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EDITORIAL 

The 10th Symposium of the Research Council of Zimbabwe represents a unique mile stone in the history of 

research in Independent Zimbabwe. It represents a decade of collated national research output, ten research-

years of sustained intellectual achievement, and a decade of notable research enterprise. The Research 

Council of Zimbabwe has established Zimbabwe as a significant player in the International Research arena 

through these biannual symposia. A research culture is born! 

The theme of the 10th Symposium, “Research for Empowerment and Socio-economic Transformation” 

resonates very well with the National focus on implementing the Zimbabwe Agenda for Sustainable Socio-

economic Transformation (ZimAsset), which is an economic plan based on the four foundations of Food 

Security, Social Services and Poverty Eradication, Infrastructure and Utilities and Value addition and 

Beneficiation.  These honourable and lofty ideals are a prelude to national economic growth. History, 

experience and evidence-based facts have shown that economic growth is always accompanied by research 

output and technological advancement. It is gratifying that the Research Council of Zimbabwe, through the 

biannual symposia, has pulled its weight towards the goal of national economic growth. 

It would be interesting and informative to know how much of the past ten-year-research output has gone on 

to be implemented. Going by the high quality and applicability of some of the current symposium research 

papers I am sure there is a lot of application of research results out there. 

Some of the highlights of the papers presented at the 10th Symposium include the fundamental realization 

that female participation in the economy is  an important factor for economic growth; reduction of mortality 

rate in broiler chicken by reducing ammonia gas production in chicken houses through incorporating wood 

charcoal in chicken feed; doubling the shelf life of biodiesel (from jatropha) by using such antioxidants as 

pyrogalic acid; in security, the use of geoinformation science  (GIS), to assess, predict, and prevent threats 

like infectious disease in the country; the right to health as a constitutional provision is not being 

implemented and there is a need to enhance soft skills (finance, banking) to small scale farmers to enhance 

empowerment. These are all brilliant research findings which can be implemented with ease.  

It is hoped and anticipated that future Symposia will publish papers of an even higher standard. Preceding 

research output should take advantage of the past ten-year experience and see farther afield because they 

will be standing on the shoulders of giants! 

 

Charles FB Nhachi 

Chief Editor   
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WELCOME REMARKS  

BY THE RESEARCH COUNCIL OF ZIMBABWE BOARD CHAIRMAN, DR. M.J. TUMBARE AT THE 

TENTH ZIMBABWE INTERNATIONAL RESEARCH SYMPOSIUM: 13 FEBRUARY 2015 

Honourable Vice President of the Republic of Zimbabwe Cde. Emmerson Dambudzo Mnangagwa,  

Honourable Vice President of the Republic of Zimbabwe Cde. Phelekezela Mphoko 

Minister of Higher and Tertiary Education, Science and Technology Development, Hon. O.C.Z. Muchinguri 

(MP) and other Cabinet Ministers here present; 

Members of the Parliamentary Portfolio Committee on Higher and Tertiary Education, Science and 

Technology Development; 

Members from the Diplomatic Corps;  

Public Service Commissioners; 

Representatives of the Uniformed Forces; 

Permanent Secretaries;  

RCZ Board Members; 

Vice Chancellors from Universities and Representatives from Polytechnics and Colleges here present; 

The Director of Ceremonies, Mr. Emmanuel Manyika; 

Captains of Industry and Commerce; 

Sectoral Research Councils; 

Our various cooperating partners; 

International Presenters and Authors from various countries from around the globe; 

Our Zimbabwean Exhibitors, Presenters and Authors; 

Invited Guests; 

Ladies and Gentlemen; 

Good Morning 

It is my greatest pleasure, Honourable Vice President, to welcome you to the 10th Zimbabwe International 

Research Symposium. Your presence here is confirmation of your commitment to support research, the 

research community in Zimbabwe and the Research Council of Zimbabwe. We are honoured by your 

gracing the occasion of the 10th Zimbabwe International Research Symposium. Allow me, Honourable Vice 

President, to extend a special welcome to our visitors from outside Zimbabwe who have been with us since 

yesterday.  
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It is our hope that their presence here is a beginning of long lasting collaborative relationships with their 

local counterparts. I would also like to especially welcome the Keynote Speaker Ms. Judith Francis who 

will be represented by Professor Idah Sithole Niang. 

The theme for the Tenth Zimbabwe International Research Symposium, “Research for Empowerment and 

Socio-Economic Transformation” makes a statement to the effect that research is central to the national 

socio-economic development drive.  The role of R&D in informing the programmes and activities in the 

implementation of ZIMASSET cannot be over emphasised. The majority of the research papers presented 

during this symposium bear testimony to the potential of research to answer some of the pressing national 

socio-economic challenges.  

Honourable Vice President, Ladies and gentlemen 

An understanding of where the Research Council of Zimbabwe is coming from as an organisation is of 

utmost importance. Therefore, allow me to briefly describe the Research Council of Zimbabwe and 

highlight some of the Council’s milestones in recent years. The Research Council of Zimbabwe is the apex 

Body mandated by the Research Act Chapter [10:22] to promote, control and coordinate research in 

Zimbabwe. The Research Council of Zimbabwe also provides policy advice to Government on national 

research matters. The vision of the Research Council of Zimbabwe is “TO BE THE PIVOTAL LEADER, 

STEERING RESEARCH TOWARDS THE SUSTAINABLE DEVELOPMENT OF ZIMBABWE”.  

I am pleased to inform you, Honourable Vice President that the Research Council of Zimbabwe activities 

from 2014 have been carried out in the framework of its 2014 to 2018 Strategic Plan. The Strategic Plan is 

Results Based Management compliant.  

Some of the Research Council of Zimbabwe milestones in the past few years include: 

 Development of the National Research Priorities of Zimbabwe 

 Establishment of the National Research Database of Zimbabwe 

 Funding of Research 

 Development of a National Definition of Research and Development and Research 

Classification system 

 Production of Zimbabwe’s critical and strategic minerals document 

 Publishing of the Zimbabwe Research Index 

 Production of the National System of Science Technology and Innovation Document 

Allow me Honourable Vice President, to inform delegates to this symposium that, in an effort to facilitate 

collaboration between our local researchers and international researchers, the Research Council of 

Zimbabwe has put in place a system for taking stock of the joint international research projects undertaken 

in the country. Foreign researchers are required to have a local institution of affiliation. Our Government 

departments, Universities, Research Institutes, and sectoral research council are institutions of affiliation 

and to that effect, a Directory of Institutions of Affiliation has been developed.  
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The registration of foreign researchers is also aimed at protecting national interests through ascertaining 

that the foreigners who come into the country for the purpose of conducting research are indeed bonafide 

researchers who will complement our national research agenda. We also strive to ensure the protection of 

the human participants as well as the environment from potentially harmful research undertakings. I am 

pleased to inform you Honourable Vice President, that the Council is progressively building capacity to 

monitor the activities of foreign researchers.  

Let me acknowledge the support we received from Government in the past years. The major highlight of 

this support is that, since the last symposium held in 2013, the Research Council of Zimbabwe, was able to 

acquire its own property. The permanent address for the Research Council of Zimbabwe Offices is now 

number 11 Stafford Road, Mt. Pleasant, Harare. We remain grateful to the Government for this support, as 

it gives us confidence to continue developing the national research agenda. 

Lastly, Honourable Vice President, I would like to take this opportunity to state that the RCZ has a large 

number of potentially beneficial research projects that await funding. These are studies shortlisted for 

funding from the 2013 and 2014 responses to the Research Council of Zimbabwe Call for Proposals. Let 

me take this opportunity to invite our stakeholders in Industry to come forward and partner the RCZ in 

financing these unfunded research projects. 

The Research Council of Zimbabwe is grateful to our sponsors. It is their support in cash and kind that 

enabled us to successfully organise the Tenth Zimbabwe International Research Symposium. I wish to 

extend my heartfelt gratitude to all the universities, research institutions and other organisations that were 

involved in the preparations of the 10th Zimbabwe International Research Symposium from the onset. Your 

dedication to duty and level of commitment to the success of this important event is indeed appreciated by 

the Research Council of Zimbabwe. I also wish to thank all the presenters and reviewers for the world class 

papers presented at this international symposium. 

Honourable Vice President, Ladies and Gentlemen.  

I THANK YOU 
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INTRODUCTION OF THE GUEST OF HONOUR  

BY HON. O. C. Z MUCHINGURI (MP) MINISTER OF HIGHER AND TERTIARY EDUCATION, 

SCIENCE AND TECHNOLOGY DEVELOPMENT AT THE ZIMBABWE RESEARCH COUNCIL 

SYMPOSIUM HICC 

(ALL PROTOCOL OBSERVED) 

Allow me ladies and gentlemen to introduce to you today our special Guest of Honour for this auspicious 

event.  

Our special guest has held various positions in his different capacities and portfolios in servicing the people 

of Zimbabwe since the time of our Independence in 1980.   

1.0  Major highlights of his Ministerial/Government career 

The major highlights of his Ministerial/Government career include; 

 Minister of National Security (1980-1988) 

 Speaker of Parliament (2000-2005) 

 Minister of Rural Housing and Social Amenities (2005-2009) 

 Minister of Defense (2009-2013) 

 Minister of Justice, Legal and Parliamentary Affairs (2013-2014)  

 Appointed as 1st Vice President of the Republic of Zimbabwe on 12 December 2014. 

2.0  Educational Background and Training 

 The Hon. Vice President did most of his education in prison and successfully passed. 

 He is a holder of an LLB Law which he attained from the University of London in the year 1972. 

 He did post-graduate LLB degree and another post graduate programme in Advocacy in 1975 

and was admitted to the Bar of the court of Zambia in 1976. 

 3.0 Liberation Struggle credentials 

 The Hon. Vice President is one of the 1st trained soldiers in Egypt and the People’s Republic of 

China. 

 He was amongest the delegates who attended the ZANU Congress of 1964 which saw the likes 

of Cde L. Takawira being elected to the post of Vice President, Cde H. Chitepo (National 

Chairman) and His Excellency the President Cde R.G Mugabe being elected Secretary General 

of the Party at that time. 

 During the armed struggle The Hon. Vice President and his colleagues were responsible for 

blowing up a locomotive train in Fort Victoria. 

 He was part of the “Crocodile Gang” which saw him land the nickname Ngwena. The gang 

organized retaliations against the racist white farmers.  
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 As a result of these retaliations against the Smith Regime, he was arrested and sentenced to death 

along with his colleagues but narrowly escaped the death penalty because he had not yet reached 

the mandatory age of hanging. 

I am persuaded to think that harrowing experience of seeing some of his colleagues being hanged must have 

contributed to his fervent opposition against the death penalty to the extent that he has never signed any 

papers for any prisoners on the death row to be hanged. 

Ladies and Gentlemen, I request you to welcome none other than the Vice President of the Republic of 

Zimbabwe, Hon. Emmerson Dambudzo Mnangagwa to make his keynote address.   
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OFFICIAL OPENING ADDRESS  

BY HON. E.D. MNANGAGWA VICE PRESIDENT AND MINISTER OF JUSTICE, LEGAL AND 

PARLIAMENTARY AFFAIRS AT THE 2015 ZIMBABWE INTERNATIONAL RESEARCH 

SYMPOSIUM HARARE INTERNATIONAL CONFERENCE CENTRE FRIDAY, 13 FEBRUARY 2015 

Director of Ceremonies, Mr Emmanuel Manyika; 

The Minister of Higher and Tertiary Education, Science and Technology Development, Hon. O. C. Z. 

Muchinguri and other Cabinet Ministers here present; 

Members from the diplomatic corps; 

Our Keynote Speaker and Senior Programme Coordinator for the Technical Centre for Agriculture and Ru-

ral Cooperation, ACP-EU, Ms J Francis; 

The Board Chairman of the Research Council of Zimbabwe, Dr M J Tumbare; 

Captains of Industry and Commerce; 

Research Councils; 

Representatives from Universities, Polytechnics and Colleges here present; 

Our various cooperating partners; 

International Presenters and authors from various countries from around the globe; 

Invited Guests; 

Good Morning 

Let me begin by thanking the organizers of this 10th Zimbabwe International Research Symposium and 

Board Members of the Research Council of Zimbabwe for inviting me to this gathering of intellectuals. I 

wish to extend a warm Zimbabwean welcome to all the international visitors who were part of this sympo-

sium from the beginning. It is my firm belief that you have enjoyed the great hospitality that the people of 

Zimbabwe are known for. I would like to encourage you to find time off the symposium programme to visit 

some of the attractions that Zimbabwe is blessed with as this will indeed give you lasting impressions of 

Zimbabwe. To the Zimbabwean participants, I welcome you all. 

The Zimbabwe International Research Symposium has grown, over the years, to be a hallmark of the Gov-

ernment’s quest for promoting research in Zimbabwe. In addition to providing a platform for researchers to 

communicate their research results with peers, the symposium is a point for interfacing between researchers 

and policy makers as well as funders of research. It presents a platform for seasoned researchers to present 

their research findings whilst being a place for young and upcoming researchers to learn from the experience 

of their seniors. We take this opportunity to celebrate research excellence by our sons and daughters in their 

various fields of expertise. 
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The concept of the symposium was initially a way of creating a forum for local researchers to present their 

research as most of the local research was being presented outside the country. I note with satisfaction that 

the Research Council of Zimbabwe has taken the initiative to further develop the symposium from being a 

local event into an international event. This upholds the spirit of sharing of research across geographical 

boundaries which we will continue to promote. 

The 10th Edition of the Zimbabwe International Research Symposium has come at a time when our nation 

is focusing attention on the implementation of the Zimbabwe Agenda for Sustainable Socioeconomic Trans-

formation (ZimAsset). Zim Asset is an economic transformation plan premised on four clusters namely 

Food Security, Social Services and Poverty Eradication, Infrastructure and Utilities and Value addition and 

Beneficiation. It is centred on our broad national agenda of indigenization, empowerment and employment 

creation. The economic blue print’s implementation is focused on developing a people-centred Government 

through promoting the equitable development and prosperity of all Zimbabweans. The national economic 

blue print emphasizes the sustainable utilization of natural resources. To that end, is important to note the 

importance of sound scientific information in the utilization of our natural resources as envisaged in ZimAs-

set. 

Zimbabwe is set on a sure path towards economic growth despite the presence of the current economic 

challenges. Our resolve is especially strengthened by the continued discovery of precious mineral deposits, 

among other God given treasures which are certainly set to bring our economy back on its feet. The suc-

cessful implementation of the value addition and beneficiation of our mineral and agricultural resources, a 

key success pointer of ZimAsset, is one area that we will pursue as we move towards ending the country’s 

economic woes. The thrust of value addition and beneficiation is to develop national capacity and improve 

on primary raw materials in order to maximize our export earnings. This demands a great deal of investment 

into manpower development as well as technology transfer. 

Government remains committed to enhancing agricultural yields and is pursuing the restoration of our coun-

try’s status as the breadbasket of Southern Africa. We have the resource, the land, in our hands. It is now up 

to us as a people to focus attention on increasing yields through improving our methods of farming and 

achieve higher yields per hectare. This calls for robust research and development programmes coupled with 

dissemination platforms starting at the grassroot levels. If our agricultural production at all levels is in-

formed by knowledge acquired from research, then each agricultural season’s outputs will be a solid foun-

dation for better yields in the next season. I would like to encourage more and more of our farmers to move 

from subsistence agriculture and adopt a business approach to farming. We do have the institutional set up 

for achieving this through the Ministry of Agriculture Mechanization and Irrigation Development, the De-

partment of Research and Specialist Services, the Agricultural Research Council, our agricultural research 

stations and agricultural colleges all over the country. We thus need to coordinate the efforts of these na-

tional units in particular, and strengthen their linkages to the grassroots. The model that we have in the 

Tobacco Industry provides a useful learning experience for the whole agricultural sector. 

The Government of Zimbabwe greatly values international collaboration in research. True to this principle, 

we are party, at regional level, to the SADC Protocol on Science, Technology and Innovation.  
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The Protocol seeks to foster cooperation among Members States and promote the development, transfer and 

mastery of Science Technology and Innovation. In the spirit of this Protocol, Zimbabwe has entered into 

bilateral Science Technology and Innovation cooperation agreements with a number of SADC Member 

States namely South Africa, Mozambique, Namibia and Zambia. We have also gone a step further to seek 

to cooperate with friendly countries outside the SADC region including those beyond the African continent. 

Through these bilateral agreements, we anticipate the establishment of mutually beneficial collaborative 

research partnerships.  

It is also important to mention that we remain conscious of the potential benefits imminent from our mem-

bership to international bodies. Government will continue to support the pursuit of membership to interna-

tional bodies particularly those that provide answers to our development challenges. I am aware of the 

recommendation by the Research Council of Zimbabwe for Zimbabwe to join the Group on Earth Obser-

vation which is currently being considered by Government. As we seek to pursue partnerships that emanate 

from these memberships, we should always be aware of our national needs and focus attention at guarding 

national interests. The important thing is for us to strengthen our capacity to make meaningful contributions 

to these international organizations. 

Today we take pleasure in our country’s attaining close to thirty five years of independence and self-rule. 

Our independence will always be a treasured achievement through many generations. As we take pride in 

political freedom which elevated our status in the country from being mere spectators into being masters of 

our own destiny, we are fully aware of the challenges that come with it. We owe it to the present and future 

generations to bring about meaningful and tangible economic freedom to our people. The land reform pro-

gramme has already begun to bear fruits with many Zimbabweans who got land under the programme 

becoming self-reliant and well established farmers in their own right. In addition, the indigenization and 

economic empowerment drive has also gathered momentum geared at improving the livelihoods through 

facilitating ownership of the productive sectors of the economy by our people. It is high time our researchers 

followed a similar path driven by patriotism and the desire to bring positive change to Zimbabwe, thereby 

complementing this national struggle for economic growth and improvement of quality of life. 

The work of researchers is always of paramount importance to the nation as research forms the fundamental 

basis for all the modern day knowledge. What we have today as knowledge is a result of the commitment 

of men and women who set their minds to the understanding of phenomena which were set to change the 

world. Whole economies have been built premised on the work of these individuals. Scientists, the world 

over, continue to be looked upon to provide knowledge as well as solutions to the challenges affecting 

humanity ranging from diseases, global environmental issues to industrial processes and products. The idea 

is not for one to make a mark as an individual, but rather for each researcher to make a contribution into the 

global pool of knowledge beginning with the local platform and growing to the international level. It is 

most heartening to note the rise in international interdisciplinary collaborative research projects. This gives 

researchers broader insights into subject matters and better chances at realizing ground breaking discoveries 

which can impact the international level. As such, the Government will continue to encourage local re-

searchers to pursue mutually beneficial international collaborative research projects. 
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We have noted how the world has celebrated the rise in industrialization at a dear cost to the environment 

in the form of massive land degradation, air and water pollution, desertification as well as the loss of bio-

diversity, among many others. Today we are faced with the reality of climate change as evidenced by ex-

tremes in weather across the globe. As researchers, you are called upon to adequately advise Government 

on sustainable environmental management as well as to propose ways of mitigating the effects of climate 

change in national development programmes. Government has since adopted a comprehensive Climate 

Change Adaptation Strategy which identifies research and development as one of the key enablers. Thus 

we look up to you, the experts, to provide the much needed knowledge base on which we can salvage our 

environment. 

The advancement in technology globally makes it imperative that we embrace and utilize emerging tech-

nologies for national development. There is need for a change in strategy that ensures that in the long term, 

our nation reinstates her global competitive advantage in her areas of strength. Our institutions of higher 

learning remain the mainstay of our drive towards achieving this. I therefore call upon our universities, 

polytechnics and all institutions of higher learning to reorient their curricula in line with the demands of 

these global dynamics and most importantly, the pressing national challenges. In this same vein, I urge local 

scientists and industrialists to collaborate and work along the lines of developing industrial research and 

development units that produce local products and technologies. Our education institutions must, therefore, 

now focus on building manpower with capacity to start viable and globally competitive companies.  

The world has also witnessed the rise in challenges in the health sector. Top on the agenda for the past two 

decades has been the HIV AIDS pandemic and more recently, the Ebola virus that has wreaked havoc in 

some West African States. It is encouraging to note that Zimbabwean researchers have been and continue 

to be actively involved in collaborative research projects aimed at understanding the effects of the AIDS 

virus as well as proposing ways of reducing mortality among those already affected by the virus. Govern-

ment through the Ministry of Health and Child Care and with the help of development partners has sup-

ported this fight. We have already begun to witness the results of these efforts in reduced incidences of new 

infections as well as reduced mortality due to the pandemic. The Ministry of Health and Child Care has 

demonstrated preparedness to handle potential cases of Ebola, thus putting to rest potential fears within the 

population.  

Mr. Chairman, Government notes with satisfaction the various success stories of the Research Council of 

Zimbabwe as it responds to national research needs. During the first years of its establishment, the Research 

Council of Zimbabwe was called upon to set up national research priorities. The National Research Priori-

ties provide a useful guide to the allocation of research funds in addition to informing the prioritization of 

development in national research capacity. Within this context, a funding framework that is driven by the 

national research priorities ensures that research funded by Government is more aligned to national inter-

ests. It is, therefore, important to identify research areas with the potential for spearheading national devel-

opment as well as providing solutions to the pressing national challenges. The prioritization is also meant 

to provide a guiding system for funding during circumstances of scarce financial resources. The RCZ 

heeded this call, and after a long period of consultations, a set of national research priorities were finalized 

and approved by Government in 2011.  
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The fact that the National Research Priorities of Zimbabwe are closely related to the four Clusters of ZimAs-

set is testimony to the way our scientific processes and Government policy are speaking to the same goals 

and aspirations. We are therefore confident of the fact that, moving forward, the funding of Research as 

informed by the National Research Priorities is a step towards the implementation of the broad objectives 

of ZimAsset.  

The Research Council of Zimbabwe has also established the National Research Database of Zimbabwe. For 

many years, the academic community has been asking for a centralized location of information on research 

carried out in Zimbabwe as well as a repository of information on the expertise resident in Zimbabwe. I 

commend the RCZ’s effort in coming up with this useful tool as its full utilization will enable the develop-

ment and strengthening of collaborative linkages among researchers while necessitating their ultimate link-

age to users of research results. The establishment of the national research database resonates with Govern-

ment’s policy of promoting the use of information communication technologies and e-governance. This is, 

indeed, a job well done. I urge all our researchers to deposit their work on this database. 

I have heard your passionate call, Mr. Chairman, for an increase in funding for research. Let me take this 

opportunity to categorically state that Government remains committed to the funding of research. You will 

be interested to note that, in June 2014, the African Union Summit of Heads of State and Government, in 

Malabo, Equatorial Guinea, adopted the Science, Technology and Innovation Strategy for Africa for the 

period beginning 2014 to 2024. The Strategy, which was developed following a review of Africa's Science 

and Technology Consolidated Plan of Action, aims at accelerating the transition to innovation-led, 

knowledge based economies. Member states of the African Union committed themselves to increase finan-

cial support for research beyond the 1% of gross domestic product spending on research commitment of the 

2006 Khartoum declaration. This should encourage the Research Council of Zimbabwe to continue 

strengthening its systems as funds for research from Government are definitely set to substantially increase, 

as we honour the commitments of the Malabo Summit. 

At this juncture, I would like to commend the efforts of all researchers who have presented their research 

papers at this tenth Zimbabwe International Research Symposium. The work of carrying out research from 

the development of the idea, through the data collection process to the final publishing of results requires a 

considerable amount of commitment. This often takes a great deal of determination and the foregoing of 

some of life’s comforts. To have your research paper selected for presentation at a forum of such magnitude 

as this research symposium is, therefore, no small achievement.  It is therefore befitting of me to 

congratulate all the presenters who have given an account of their work at this important event. I am reliably 

informed of the great work that was put into the review and finalization of the papers being presented today. 

It is also my fervent hope that your presentations will serve to inspire youngsters to emulate your prowess. 

To our international researchers, we are greatly honoured to have you as part of this international platform. 

We anticipate that you will be true ambassadors of the Zimbabwe International Research Symposium brand 

and the country, in general. We look forward to seeing you again during the next editions of the Symposium. 

Our local researchers have continued to work against a background of the country’s economic hardships. 

Having been able to achieve this in these trying times, the future of our country’s research and development 

is indeed bright.  

http://www.rcz.ac.zw/
http://www.rcz.ac.zw/


10th Zimbabwe International Research Symposium Book of Papers Presented (ISSN: 2412-2386) 

Published by Research Council of Zimbabwe   

Website: www.rcz.ac.zw   22 

It is also my hope that the research that is presented at this symposium will be applied somewhere within 

the matrix of our national economic development plan. Some of it should influence policy whilst some of 

it should be a foundation for lasting development in the productive sectors of our economy.   

In conclusion, I would like to congratulate the RCZ together with the various institutions that were involved 

in ensuring that this event is a success. At this point, it is now my pleasure to declare the 2015 Zimbabwe 

International Research Symposium officially opened. 

I thank you. 
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KEYNOTE ADDRESS 

Research and Empowerment for Social Transformation 

Judith Ann Francis, Senior Programme Coordinator 

Science and Technology Policy 

Technical Centre for Agricultural and Rural Cooperation (CTA), The Netherlands 

Honourable Vice Presidents of the Republic of Zimbabwe Cde. Emmerson Dambudzo Mnangagwa, the 

guest of honour, and Honourable Phelekezela Mphoko; the  Minister of Higher and Tertiary Education, 

Science and Technology Development, Hon. O.C.Z. Muchinguri (MP) and other Cabinet Ministers; 

Members of the Parliamentary Portfolio Committee on Higher and Tertiary Education, Science and 

Technology Development; Members from the Diplomatic Corps; Senior Representatives from 

Government;  Research Council of Zimbabwe Board Members; Vice Chancellors from Universities and 

Representatives from Polytechnics and Colleges here present; Captains of Industry and Commerce; Sectoral 

Research Councils; Cooperation Partners; International Presenters and Authors from various countries from 

around the globe; presenters and authors from Zimbabwe; invited guests; ladies and gentlemen; all protocols 

observed. It is a privilege and an honour to have been invited to deliver the keynote address at the 10th 

Annual Zimbabwe International Research Symposium. 

The theme of my keynote, “Research and Empowerment for Social Transformation” is both thought 

provoking and challenging as there is no blueprint for success. It also allows me to introduce the subject of 

innovation which is increasingly acknowledged as important for making progress in all spheres of social 

endeavour. We need to mobilise academics, researchers and scientists, facilitate them to prioritise national 

and global societal challenges in their research and teaching and encourage them to work more closely with 

policymakers, industry and key stakeholders, including farmers, to enhance the impact of their contributions 

on socio-economic development. We need their collective insights in identifying opportunities and risks in 

efforts aimed at achieving social transformation. 

While we continue to experiment with different strategies and approaches to improve the well-being and 

livelihoods in developing countries and especially in many African nations, we should admit that the success 

rate to date of several national, regional and international interventions has been abysmal. Despite major 

national and international pronouncements and commitments over the past decades, 805 million people in 

the world do not have enough to eat and the highest prevalence of hunger is in Sub-Saharan Africa. We are 

also confronted with the perplexing problems of high poverty, widening income gaps, under- and un-

employment, mal-nutrition and other health related diseases e.g. the recent Ebola crisis in West Africa which 

crippled several nation states; and a diminishing natural resource base. As Albert Einstein said “We cannot 

solve our problems with the same thinking we used when we created them”. 
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It is hoped that my keynote provokes reflection and self-assessment and inspires us all to do better. It is 

hinged on three guiding principles plus one: 

i. Research is only one aspect of the knowledge triangle. Collaboration within and across disciplines, 

with industry (including smallholder farmers: our discourse is aimed at addressing agriculture) and 

with government/policy makers, improves the quality, relevance and impact of research. The 

knowledge triangle, comprising of research, education and business with the government as the 

enabler, has become the cornerstone of innovation processes for societies aiming to be at the fore-

front of industry leadership and development. Failure to contextualize knowledge and understand 

as well as be responsive to the needs and aspirations of the population makes the societies we serve 

the poorer; economically and socially. 

ii. Empowerment implies that societies continuously learn and in the process they are able to use and 

generate knowledge to create as well as take advantage of opportunities for social progress. 

Empowerment should not be seen as a start and stop event: one moment in time. Once empowered 

and given the right incentives, people will continuously improve their circumstances. Knowledge 

will be used not only for their own benefit but for the benefit of their families, communities and 

wider society. Trust in the system, the information sources and the diverse knowledge providers is 

an important element. Engagement, enablement and enhancement are essential for empowerment. 

iii. Inherent in social transformation is the mobilisation of individuals and groups for achieving socio-

economic progress through technological, political and cultural change. Societies are not 

transformed overnight; this generally takes time. While technological advancement has speeded up 

the process in many Western nations, this has not occurred without some resistance especially if the 

change is perceived as either too fast, extreme or only benefitting a few. The case of bio-engineered 

crops is a good example. Resistance to genetically modified crops continues despite efforts of 

various scientists and governments in both the developed and developing world to promote the 

potential benefits. More recently, increased access to the internet and advances in mobile technology 

have been widely embraced in developing countries with impact on all sectors including agriculture. 

Social transformation, education, technology adoption and good governance go hand in hand. 

Leadership is ‘the plus one’. It is necessary for creating the enabling environment for learning and 

innovation and for providing the impetus for sustaining social transformation. Visionary leadership 

complemented by good governance systems underpins transformational and transformative change and 

leads to success. 

Four world leaders (and there are many more) who have mobilised millions through their vision of a better 

society and who through their selflessness continue to inspire millions even after their death to aspire for 

societal change were deliberately considered for this keynote.  
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Some of their selected quotations are as follows: 

Nelson Mandela – “Education is the most powerful weapon you can use to change the world.” 

Martin Luther King Jr – “Life’s most persistent urgent question is: What are you doing for others?” 

Mahatma Gandhi – “Be the change you wish to see in the world.” 

Mother Teresa – “I alone cannot change the world but I can cast a stone across the waters to create many 

ripples. Do not wait for leaders. Do it alone person to person.” 

The lessons we can derive from these leaders in pursuing an agenda of “Research and empowerment for 

social transformation” are to: value knowledge and learning (life-long); acknowledge the power of 

education; adopt humility, graciousness, commitment and selflessness as guiding principles; and motivate 

others to act not only in their own interest but for the good of the wider society. These characteristics are 

also exemplified by outstanding scientists who dedicated themselves to the pursuit of knowledge and have 

contributed to social transformation through the application of science, technology and innovation.   

Oftentimes, when we think of scientific luminaries, we make reference to Charles Darwin, Norman Boularg 

and Albert Einstein as inspirational researchers/scientists. They are the gold standard, the trail-blazers who 

have transformed the lives of millions, motivated generations of scientists and through their groundbreaking 

research have contributed to economic and social development. However, we can update our repertoire of 

scientific exemplars by profiling African scientists, whose research and pioneering spirit have impacted 

their home countries, the African continent and the world. Two African scientists who I have interacted with 

in the last ten years, who are internationally recognised and have inspired other scientists; young and old, 

African and non-African and whose research has opened up new markets and opportunities for agri-

entrepreneurs readily come to mind. They are: 

1. Professor Monty Jones from Sierra Leone. Prof Jones rose to international fame when he was named 

the 1st African and co-winner of the World Food Prize in 2004. He is well known for his pioneering 

research on the New Rice for Africa (NERICA) and for his leadership in steering the Forum for 

Agricultural Research in Africa (FARA) as its first executive director. He is presently Special Ad-

viser to the President of Sierra Leone. 

2. Professor Ameena Gurib-Fakim from Mauritius. Prof Gurib-Fakim developed the first ever database 

on the medicinal and aromatic plants of the South West Indian Ocean and has transcended an aca-

demic research career into an enterprise by establishing the 'Centre for Phytotherapy Research 

(CEPHYR) Limited. Prof Gurib-Fakim is internationally recognised for the documentation and val-

idation of traditional medicine. She has published extensively and trained several students in this 

field. She is the recipient of many international awards including an Honorary Doctorate from the 

Université Pierre Marie Curie (Sorbonne), France. In finalising this paper, I learned that Prof. Gurib-

Fakim was appointed President of Mauritius. 
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Research, innovation and social progress 

Many people fail to see the connection between research, innovation and social progress. There has been 

extensive criticism of researchers who are perceived as not being connected to national priorities and grave 

concerns have been raised that research outputs generated with public funds remain on the shelf; out of 

reach of those who most need them. Governments, international donors and development partners have 

raised the alarm bells and responded by restricting funding for research or setting onerous conditions for 

accessing research funding. The private sector, although seen as a complementary source of research 

funding, has also expressed concerns about the different time horizons that researchers and industry have. 

African scientists find it difficult to access private sector funding for research. Smallholder farmers are also 

skeptical about the value of research, the results and researchers’ interest in partnering with them to 

overcome the challenges they encounter in their daily endeavours. 

According to Anseeuw et al. (2012), public research in Zimbabwe has been severely hampered due to 

financial constraints and loss of academic personnel. They further noted that while research is ongoing, this 

is limited and that extension services were inadequate. The feedback loops and knowledge exchange 

between farmers, extension agents and researchers were poor, hindering the uptake of new or improved 

technologies, knowledge and good practice. Research and innovation for social progress is even more 

challenging when there is no functional innovation system and barriers to communication among the 

various actors exist. 

It was therefore interesting to discover when researching this paper that the Zimbabwe science, technology 

and innovation system has been mapped (see diagram below). However, key questions need to be asked. 

How well is it functioning? How effective is the policy and institutional framework? What are the linkages 

between and among the various actors? What are their practices and habits? What have been the results to 

date in terms of knowledge generation, for example number of scientific publications or new or improved 

varieties and technologies, new businesses, increased productivity and efficiency? And, if there have been 

tangible outputs, how have these been translated into increased market share, business opportunities and 

earnings for farmers and agri-entrepreneurs and growth and development of the Zimbabwean economy and 

society as a whole? 

So, while Zimbabwe’s leaders and scientific community must be commended for having mapped the 

innovation system, more importantly the innovation system must work in the interest of the 70% of the 

population whose livelihoods depend on agriculture, the industry actors, the academic and research 

communities and the wider society. The incentive and reward structure and the mechanisms for monitoring 

and evaluation are essential for success.  

In 2004, when CTA, the organisation I represent, began building capacity on innovation systems in Africa, 

the Caribbean and the Pacific and supporting national experts to analyse the agricultural, science, 

technology and innovation systems using a case study approach, the results revealed that the innovation 

systems in most countries were dysfunctional and interactions among actors needed to be strengthened. We 

need to improve the performance of national innovation systems, build capacity and make resources 

available, if we accept that research and innovation are important for socio-economic development. 
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Zimbabwe Innovation System 

 

What role for the Research Council of Zimbabwe 

The Research Council of Zimbabwe is an important actor in the Zimbabwean innovation system (ZIS). The 

mandate it was given when established in 1986 has been duly noted, inter-alia to: 

 Promote, control and coordinate research activities 

 Give policy advice to government on S&T and research matters 

 Recommend to government the establishment of research councils or research institutes. 

Government 

Research Council of 
Zimbabwe  

Funds Sources  
 Government 

 Financial 

Institutions 

 Regional and 

International 

Organisations  

 International 

Private Sector  

Knowledge Genera-

tors 

 Academia 

 Academy of 

Sciences 

 Research 

Institutions 

 I P Agencies 

 Standards Bodies 

 Indigenous  

Knowledge systems 

Users of Goods and 

Services 

 Public Sector 

 Industry  

 Regional and 

International 

markets 

Release 

of 

Funds  
Research 

Results 

SOCIETY 
Beneficiaries 

(Improved 

Quality of 

Life)  

Adapted from Muzite, (2009). 
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The nine strategic goals including securing 1% GDP for funding R&D in line with National Research 

Priorities (4 thematic areas) and the Zimbabwe Agenda for the Scoio-economic Transformation (Zim-Asset) 

by 2018 clearly demonstrate the ambitions of the Council. However, ambitions must be matched with the 

realities on the ground. 

According to selected key statistics on Zimbabwe based on 2012 data published in the African Innovation 

Outlook II (NPCA, 2014), the level of national investments in R&D can be improved. Some of the key 

indicators extracted from the report are as follow:   

 Gross domestic (GD) public expenditure on R&D (GERD) – 143.1 PPP$M 

 By sector 

 GD government expenditure on R&D (GOVERD) – 24.3PP$ M (17.1%) 

 GD higher education expenditure on R&D (HERD) – 118 PPP$ (82.9%) 

 N.b. business and non-profit were not surveyed 

 GERD by type of R&D - basic research (54.1%); applied research (34.3%) and experimental 

development research (11.6%)  

 R&D personnel by head count was 3,697 of which 2,739 were considered as researchers (74.1%) 

which corresponds to 209 researchers per million population. 

If these statistics are compared with those for South Africa, the leader in research, education and innovation 

in Africa and also with those from other developing countries e.g. China or an OECD country such as the 

Netherlands, then Zimbabwe falls short. However, such a simplistic comparison is not enough. It would be 

of more strategic importance if data on the R&D outputs and the uptake of research results as well as the 

impact on agricultural performance in Zimbabwe were more readily available. Such input and output data 

would better support a call for increasing national investments in R&D and in strengthening the wider 

national science, technology and innovation system. However, such data is not easy to collect if there is no 

monitoring and evaluation framework in place, 

Matching ambitions with realities 

According to the stated Zimbabwe’s ambitions; ZimAsset, food security and nutrition are a priority for the 

social science and humanities, sustainable environmental and resource management, promoting and 

maintaining good health and the national security of Zimbabwe.  Based on existing evidence, low 

productivity, low capital investments and deteriorating marketing infrastructure contribute to the food 

insecurity situation in Zimbabwe. This is linked to problems with availability and accessibility directly 

related to production trends; temporal (seasonal), geographical and socio-economic factors (Anseeuw et al., 

2012). Any efforts aimed at addressing the multi-dimensional nature of the food security challenge in 

Zimbabwe must be done in the context of an agricultural system that is dominated by a high percentage 

(50%) of smallholder farmers. 
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Systems thinking, cross-disciplinary research, multi-sectoral collaboration and innovative partnerships are 

needed at multiple levels and scales. All countries, developed and developing, face the same challenges but 

the difference lies in having the endogenous scientific capacity, the governance structure including 

regulatory systems and a vibrant private sector. A committed research and development community willing 

to think out of the box, provide visionary leadership and with capacity to mobilise and empower others, is 

the plus one. A willingness to collaborate will reduce the transaction costs, speed up discovery, learning and 

innovation and reduce risks of failure.  

Lessons from the field 

I would not like to end my keynote by giving anyone the impression that great things are not happening on 

the African continent and beyond. However, we must build on these islands of success so that they become 

the tsunami that leads to social transformation, socio-economic progress and the attainment of “Health for 

All”, “Food for All”, “Jobs for All”. In late 2013, CTA launched a call for “Innovations that are benefitting 

smallholder farmers”. We received 253 submissions from across Africa, the Caribbean and the Pacific. With 

the help of a multi-disciplinary team of experts and regional farmers’ organisations, we selected the CTA 

Top 20 Innovations.   

Two are highlighted:  

1. Genetic improvement of African indigenous chickens. The young Ghanaian scientist used tradi-

tional breeding techniques to produce heat resistant, faster growing chickens which had more meat  

(at 14 weeks old) and laid more eggs (100% increase) by crossing the local naked-neck frizzle fowl 

with imported breeds. Similar work is being undertaken in the United States but using more modern 

tools, genetic sequencing.  

2. Improved bean cultivars. A team of Kenyan scientists; breeders and agronomists based at a national 

university, produced superior high yielding cultivars (1,800-2,000 kg/ha compared to 350-750 

kg/ha) which are also high in zinc and iron and increased farmers’ income three times more. Their 

target is to reach two million farmers in five years and they have involved the private sector in their 

business model. 

There are also Zimbabwean examples which were brought to my attention by Professor Idah Sithole. These 

included dwarf maize by Dr. Sam Muchena, drought tolerant maize (Sirdamaize), the mechanized poultry 

de-feathering process for small-scale farmers by Lloyd E.N. Nyemba and charcoal briquettes made with 

gum Arabic as a binder by Godfrey Sibanda. What these examples demonstrate is that research and 

innovation are taking place in Africa. However, we cannot be satisfied with a few successes as much more 

needs to be done to achieve the agricultural-led socio-economic transformation that our leaders and the 

wider society want to see and experience. 

Concluding remarks 

Scientists, academics, innovators have a responsibility for demonstrating professional excellence and for 

contributing to social transformation through their research and development (R&D) endeavours. 
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We cannot only pursue the frontiers of knowledge, break new ground and publish in refereed journals. We 

also have to think about the wider society, the potential and demonstrated socio-economic impact of the 

R&D investments and the next generation. Hence, while Professors Monty Jones and Ameenah Gurib-

Fakim may not have foreseen that in their quest for knowledge they would have contributed to the 

transformation of African societies, their commitment to excellence ensured that their research had a 

demonstrable impact. We need to have foresight and be more purposeful in our research and teaching and 

consider the relevance and potential impact. This does not absolve the governments nor the private sector 

from ensuring that research; fundamental, adaptive, applied and blue sky and education in the national 

interest are well resourced.  

With respect to public funds, governments need to signal their research and education priorities, monitor 

the performance of R&D organisations and other actors in the wider innovation system and hold the 

scientific community accountable. Researchers and educators on the other hand need to be responsible in 

the use of public funds given limited government resources and be cognisant of competing interests. The 

research to innovation cycle is critical especially in the context of countries which are in need of social 

transformation for achieving socio-economic progress. 

Science and education have always been enablers of social transformation but with growing emphasis on 

the “knowledge based economies”, those who own the intellectual property rights (IPR) and can best use 

the knowledge stand to gain the most; socially and economically. Herein lies the paradox for governments 

and publicly funded institutions; how should they treat with knowledge generated as a public good versus 

knowledge generated for private gain using public funds? My conclusion is: publicly funded research must 

respond to the priorities of nation states and the outputs must be accessible to those who can and will use 

the knowledge to improve the lives and conditions of the wider society. The innovation system must 

function effectively and the knowledge triangle; research, education and business must deliver positive 

socio-economic benefits. The population must be empowered and committed to life-long learning.  

In the end, it is all a balancing act and the scientific and academic community needs to work with 

governments and the private sector including the smallholder farmers to support research, innovation and 

empowerment for achieving the much needed social transformation; economic, technological, political and 

cultural progress.  
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INTRODUCTION TO THE 10TH ZIMBABWE INTERNATIONAL 

RESEARCH SYMPOSIUM BOOK OF PAPERS PRESENTED 

The Research Council of Zimbabwe (RCZ) is delighted to present the Book of Papers that is the result of 

two Calls for Abstracts which were advertised in the year 2014 in the print and electronic media. This 

resulted in the submission of full papers 89 of which were subsequently presented at the 10th Zimbabwe 

International Research Symposium hosted by the RCZ on 12 and 13 February 2015. Selection of the papers 

presented at the 10th ZIRS was guided by a rigorous peer review process of both the abstracts and full 

papers.  

The theme for the 10th ZIRS was “Research for Empowerment and Socio-Economic Transformation.” 

which resonated with the national economic blueprint, Zimbabwe Agenda for Sustainable Socio-Economic 

Transformation (ZIMASSET). 

The papers presented at the 10th ZIRS were in line with the Government Approved National Research 

Priorities (NRPs) and ZIMASSET Clusters. The theme areas are Social Sciences and Humanities, 

Sustainable Environment and Resource Management, Promoting and Maintaining Good Health, and 

National Security of Zimbabwe. The papers presented in this Book are therefore grouped by themes and 

also the order they were presented in the conference programme. 

Objectives of the 10th ZIRS 

The main objective of the 10th ZIRS was to provide a platform to stimulate and sustain informed decision 

making through research for sustainable socio economic transformation. The other specific objectives of 

the 10th ZIRS include the following. 

 To enable researchers, policy makers and users of research results in Zimbabwe and the rest of 

the world to exchange information, research findings and ideas. 

 To promote smart partnerships among researchers, industry, commerce and various stakeholder 

communities so as to ensure application of research findings. 

 To pay tribute to hard work, dedication and achievement by the country’s finest researchers. 

 To encourage the application of research results in, industry including the service industry, 

commerce and government. 

Overview of the review process and full papers presented at the 10th ZIRS 

A total of 207 abstracts were received after two Calls for Abstracts were advertised by the RCZ in 2014 and 

each was reviewed by at least three reviewers. Of these 154 abstracts were accepted whilst 53 were rejected. 

Of the 154 abstracts accepted 116 full papers were received and reviewed. A further review of the received 

full papers resulted in 97 full papers being accepted for presentation at the 10th ZIRS where 16 full papers 

were rejected. Eighty-nine (89) of the 97 accepted papers were presented at the 10th ZIRS across the four 

National Research Priority Areas. Six of the presented papers were published elsewhere and therefore these 

papers are not part of the 10th ZIRS Book of Papers Presented. 
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After the symposium the Chief Editor reviewed the 10th ZIRS book of Papers Presented to ensure that 

authors of accepted papers complied with guidelines for writing full papers and that only original 

contribution, which have not been published elsewhere, are in this publication. 

The 10th Zimbabwe International Book of Proceedings therefore provides an invaluable reference to a wide 

range of research findings from diverse fields of study. Presentations made by authors of papers from 

foreign institutions make this Book exceptionally relevant in an increasingly global scientific and 

commercial environment. Like its predecessors, this volume provides a benchmark of progress in all the 

four National Research Priority Areas.  
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CHAPTER ONE: SOCIAL SCIENCES AND HUMANITIES 

ECONOMICS PAPERS 

1. I Too, Need To Be Shareholder: Indigenisation and Economic Empowerment 

Investments 

Wilbert Chagwiza a 2 a Department of Mathematics and Applied Mathematics, University of Venda, Bag 

X5050, Thohoyandou 0950, South Africa  wilbertchagwiza@gmail.com 

ABSTRACT 

The black economic empowerment transactions are very topical, with companies that have to date failed to 

put in place meaningful black economic empowerment schemes under serious pressure from interested 

parties. The purpose of the research is to identify appropriate strategies to incorporate indigenous in 

indigenisation and economic empowerment investments and valuing indigenisation and economic 

empowerment contracts. The data used is from Zimbabwe Stock Exchange from 19 February 2009 to 30 

September 2014. The Latin hypercube sampling has been used. Indigenous may participate through forming 

different indigenous associations and invite them to purchase shares in indigenisation and economic 

empowerment schemes at discount or market value. The first preference should be given to the rural, 

unemployed, disadvantaged and lowly paid black population. The indigenisation and economic 

empowerment share trading platform should be established. A contract pricing model was constructed. 

Government needs to de-emphasize ownership and increase focus on increased productivity and economic 

transformation. Finally, indigenisation and economic empowerment share incentive schemes should be 

provided such as tax-exempts and deductions. 

Keywords: Indigenisation and economic empowerment, shares, call option, stochastic programming. 

1. INTRODUCTION 

Is indigenisation and economic empowerment (hereinafter, IEE) good for growth? Or is it bad for growth? 

The IEE transactions are very topical in Zimbabwe, with a number of companies that have to date failed to 

put in place meaningful IEE schemes under serious pressure from interested parties. IEE is not one, but a 

vector of policies, which features prominently the transfer of assets to indigenous, appointment of 

indigenous company directors and management, training and skills development and human capital aspects. 

So does IEE create incentives for a firm to expand its scale of operations? 

IEE is not only peculiar to Zimbabwe, but a number of countries have implemented IEE as black economic 

empowerment (hereinafter, BEE) policies such as India, Malaysia, Namibia and South Africa. The IEE was 

introduced to ensure a more equitable distribution of wealth amongst the people of Zimbabwe. The process 

of IEE does not intend to exclude any racial, ethnic group, or to simply redistribute wealth that already 

exists. There is urgent need to bring the majority of Zimbabweans into the mainstream of the economy, 

where they can meaningfully participate.  
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The major concern that is forcing countries to adopt IEE or BEE policy is the long term stability of the 

country. Generally, it is well known that countries with wealth disparities that are also ethically or racially 

defined are usually, but not always, more unstable than countries with a larger degree of financial and racial 

homogeneity. Poverty in Zimbabwe is the most pressing issue, and it is directly related to crime. 

Unfortunately, poverty still runs along racial lines, with the vast majority of the poor being black. 

 Research has been done on IEE or BEE; see (1, 3, 4, 5 and 6). (1) Evaluated the impact of BEE in South 

Africa on economic growth both directly through the impact on firm behavior and indirectly through its 

impact on political stability. (2) Looked at the historical processes that influenced the indigenization and 

economic empowerment programme adopted by the Government of Zimbabwe. They evaluated employee 

ownership schemes and growth development fund models. In their paper, (3) noted that the progamme is 

appreciated by the targeted beneficiaries and majority of the population are not benefiting. Thus direct 

equity acquisitions through indigenous partners seem to favour connected and economically viable 

individuals. (4) Looked at impact of BEE on South African businesses. In his research, (4) found that BEE 

compliance would not improve the performance of the company, specifically with regard to overall 

international competitiveness, service excellence and client satisfaction, quality, productivity, 

entrepreneurial spirit and innovation, production performance, human development, morale, business ethics 

and transparency, sales and access to markets and financial performance. The link on foreign direct 

investment, BEE and labour productivity in South Africa was discussed by (5). 

Different financing models are in use which is the institutional financing, and vendor financing, see (6) and 

(8). Institutional financing is when equity is purchased using financing from banks and other financial 

institutions who will earn a spread on the financing.  According to (6) and (8), the BEE Company holds 

100% of ordinary shares in the special purpose vehicle and therefore controls the votes. (6) and (8) defined 

vendor financing as when the equity in companies is sold on credit to the BEE partners to be repaid out of 

later dividends and profits from the performance of the equity. The vendor company facilitates BEE 

transactions through providing loan guarantees, price discounts or internal vendor financing at below 

market rates to BEE investors. 

The aim of the research is to identify strategies that can be used to integrate indigenous into the mainstream 

of the economy, where they can meaningfully participate. We construct a multi-stage stochastic 

programming model to value IEE contracts. Establishing an IEE share trading platform allows indigenous 

to buy and sell shares amongst themselves. The paper is organized as follows; Section 2 defines the model 

inputs and explains the IEE contract pricing model. The methodology is presented in Section 3, and the 

Latin hypercube sampling method is explained. The results in the form of graphs and tables are presented 

in Section 4. Section 5 presents the discussion and Section 6 concludes.  

2. MODEL FORMULATIONS 

In formulating the model, we make some assumptions. We assume that the IEE Company is financed by 

Vendor Company and periodic IEE association contributions. In this regard, we assume that IEE 

beneficiaries form an association and contribute a flat amount of money agreed by all members for a defined 

period of time.  
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The variety of associations may be formed such as; village associations, women associations, clothing 

industry associations, security guards association, till operators associations, youth associations, blind 

people associations, handicapped associations, teachers associations, men associations, and churches 

among other associations. The association member who contributes is issued with a share certificate after 

paying the required amount. However, rules and regulations need to be put in place to make sure the special 

purpose vehicle is well managed. Each association’s contributor is expected to receive dividends after a 

certain period of time has elapsed and anyone who wishes to withdraw from the association will receive 

lower amount than the total contributed. The reason is to discourage members from pulling out and to 

stabilize the market.  We further assume that the government guarantees the IEE transactions in case of 

beneficiaries fail to owner their obligation and to allow smooth transition of shares.  

To enter into the contract to buy IEE shares, the contract value should be defined and as has been proposed 

by (6) and (8), we value the contract as an American call option. Now we formulate a multi-stage stochastic 

programming contract value model with recourse. We start by defining notations and parameters of the 

model. 

Definition of Sets 

Ss   The set of scenarios 

Tt   Set of time periods 

Deterministic Variables 

   Average share price 

   Standard deviation of share price 

fr   Risk-free rate of return 

K   The total debt owed to the financier 

Random Data 

tB   The Brownian motion, where Tt  

sQ1   The stock price at 1t , and Ss  

s

tQ   The stock price in each period, where Tt  

Decision Variables 

sw1   Wealth at time 1t  and Ss  

s

tw   Wealth accumulated, where Tt  and Ss  

sv1   Quantity bought at time 1t  and Ss  

s

tv   Quantity of IEE shares bought, where Tt  and Ss  

A Multi-Stage Stochastic Programming Model with Recourse 
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The equation [1] is the objective function to maximize wealth at the end of the horizon period. Constraint 

[2] and [3] are stage 1 constraints, which are initial share price and initial wealth, respectively. The 

constraint [4] is the new underlying share price given the previous share price at a random rate of return, 

where 
t

s

t Btr 
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2

. By the no arbitrage rule, therefore the price of the option must be wealth 0w

. The constraint [5] is the total wealth accumulated at time t  assuming that the previous wealth has yielded

frs

t ew 1 . The IEE investor cannot buy more than what has been designated to him, and this is represented 

by constraint [6]. Constraints [7] are non negativity constraints. 

According to (2) and (7), we define the wealth function as  
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where  s

t

s

t Qtw 11 )1(    is the amount of cash we hold between 1t  and t  and invested at a risk free rate 

fr  and at time t , will worth   frs

t

s

t eQtw 11 )1(   . We have assumed that the underlying share is paying 

dividends and here it is represented
s

t

s

t Qtt 1)1(   , where 
s

t  is the dividend rate on scenario s . The value 

of shares at time t  is 
s

tQt )1(  . Further, we assume that share return scenarios were generated by the 

following model  

    trCIr

s

tr  
      [9] 

Where 
s

tr is the random share return, 
r is the mean return, CI is the standard confidence interval at level 

CI , 
r is the standard deviation of share return and t is standard normal error with mean 0 and standard 

deviation 1. 

3. METHODOLOGY 

The stochastic programming models provide methodologies for pricing IEE contracts with asset returns as 

random variable and taking corrective actions. It specifies a sequence of investment decisions over time 

that maximise the expected wealth at the end of the planning horizon.  
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Secondary data from Zimbabwe Stock Exchange was used to test the model. Lingo 14.0 software was used 

to solve the multi-stage SP models. The dynamics of asset returns are explicitly modeled through postulated 

scenarios. The scenarios are not restricted to follow any specific distribution or stochastic process.  

A scenario approach was used for different time horizon cases, which are 4-year, 6-year and 7-year horizon 

times. The associated probabilities can be adjusted so that the effect of different returns can be measured in 

the most realistic manner. A mathematical model to model uncertainty in asset returns was developed and 

is represented by equation [9]. Each scenario is a limited representation of the uncertain elements of the 

problem and one sub-problem is generated for each scenario. 

The sample is selected from a set of companies listed on the Zimbabwe Stock Exchange. The companies 

listed are from different sectors of the economy which are; property, retail, manufacturing, agriculture, 

mining, telecommunication, financial and service industry. From the population, we specifically chose the 

property, manufacturing and retail due to readily availability of data. 

We used the Latin hypercube sampling method to sample input asset returns. The first step is dividing the 

interval  1,0  into three or four equal sub-intervals, depending on the sample size defined per period. A 

probability is randomly picked within each segment using a uniform distribution and then mapped to the 

correct representative value x  in the variable's actual distribution. Here, we pick a y -value in each sub-

interval and determine the corresponding x -value. The corresponding value of x  becomes our return. To 

select a random number within each of these sub-intervals from ay   to by  , we choose  

      Rabay       [10]  

where  1,0R is a random number. The method enforces y -value somewhere between a andb . We need 

to note that if the number of iterations is n , it implies that the number of intervals will be n , and in each 

interval, only one value is considered and the interval is marked. Once the interval has been marked, it 

implies that we are no longer going to select any value from the marked interval. The Latin hypercube 

sampling method has been chosen because it incorporates outliers which live on the tails of the distribution, 

where y  are very near 0 or 1, and the corresponding x  is very negative or very large. The very negative 

value of x  implies market crash and very large value of x  implies a roaring bull. 

Table 1: Statistical Characteristics of Daily Share Prices 

 Dawn Properties 

 (US Cents) 

19/02/09-30/09/14 

Delta 

(US Cents) 

19/02/09-30/09/14 

OK Zimbabwe 

(US Cents) 

19/02/09-30/09/14 

Mean 1.1204 56.5700 12.2859 

Standard Deviation 0.5117 16.1214 6.4282 

Skewness 3.2011 -0.3032 0.7322 

Kurtosis 20.1519 -0.2818 0.2787 

Minimum 0.6 12.00 0.5 

Maximum 7 82.00 30 
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4. RESULTS  

We test the constructed model for Dawn Properties Limited, Delta Corporation Limited and OK Zimbabwe 

Limited subject to different time horizons and sensitivity analysis. The base share value is 51% of the mar-

ket capitalization as per regulation in all the three companies. The outstanding debt is a simulated value not 

reflecting the actual value. We start by presenting the share price trend analysis of the chosen counters. 

Share price velocity [A1] and acceleration [A2] formulas are shown in Appendix.  

(a)  

Figure 1: Dawn Properties Limited Daily Share Prices 

 
         (b) 

The Figure 1(a) represents the time series plot of Dawn Properties Limited shares price. In the year 2009, 

the prices were higher compared to 2014 which are not changing much. The Figure 1(b) and (c) show the 

share price velocity and acceleration, respectively. There is less significant change in share price as the 

variation is very close to zero. 
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                   (c) 

Table 2: Dawn Properties Limited IEE Contract Valuation Analysis 

 Base values Sensitivity Analysis 

1                    2                    3                      4         

Common Parameters: 

Share values ($m) 

Outstanding Debt ($m) 

Risk-free rate (%) 

Volatility (%) 

 

10,025 

8 

12 

45.67 

 

12         11         7           6 

8          8          8           8 

12         12         12          12 

45.67      45.67      45.67       45.67   

4 Year Horizon Cases 

Contract Value ($m) 

Decision 

 

1.878591 

Invest 

 

3.646537   2.751374   1.000009    2.000018 

Invest     Invest     Abandon     Abandon 

6 Year Horizon Cases 

contract Value ($m) 

Decision 

 

1.819927 

Invest 

 

3.576322   2.687008   1.000014    2.000028 

Invest     Invest     Abandon     Abandon 

7 Year Horizon Cases 

Contract Value ($m) 

Decision 

 

1.834563 

Invest 

 

3.593844    2.703069   1.000016   2.000032 

Invest      Invest     Abandon    Abandon 

The Table 2 shows the IEE contract values assuming that the outstanding debt is constant. The investor is 

prepared to accept the shares if the share value is higher than the outstanding debt. Under base values, the 

contract value is higher in period 4 compared to year 7. In cases 1 and year 4 contract values are the highest 

and lowest in year 6. However in cases 3 and 4, the contract values are highest in year 7 and lowest in        

year 4. 
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                    (a) 

 
                      (b) 

Figure 2: Delta Corporation Daily Share Price Movements 

 
                      (c) 

The Figure 2 (a) shows the Delta Corporation Limited daily share price trend. The trend depict that the 

share price is increasing significantly compared to year 2009. The share price velocity and acceleration are 

represented by Figures 2(b) and (c), respectively. The share price velocity and acceleration show that the 

share price is changing significantly either upwards or downwards. 
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 3. Delta Corporation Limited IEE Contract Valuation Analysis 

 Base values Sensitivity Analysis 

1                    2                   3                      4         

Common Parameters: 

Share values ($m) 

Outstanding Debt ($m) 

Risk-free rate (%) 

Volatility (%) 

 

778.649 

600 

12 

28.50 

 

1000       900        500         400 

600        600        600         600 

12         12         12          12 

28.5       28.5       28.5        28.5 

4 Year Horizon Cases 

Contract Value ($m) 

Decision 

 

164.8466 

Invest 

 

362.9737   273.4656   99.99190   199.9838 

Invest     Invest     Abandon    Abandon 

6 Year Horizon Cases 

Contract Value ($m) 

Decision 

 

160.2833 

Invest 

 

357.1072     268.1878      99.98785          199.9757 

Invest    Invest     Abandon     Abandon 

           

7 Year Horizon Cases 

Contract Value ($m) 

Decision 

 

161.4163 

Invest 

 

358.5592   269.4957  99.98583    199.9717 

Invest     Invest    Abandon     Abandon 

 

Referring to Table 3, the 4-year horizon case has a highest contract value in all sensitivity cases. The 6-year 

horizon case has the lowest contract value in base value and cases 1 and 2. However in cases 3 and 4, 7-

year horizon has the lowest contract value.                       

 
                  (a) 
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                  (b) 

 
                   (c) 

Figure 3: OK Zimbabwe Limited Daily share Price Movement 

The OK Zimbabwe Limited daily share price movement is presented in Figure 3(a). The price velocity and 

acceleration are shown in Figure 3(b) and (c). During years 2009 and 2010, the share price was rising 

steadily and in year 2013, the share price increases at an increasing rate. However in year 2014, the share 

price starts to decrease slowly.  
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Table 4: OK Zimbabwe Limited IEE Contract Valuation Analysis 

 Base values Sensitivity Analysis 

1                      2                    3                    4         

Common Parameters: 

Share values ($m) 

Outstanding Debt ($m) 

Risk-free rate (%) 

Volatility (%) 

 

101.398 

95 

12 

52.32 

 

110         105        90         84 

95          95         95         95 

12          12         12         12 

52.32       52.32      52.32      52.32 

4 Year Horizon Cases 

Contract Value ($m) 

Decision 

 

6.543832 

Invest 

 

14.20985    9.734042    5.000046   11.00010 

Invest      Invest      Abandom    Abandom 

6 Year Horizon Cases 

Contract Value ($m) 

Decision 

 

5.916253 

Invest 

 

13.56613    9.119560   5.000069   11.00015 

Invest      Invest     Abandon    Abandon 

7 Year Horizon Cases 

Contract Value ($m) 

Decision 

 

6.064255 

Invest 

 

13.72670    9.272827    5.000081   11.00018 

Invest      Invest      Abandon    Abandon     

In base case, cases 1 and 2, from Table 4, a 4-year horizon have highest contract values compared to years 

6 and 7. The 6-year horizon has the lowest contract values in base, 1 and 2 cases. However in cases 3 and 

4, a 4-year horizon has the lowest contract and a 7-year horizon has the highest. 

From the Tables 2, 3 and 4, the IEE investor is the American call option holder and at termination if the 

value of the shares is higher than the outstanding debt, the IEE investor keep the shares and pay off the 

outstanding debt or may surrender the sufficient shares to pay the debt. However, if the share value is lower 

than the outstanding, the IEE investor surrenders their shares and walk away from the debt. However, in 

real life the outstanding debt may increase or decrease depending on share performance and agreed periodic 

cash payments. 

5. DISCUSSIONS  

The effective use of a quantitative model to value IEE investment contract is limited by the need to calculate 

the model's inputs, especially the value of the outstanding debt. If the inputs are improperly calculated, then 

the results from using the model will be incorrect. In this case, the value of the outstanding debt can be 

estimated by equation [11] 

      tttttttt ZQvQvKK  0     [11] 
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where 0K
is the initial outstanding debt, tK

is the debt outstanding at time t , tv
 is the quantity of shares to 

be purchased, 
 1,0t  is the proportion of profit and tZ

is the total amount contributed by association 

members towards acquiring IEE shares. The dividends yield, profits and total association contribution is 

denoted by ttttttt ZQvQv  
. In valuing IEE contracts, the interaction of the time to expiration and the 

share price distribution assumptions have an impact on the contract value. Referring to Figures 1, 2 and 3, 

if the share price increases, for example the Delta Corporation Limited and OK Zimbabwe Limited, the IEE 

investor will benefit because the dividends and profits increase and are used to pay the outstanding debt. It 

is of prime importance that the vendor company declares high dividends in early years to roll down the 

outstanding debt. However, we need point out that empowerment players want to cash in at a later stage 

and do not want to wait too long to do so, so it is of utmost importance to pay dividends at later stages. We 

need to note that the outstanding debt rolls-up with interest earned and rolls-down with dividends, profits 

and periodic cash payments. From Tables 2, 3 and 4, it seems as if shorter horizon time leads to higher 

contract value. This assertion is in tandem with the theorem that longer investment periods are riskier than 

shorter periods.  

To enable IEE shares transactions; the Zimbabwe Stock Exchange should establish counters for IEE shares 

to allow trading to take place. In addition, a hybrid classes of IEE shares need to be created to cater for all 

social groups in the country. It has been noted that in some instances the IEE shares are less valued compared 

to general companies’ shares due to investors and market makers perception. Not all companies are listed 

and will be listed, therefore if the company is not listed on the stock exchange, the rules and regulations 

must be crafted to allow over-the-counter trading to take place. 

The IEE Company can be funded by either institutional financing or vendor financing or a mixture. 

However the IEE beneficiary may fail to honour the debt due to different reasons, and he may lose the stake 

and there will be no change on economic status. Some IEE investors may fail to fulfill the debt obligation 

due to lack of commitment. So to be committed to the contract, the IEE investor needs to contribute a 

defined periodic cash payment, because just getting shares without contributing is tantamount to create 

conflict and reluctant to have a say on the affairs of the company.  

6. CONCLUSIONS 

To incorporate majority of poor and disadvantaged indigenous in the main stream of the economy, we 

propose incorporating indigenous through inviting public indigenous associations to purchase shares in 

indigenisation and economic empowerment scheme. The first preference should be given to the rural, 

unemployed, disadvantaged, women, physically challenged and lowly paid indigenous population. In 

addition, we propose the score card to be used in implementing indigenisation and economic empowerment 

policy to different sectors of the economy and companies. The commitment to the spirit of indigenisation 

and economic empowerment and participation of all Zimbabweans will make the scheme a resounding. We 

need to note that potential indigenous shareholders need to be educated on trading and wealth objectives of 

owning shares.  
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The low level of access to finance and capital resources by indigenous investors has been and is still the 

main challenge relating to the transfer of ownership and control to indigenous investors. Therefore the lack 

of access to funds should be factored in shaping the IEE transaction structures. The vendor company should 

be encouraged to finance the IEE Company and also the IEE investors should contribute towards clearing 

the outstanding debt. Allowing the company to finance purchases of their equity can improve the value of 

the company by effectively increasing leverage and is cheaper than institutional financing. The government 

should craft legislation that incentivises IEE schemes such as tax exemption and tax deductions. A typical 

incentive example can be tax deductions given to vendor companies that are facilitating IEE share transfers 

for a defined period. On the other hand, the IEE investor may receive a certain value of shares at a free-tax 

rate for a given period.  Hence there is need for cohesion of tax and IEE legislations.  

There are good arguments on whether IEE has positive or negative effects on productivity, investment and 

growth. IEE does have some benefits to both the investor and the company itself. The initial advantage is 

that it helps to preserve property rights if the firm fears expropriation. Secondly, being IEE compliant give 

firms greater access to government contracts. Finally, the IEE companies may determine regulations that 

might influence their profitability. Therefore, if IEE is applied correctly, the process will create jobs for 

many Zimbabweans. So in this regard, companies need to embrace IEE and implement empowerment 

measures in a way that is beneficial to doing business.  

To conclude, the contract value can be valued well as an American call-option using a multi-stage stochastic 

programming model with recourse than other existing option pricing models such as Black-Scholes and 

Binomial models. A scorecard system can be adopted to ensure flexibility as indigenisation and economic 

empowerment is established across a diverse economy, with diverse and unique companies operating in 

various sectors. Further research can be done on other models that can be used to value IEE contract values. 

The appropriate method to value of the outstanding debt needs further investigation.  

APPENDIX 
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ABSTRACT 

This study sought to establish gender specific barriers affecting females’ participation in small to medium 

entrepreneurial activities in one rural district of Zimbabwe. The descriptive survey design was chosen for 

the study. A target population of two hundred female small to medium entrepreneurs was divided into 

categories through stratified random sampling. Forty female small to medium entrepreneurs were selected 

to participate in the study. Data collection was done through the use of questionnaires and interviews. 

Descriptive statistics was employed in the analysis of quantitative data while qualitative data was analysed 

according to emerging themes. The study revealed that females’ participation in small to medium 

entrepreneurial activities is of paramount importance to socio-economy growth of the community. 

Information from the analysed data also revealed that females in rural areas face gender specific barriers 

when participating in small to medium entrepreneurial activities. Community sensitization on the 

importance of females’ participation in small to medium entrepreneurial activities and provision of adequate 

moral and financial support is recommended. Thus with this notion it is probable that the gender specific 

indignations may be curtailed.   

Keywords: Gender specific, small to medium, entrepreneurial activities, barrier and female entrepreneur.    

1 INTRODUCTION 

Society perpetuates certain behaviors among males and females through the way they are brought up (1).  

African culture has; since time immemorial looked down upon females, placing them in subservient 

positions. According to Post, et al., the role of females in most patriarchal societies has largely been that of 

child bearing and sustenance of the family (2). It is believed that males are born with certain natural abilities, 

aptitudes or talents that are different from those of females (1).    

The recurrence of gender concerns, despite decades of gender activism, illustrates that gender disparities 

are still embedded in the Zimbabwean social, political and economic system (3). However, on the turn of the 

millennium in Zimbabwe, the concept of promoting females’ political and socio-economic emancipation 

and empowerment has gained greater attention resulting in them emerging as key players in the realm of 

small to medium entrepreneurial activities. The number of female owned businesses set ups has increased 

at a record setting during the recent times (4). The participation of rural females in small to medium trade 

and business does not only improve their own welfare but also the welfare of their family. Females are 

responsible for almost two-thirds of consumer spending worldwide and they invest most of their income in 

education and health of their families, providing real social impact and inclusive growth (5).  

There has been an increase in the number of females discovering the best way to break ‘glass ceiling’ that 

prevents rising to the top of many organisations is to start their own businesses (6).  
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It seems surprising that the percentage of female entrepreneurs is higher in countries where the general 

income per capita is small and where females have no option of making a living and lower in countries 

where the general income per capita is high (7). This has been explained to be a result of difference between 

‘necessity’ and ‘opportunity’ entrepreneurship, with necessity entrepreneurship being prevalent among poor 

females who are influenced by push factors to become entrepreneurs more than pull factors.  However, even 

in business activities females opt to be, they continue to face challenges (8).  

Gender stereotyping is prevalent in different settings including the home and workplace. Most patriarchal 

societies allocates power and privileges mainly to males, leaving females with relatively less economic and 

political power than males (2). These challenges are not peculiar to the United States of America only but 

even females entrepreneurs in Africa face challenges both at work and in conducting business (9). Females 

are regarded as subordinate to males regardless of their age or educational accomplishment (4). Rural 

females’ participation in labour force is complicated by the fact that females are subjected to a number of 

coded and unwritten social mores in a patriarchal, male dominant society that has traditionally restricted 

their entrepreneurial endeavour (10).  

According to Bardasi, et al. the existence of gender related barriers can thwart the economic potential of 

rural females as entrepreneurs and such barriers have an adverse impact on entrepreneurial development, 

productivity, and competitiveness in Africa (11). Although business related barriers in one rural district of 

Zimbabwe are jointly experienced by both female and male entrepreneurs, it is claimed that females face 

unique and additional barriers when starting up and running business despite the existence of an enabling 

gender policy framework (12) which advocates for an affirmative action to give equal employment and 

business opportunities to both sexes at all levels in industry and commerce. This prompted the researcher 

to conduct a study to establish the gender specific barriers affecting the participation of females in one rural 

district of Zimbabwe in small to medium entrepreneurial activities.  

2. OBJECTIVES OF THE STUDY 

The study was guided by the following objectives: 

1. Identify the importance of females’ participation in small to medium entrepreneurial activities. 

2.  Establish challenges faced by females when participating in small to medium entrepreneurial 

activities. 

3. METHODOLOGY 

The study adopted a descriptive survey design as it is concerned with conditions or relationships that exist. 

The design enabled the researcher to make predictions, narration of events, comparisons and drawing 

conclusions based on the information obtained from relatively large and representative sample of the target 

population. This method assists the researchers to collect detailed descriptions of existing phenomena with 

the intent of employing the data to justify current conditions and practice or to make more intelligent plans 

for improving social, economic or educational conditions and process (13).  
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Saunders, et al. highlighted that it was advantageous to use a descriptive survey in a study due to its 

flexibility; as either qualitative or quantitative data or both could be used, thereby giving the researcher 

greater options in the selection of data collection instruments (14).    

Stratified random sampling was done to select a representative sample. The population of two hundred 

female small to medium entrepreneurs were split into distinguishable categories that were quite different 

from each other. From each category separate random samples were taken and put together to form the 

sample of forty female small to medium entrepreneurs creating a 20% representation of the target 

population. Stratified sampling procedure provides more precise estimates if the population being surveyed 

is more heterogeneous than the categorized groups, can enable the researcher to determine desired levels of 

sampling precision for each group and can provide administrative efficiency (15). A sample of 10 - 20% of 

the target population is large enough to allow for reliable data analysis by cross tabulation, provides desired 

level of accuracy in estimates of the large population (16).     

In soliciting data from the primary source of information, the researcher used a semi-structured 

questionnaire and conducted interviews. The items of questionnaire were classified under the two basic 

objectives of the study. It comprised of the following: the first section was centred on the demographic data 

of the respondents; the second section sought data on the importance of rural females’ participation in small 

to medium entrepreneurial activities. The third section of the questionnaire was aimed at soliciting data on 

challenges encountered by females when participating in small to medium entrepreneurial activities. 

Responses to closed questions were given on a Likert scale with four response categories. Thus, there was 

no neutral middle category. This was chosen to prevent respondents from using a middle category as I don’t 

know or I don’t care response (17).  After gathering all the completed questionnaires from the respondents, 

total responses for each item were obtained and tabulated. Frequencies and percentages were used to reduce 

the responses making them easier to work with and to interpret. The collected data was summarised on 

tables, with the presented findings used to draw conclusions for the study. 

The assumption that respondents have had a particular experience was used to select the interviewees to 

solicit elaboration on the topic under study. The interview guide was used to validate primary data solicited 

through a questionnaire. The semi-structured interview guide which contained similar idea with the contents 

of the semi-structured questionnaire was used to solicit data from ten purposively selected females small to 

medium entrepreneurs from all the wards in one rural district under study. Not only did the data from the 

individual interviews facilitate better understanding of the motive behind the responses from the 

questionnaire, but they revealed some strong, almost emotional responses to the issue under-study. The 

open-ended questions enabled the interviewer to probe further, giving the interviewees a chance to qualify 

their responses (18).  In the study responses given during the face-to-face interview were recorded by means 

of both field notes and tape recording. The responses from the respondents were then transcribed, coded 

and ‘analyzed by hand’ according to emerging themes.     

Triangulation through multiple methods of data collection and sources of information was intended to 

ensure the validity of the data.  Interviews with rural females and the questionnaire validated some of the 

information relating to the issues under study (19).  
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On completing the questionnaire, respondents were guaranteed anonymity such that they were free to give 

accurate and authentic information without fear of reprisals. In view of the measures taken during data 

collection, the data may be considered to be validity and reliability.  

4. FINDINGS  

This section presents research findings in line with the objectives that guided the study. A total of forty 

female small to medium entrepreneurs responded to the questionnaire. Ten randomly selected female small 

to medium entrepreneurs were interviewed. The responses were then categorised into various groups based 

on similarity and relevance to the topic under discussion.  

4.1 Characteristics of the Respondents 

This section presents data on respondents’ age range, marital status and level of education. The researcher 

found it paramount to find out the respondents’ demographic data since they form the basis under which the 

interpretations of the collected data would be justified. 

Table 1: Demographic characteristics of the respondents (n=40) 

Age Range (Years) (n) (%) 

20-29 3 7.5 

30-39 8 20 

40-49 13 32.

5 

Above 49 16 40 

Marital Status 

Single 16 40 

Married 10 25 

Divorce/Widowed 14 35 

Level of Education 

ZJC 5 12.5 

‘O’ Level 23 57.5 

‘A’ Level 9 22.5 

Tertiary 3 7.5 

In this study most of the respondents (40%) were in the age range of above 49 years. This brings out the 

idea that females in rural areas embark on small to medium entrepreneurial activities at a late stage of their 

life. In terms of marital status, 40% of the respondents were single, with 35% being divorced or widowed.   

From this the researcher noted that most females were involved in small to medium entrepreneurial 

activities due to socio-economic obligations.  

From the sample, 12.5% of the respondents were up to Zimbabwe Junior Certificate level of education. This 

poses danger to their entrepreneurial activities as they will be lacking basic business management 
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knowledge and skills due to low level of education. In this, the entrepreneurial activities will be run on 

instinct.   

Very few females (7.5%) in rural areas prefer to participate in small to medium entrepreneurial activities 

after attaining tertiary education qualifications as they will be looking forward to better job opportunities 

in urban areas.  

4.2 The importance of females small to medium entrepreneurs in trade and business 

In order to elucidate the study objectives, the discussion of the findings is divided into two parts. The first 

part addresses the first objective of the study which sought to identify the importance of females’ 

participation in small to medium entrepreneurial activities. The respondents were given a series of questions 

to respond to and the responses were as follows.  

Table 2: Females’ participation in small to medium enterprise activities (n=40) 

Variables Strongly 

Agree 

Agree Disagree Strongly 

Disagree 

(n) (%) (n) (%) (n) (%) (n) (%) 

A. Valuable  tool to promote gender 

equity and  equality 

              

26 

            

65 

                 

8 

               

20 

                

4 

              

10 

               

2 

                     

5 

B.  Empowering rural females 18 45 13 32.5 3 7.5 6 15 

C. Bring more females into leadership   

positions in society 

               

13 

 

32.5 

               

19 

 47.5                 

5 

 

12.5 

                

1 

              

2.5 

Most respondents (65%) strongly agree to the notion that participation of rural females in small to medium 

entrepreneurial activities is a valuable tool to promote gender equality and equity in business. Slightly below 

half of the respondents (45%) indicated that their involvement in small to medium entrepreneurial activities 

enables female entrepreneurs’ expansion of knowledge, skills and decision making bases giving them the 

capability and capacity to exercise influence and leadership on their own. This is a clear indication that 

females are aware of the government’s policy which advocates for equal participation in all spheres of the 

economy. Slightly below half of the respondents (47.5%) noted that the participation of rural females in 

small to medium entrepreneurial activities bring more females into leadership positions in the society.   

During the interview one of the respondents also gave some weight to the view that; rural females’ major 

roles are no longer centred on their homes:                                   

 Life is slowly changing from the belief that daughters are groomed for marriage roles of wives and mothers 

to that of occupying influential posts in all spheres of life. 

Thus through rural females’ participation in entrepreneurial activities can lead them to also occupy 

influential leadership positions in the society. When rural females are economically powerful they can 

compete equally with male counterparts. With reference to the equality and equity framework, it is assumed 

that males and females have an equal ability to engage in small to medium entrepreneurial activities. As 

such, the males’ role in promoting gender equity and equity in entrepreneurialism is to avoid treating males 

and females differently. The full participation of females in small to medium entrepreneurial activities 
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represents a significant opportunity to unleash productive potential and to strengthen socio-economic 

growth of the community in one rural district of Zimbabwe.  

4.3 Challenges encountered by female small to medium entrepreneurs in trade and business  

The second part of the discussion illustrates the objective of the study that sought to establish challenges 

faced by females when participating in small to medium enterprise activities. To provide answers to the 

objective respondents were asked a series of questions whose responses are discussed. 

Table 3: Barriers to females’ participation in small to medium enterprise activities (n=40)  

From the collected data, 45% of the respondents strongly agree to the fact that there was a communication 

gap between males and females in small to medium entrepreneurial activities. Slightly below half of the 

respondents (40%) are in agreement with the notion that gender stereotyping was a barrier to rural females’ 

participation in small to medium entrepreneurial activities. These findings are similar to those of Kainuwa 

and Yusuf who noted that in African traditional societies, cultural norms and values dictate that the major 

role of the woman is centred on maintaining the home-front (20). 

A rural female entrepreneur explained:                                                                                                                                  

Here in our community, I am one of the very few female entrepreneurs ... but the going is tough as there is 

little support in form advice from the male counterparts who have been in the trade for quite some time. 

Thus it seems as if they have reservations on our competence and capability as female entrepreneurs.  

 

Variables  

Strongly 

Agree 

Agree Disagree Strongly 

Disagree 

(n) (%) (n) (%) (n) (%) (n) (%) 

Social Factors 

A. Communication gap with males  18 45 10 25 8 20 4 10 

B. Gender role stereotyping 16 40 18 45 1 2.5 5 12.5 

C. Dual nature of females’ responsibili-

ties 

2 5 6 15 9 22.5 23 57.5 

D. Limited  power to make decision in 

the family  

17 42.5 13 32.5 6 15 4 10 

E. Cultural expectations 21 52.5 13 32.5 6 15 0 0 

          Economic Factors 

A. Limited access to start up and growth 

capital 

25 62.5 10 25 4 10 1 2.5 

B. Business management skills 19 47.5 14 35 3 7.5 4 10 

C. Appropriate training network   11 27.5 17 42.5 10 25 2 5 

D. Limited negotiating powers 21 52.5 8 20 6 15 5 12.5 

E. Gender policy guidelines 4 10 7 17.5 10 25 16 40 
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Thus, this is a clear indication that in most rural areas; the highest number of those participating in small to 

medium entrepreneurial activities is that of males and this makes the female entrepreneurs feel as if 

entrepreneurialism is not for them.  

Most of the respondents (57.5%) strongly disagree with the notion that dual nature of females’ 

responsibilities is a barrier to their participation in small to medium entrepreneurial activities. This shows 

that rural females are realising that being mothers and wives does not stop them from actively taking part 

in trade and business for their socio-economic transformation. However, 42.5% and 52.5% of the 

respondents are strongly in support of the notion that limited power to make decision in the family and 

cultural expectations respectively can be barriers to rural females’ participation in small to medium 

entrepreneurial activities.  

A rural female entrepreneur gave some weight to the view that, one reason females do not advance in small 

to medium entrepreneurial activities may be gender stereotyping in their interactions. One entrepreneur 

asserted that there is lack of recognition by some males that rural females can succeed in small to medium 

entrepreneurial activities: 

There are males who are stopping females in their business tracks. The expectations of what rural females 

can do and achieve in business are too low. For example, one female who really had the potential and 

capability to do well in the business was discouraged by some males who thought that she would never 

succeed without involving them. 

This concurs with World Bank findings which noted that cultural and social traditions play a large role in 

determining who becomes an entrepreneur; for example, social conditions inhibit females from starting 

their own businesses (21).  

From the study 62.5% and 52.5% of the respondents strongly agree to the notion that rural female 

entrepreneurs have limited access to start up and growth capital and limited negotiating powers respectively. 

Thus most financial institutions require co-lateral for one to access a business loan, which is difficult for 

rural female entrepreneurs as in most instances the assets are registered in the name of their husbands.  This 

concurs with Purrini who noted that economic development and support to rural female often fail to 

recognise the specific obstacles that women face while accessing such assistance schemes like local and 

central government subventions, training, consulting as well as business grants (22).  

A few respondents (40%) do not regard the gender policy guidelines as a barrier to their participation in 

entrepreneurial activities. This shows that rural female entrepreneurs are aware of the existence of the 

gender policy which advocates for equitable access to, control and ownership of productive resources to 

reduce poverty, especially to the disadvantaged (12).   

This concurs with the findings by Mahood, et al. who noted that policy makers are actively promoting 

measures to support female entrepreneurship in the belief that just as the presence of female in the labour 

market has progressively increased; gender differences in the business sector will steadily decrease in the 

future (7). 
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Nevertheless, the findings show that access to start up capital, appropriate training network, negotiating 

powers and business management skills, were generally biased against the rural females. The rural females 

pointed out that they have limited access to start up and growth capital for trade and business purposes.  

The reason for this could be that males do not seem to recognise that rural females can also succeed in small 

to medium entrepreneurial activities as stressed in the interviews conducted. With these tendencies being 

exhibited in the society it appears there are gender specific barriers affecting rural female participating in 

entrepreneurial activities.    

5. CONCLUSIONS 

According to the gender neutral approach to entrepreneurialism (23), society should actively work to change 

barriers to rural females’ participation in small to medium entrepreneurial activities. The full participation 

of rural females in small to medium entrepreneurial activities represents a significant opportunity to unleash 

productive potential and to strengthen socio-economic growth of the community. However in this study, the 

findings indicate that the following social barriers: communication gap with males, gender stereotyping and 

cultural expectations were affecting the participation of rural females in entrepreneurial activities. It was 

further revealed that rural female entrepreneurs face economic barriers such as limited access to start up 

and growth capital, business management skills, limited negotiating skills and appropriate training network. 

In conclusion, rural females face gender specific barriers when participating in small to medium 

entrepreneurial activities. Based on the findings of the study, community sensitization on the importance of 

rural females’ participation in small to medium entrepreneurial activities and provision of adequate moral 

and financial support is recommended. 
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ABSTRACT 

Banks remain at the centre of the economic and financial architecture of any country, and Zimbabwe is no 

exception. The country’s banking sector, though resilient, is currently facing a myriad of challenges that 

threaten the viability and sustainability of financial institutions and the future stability of the sector. The 

main purpose of this paper is to interrogate the relationship between Financial Development and Economic 

Growth in Zimbabwe for the period 1990 – 2013, using the Granger causality tests and time series regression 

and forecasting. Burgeoning literature exists in the public domain on the relationship between Financial 

Development and Economic Growth dominated the 20th century. Two hypotheses between financial 

development and economic growth namely the demand pull and supply leading hypotheses are put forward. 

The demand pull hypothesis states that the development of an economy tends to be followed by financial 

sector development while the supply leading states that development in the financial system leads to 

economic growth.  The supply leading hypothesis argued that the development in the financial system will 

lead to the growth of the economy. Thus from a theoretical perspective it is recognised that Financial 

Development is vital for Economic Growth. The paper adopts the following measures for Financial 

Development Bank credit to private sector (BCP) as a proxy to the banking system and stock market 

variables that is Turnover ratio (TR) and Value of shares traded (VST). Defining the direction of causality 

is critical because this has different implications for policy development. For banks to continue to play their 

role in supporting the various sectors of the economy, pragmatic steps must be taken by the government 

and the banks themselves in order to improve the operational landscape.  The results from the study support 

the supply leading hypothesis, with particularly the bank credit to private being the only variable that was 

to found Granger cause in economic growth. 

Keywords: financial development, economic growth, granger tests, casualty analysis 

INTRODUCTION 

The relationship between financial development and Economic growth has received much attention over 

and above the 19thcentury.Financial development and economic growth literature both empirical and 

theoretical has fuelled debate and controversy. The argument is embedded in growth theories with the neo 

- classical models dismissing the role of the financial system in affecting economic growth while the 

endogenous models advocate for the recognition of the financial system. Neo -classical growth literature 

suggests that the economic growth rate is a function of exogenous technical progress whilst in contrast the 

endogenous growth literature argue that economic growth is related to internal factors such as human 

capital, financial development, technology and income distribution. Schumpeter (1912) argued that a well-

functioning financial system helps facilitate economic growth as he acknowledged that finance was a vital 

cog in aiding the growth process.  
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Goldsmith (1969) was the first to incorporate the role of financial factors in models of endogenous growth 

theory to formalize the interaction between financial markets and economic growth. The models emphasize 

that productivity is most likely to be the channel of transmission from financial development to economic 

growth. Bencivenga and Smith (1991) argued that with the existence of financial markets more capital can 

be kept in productive investment which raises the rate of economic growth. Takaendesa and Odhiambo 

(2007) examined the direction of causality between financial development and economic growth in two 

Southern African countries, namely Zimbabwe and Malawi. Unlike the majority of previous studies, the 

study used five proxies for financial development against real GDP per capita a proxy for economic growth.  

The study sought to answer one critical question: Does financial sector development lead in the process of 

economic development (as postulated by the proponents of a supply-leading phenomenon) or it is the real 

sector growth which drives the development of the financial sector (as postulated by the proponents of a 

demand-following phenomenon) Using the Johansen and Juselius (1990, 1992) and the Hsiao’s (1981) test 

procedures, the results of this study reveal that the direction of causality between financial development 

and economic growth is sensitive to the choice of measurement for financial development. Overall, the 

study finds a distinct bi-directional causality to prevail in Malawi and a supply- leading response to 

predominate in the case of Zimbabwe. 

A natural question then concerns the direction of causality between financial development and economic 

growth, though some scholars have suggested that the relationship is obvious such that it doesn’t warrant 

any discussion. However Jung (1986) asserted that the direction of causality changes over the course of 

development. In his view, financial development is able to induce real innovation-type investment before 

sustained modern economic growth gets under way, and, "as the process of real growth occurs, the supply-

leading impetus gradually becomes less important, and the demand-following financial response. Four 

scenarios have emerged from the relationship between financial development and economic growth. The 

first and being the less common suggest that there is no relationship at all between the two. The second one 

suggests a uni-directional relationship finance development leads to economic growth, while the third one 

suggests a bi-directional relationship. Lastly and perhaps on the extreme suggest a negative relationship 

that financial development influence is anti-economic growth. However the general consensus is that 

financial development is a major pre-requisite for economic development. The ambiguity on the 

relationship of causality between financial development and economic growth has provided a challenge on 

developing policies that stimulate financial sector development visa-vi effect on the economy as a whole. 

The study seeks to assess the casual relationship between financial development and economic growth in 

Zimbabwe after the introduction of multi-currency, as this has profound implications for regulatory and 

policy makers, researchers and other economic participants as they seek to develop short-term and long-

term strategies to improve economic growth. The study uses granger causality tests in conjunction with the 

Ordinary Least Squares method. Measurement of financial development, in particular, seems more 

controversial because countries differ in their institutional environment and have drastically different 

financial structures according to their development stage. The rest of the paper is structured as follows. In 

section l provides an overview of the financial sector and the economy of Zimbabwe, section2 literature 

review and justification of variables used.  
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In section 3 we outline our data and econometric methodology. In section 4 findings and discussions are 

presented and their implications for the debate on financial systems. Finally in section 5 provides a summary 

and some concluding remarks. 

Overview of the Financial Sector Development in Zimbabwe  

Zimbabwe has over the years faced myriad of challenges ranging from the current acute Liquidity crunch, 

policy inconsistencies and a highly speculative environment. In Zimbabwe the regulation of the financial 

system is the responsibility of the Ministry of Finance alongside the RBZ. To analyse the development in 

the Financial Sector in Zimbabwe four phases will be the centre for analysis, namely the Post Independent 

(1980-1989), Economic Reforms (1990-1998), Crisis period (1999-2008) and Recovery period (2009-

2013). 

Economic Reforms 

In 1990 the government of Zimbabwe introduced five-year Economic Structural Adjustment Programme 

(ESAP) as a response to the economic crisis which had been afflicting the country since the 1980s. The 

measures introduced were: 

 Removal of price controls; 

 Removal of wage controls; 

 Reduction of government expenditure; 

 A 40 per cent devaluation of the Zimbabwean dollar; 

 Removal of subsidies on basic consumer goods; 

 Liberalising the foreign currency allocation system; 

 Removal of protection of non-productive import substituting industries and increased profit 

remittance abroad; and 

During this period saw a radical restructuring of the various parastatals and other public enterprises. 

Furthermore, in 1998, the Zimbabwe government launched the second stage of its economic structural 

adjustment programme, the Zimbabwe Programme for Economic and Social Transformation (ZIMPREST). 

ZIMPREST outlined macro-economic reforms through to the year 2000. The plan envisaged a real annual 

GDP growth of 6 per cent until 2000 and a creation of 44,000 new jobs per year. 

Ndlovu (2013:437) posit that following a period of economic contraction, 1998-2008 and the ultimate 

adoption of multi- currencies, there has been, reportedly, an improvement in real economic growth, amid a 

myriad of economic challenges emanating from the continuing socio-political and the infrastructural and 

regulatory deficiencies which has come along with it, leading to closure of a number of financial institutions 

due to various reasons. 

Recovery period 

The recent poverty report on the 2011-2012 Poverty, Income Consumption and Expenditure Surveys 

(PICES) (ZimStat 2013) reveals that 72.3% of Zimbabweans are poor, with poverty being most prevalent 

in rural areas, where 84.3% of people are deemed poor. 62.6% of households are deemed poor, whilst 16.2% 
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of them are in extreme poverty. Growth in total credit to the private sector is levelling off as it reached $3.9 

billion in December 2013.  According to the World Bank (2014),Average loan to deposit ratio for banks 

which steadily increased since 2009 remains elevated  at 94% in 2013. 

Vulnurabilities in the banking sector are rising amidst rising levels of non-performing loans (15.9% by 

December 2013), low liquidity levels (27.8% by December 2013) and rising credit risks especially in 

smaller banks. As solvency concerns increase in the banking sector, the RBZ has intensified the monitoring 

of troubled banks. 

In 2014 the financial sector continues to face changes thereby stifling economic growth and financial sector 

performance .The World Bank (2014) identified some of the challenges that are being faced by the financial 

sector in Zimbabwe which are the following. 

 easing international prices of minerals 

 unbalanced external position 

 liquidity challenges and very high real interest rates on short-term credit 

 ballooning wage bill in the public sector and the possible fiscal slippage 

 ailing and deficient infrastructure (lack of resources to rehabilitate infrastructure) and unreliable 

power supply 

 possible compression of exports on the back of the still fragile global economy 

 potential destabilizing effects of the indigenization program on the economy, and 

 disorderly unwinding of vulnerabilities in the banking sector 

Table 1.1 sources and access to loans by individuals in 2011 

Source Percentage 

Loan from a financial institution in the past year (% age 15+) 5% 

Loan from family or friends in the past year (% age 15+) 57% 

Debit card (% age 15+) 28% 

Credit card(% age 15+) 6% 

Account used to receive government payments (% age 15+) 10% 

Account used to receive remittances (% age 15+) 22% 

Saved at a financial institution in the past year (% age 15+) 17% 

Saved using a savings club in the past year (% age 15+) 11% 

Account at a formal financial institution (% age 15+) 28% 

Account at a formal financial institution, female (% age 15+) 11% 

Account at a formal financial institution, income, bottom 40% (% age 15+) 15% 

Account used to receive wages (% age 15+) 22% 

Source: World Bank 2014 
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Presently, the financial sector comprises the Reserve Bank of Zimbabwe (RBZ) at the apex, discount 

houses7, commercial banks, merchant banks, finance houses, building societies, the People’s Own Savings 

Bank (POSB), insurance companies, pension funds, venture capital companies, asset management 

companies, developmental financial institutions, the Zimbabwe Stock Exchange, microfinance institutions 

and money transfer agencies (that intermediate remittances). 

The monetary policy statement of august 2014  states that there are currently there are 19 operating banking 

institutions, comprising 15 commercial banks, one (1) merchant bank and three (3) building societies as 

well as one (1) savings bank and 156 microfinance institutions. 

With regard to Gross Domestic Product the Reserve Bank Governor in his monetary statement reported that 

it had been fluctuating from 1990 to 2014 as depicted in Figure1.1 below. 

Figure 1.1 GDP Growth rates 1990-2014 

 

Source: Reserve Bank monetary policy statement 2014 

While the GDP has been fluctuating it is surprising that the banking sector remained generally profitable as 

at 30 June 2014, with an aggregate net profit of $13.84 million for the half year ended 30 June 2014, up 

from $4.90 million during the corresponding period in 2013.  A total of 12 banks recorded profits for the 

period ended 30 June 2014. The losses recorded by the few banking institutions are attributed to high levels 

of non-performing loans, lack of critical mass in terms of revenue to cover high operating expenses and 

deliberate strategy by some banks to clean up bad loan books through provisioning. Makina (2009) states 

that the adoption of dollarization effectively meant loss of control of the money supply. Dollarization has, 

however, presented its own challenges. While it stabilized inflation, it has had a profound effect on the 

banking sector whose capital levels had been eroded by hyperinflation. Dollarization changes the nature of 

the central bank in fundamental ways. It cannot finance budget deficits through money creation.  
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Budget deficits can only be financed from international flows such as external loans (subject to favourable 

credit rating), aid flows and diaspora remittances. Makina (2009) asserts that the central bank’s stated goal 

of price stability can only be achieved through fiscal adjustments (over which it has no control), and the 

soundness of the banks. If the latter are not sound, the public would operate informally outside the financial 

system, a practice which increases the velocity of cash in circulation and hence distorts prices. 

The Reserve Bank Governor in monetary policy statement August 2014 outlined that after the introduction 

of the multi-currency system businesses and individuals rushed to obtain bank credit to expand (restocking, 

retooling, etc) their businesses which had been starved of cash during the hyper-inflationary era and the 

period, 2000 – 2008, of economic decline. Indeed banks responded by extending credit and the economy 

grew rapidly between 2009 and 2011 by an average of 10 % per annum. Unfortunately the expansion in 

credit to support the needs of business and individuals was done by utilizing highly priced short term 

funding to purchase long term assets, thereby creating unsustainable funding mismatches. The funding 

mismatches were done on the assumption or expectation that this phase was going to continue or that it was 

sustainable leading to many businesses going to the extent of adjusting salaries and wages to higher levels 

than what the economy could absorb. After 2012 the Reserve Bank Governor calls it the reality check time 

whereby with businesses now saddled with high debts, high cost of doing business characterized by high 

finance charges, high labour costs, antiquated or obsolete plant and equipment and the scarcity of long term 

international financial inflows. This adjustment phase or process has resulted in company closures, thus 

necessitating retrenchments, low production, high imports, narrowing tax base/revenues and the 

deceleration in economic growth.     

METHODOLOGY 

Model specification 

The objective of this study is to examine the causality and as well the impact of the Financial sector 

development on long-run economic growth in Zimbabwe. Jung (1986) stresses that Quantitative measures 

of both the financial and economic development of an economy are bound to be imperfect since these 

developments, like most economic data, are highly qualitative. The period 1990- 2013 was specifically 

chosen as a lot of economic adjustments and reforms were made. 

𝐸𝑐𝑜𝑛𝑜𝑚𝑖𝑐 𝐺𝑟𝑜𝑤𝑡ℎ = 𝛽0 + 𝛽1𝐹𝐷  + µ 

FD =Financial Development 

Granger causality Test 

Developed by Granger 1969, he postulated that a variable is said to Granger cause another variable if its 

present and past values can explain predict that variable. In this case financial sector development is said 

granger cause Economic growth if it present and past values help predict Economic growth. 

𝐺𝐷𝑃𝑡   = ∑𝛼𝑗  𝐹𝐷𝑡       + ∑𝛾𝑗 𝐺𝐷𝑃𝑡−1 +  𝑢𝑡                                         (1) 

𝐹𝐷𝑡  = ∑𝜌𝑗 𝐺𝐷𝑃𝑡 + ∑𝜏𝑗  𝐹𝐷𝑡−1 +  휀𝑡                                                (2) 
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Unit Root Testing 

The Augmented Dickey Fuller (ADF) was used to test for stationarity 

Co-integration Testing 

Co-integration regressions measure the long-term relationship between the variables whose existence 

guarantees that the variables demonstrate no inherent tendency to drift apart. We employ the Johansen 

Cointegration tests (Johansen1988; Johansen and Juselius, 1990), which set up the non-stationary time 

series as a vector auto regression (VAR) of order p: 

Definition and Justification of Variables 

Economic Growth 

It is measured mainly by the following , the gross domestic  product which is the total value of all goods 

and services produced by the resident population (GDP) and the gross domestic product per capita which 

is just the gross domestic product divided by the total population (GDP per capita).In addition we have the 

gross national product which is the total value of all output produced by the country’s populace regardless 

of where there are resident (GNP).The preferred measure under this study will be the GDP per capita since 

it consists of only the domestic income produced in the country while at the same time giving us the 

expected distribution of  the nation income to each individual. This is in line with other empirical studies 

such as Levine and Zervos (1996, 1998), Jecheche (2009) and Zivengwa et al. (2011) that used this measure 

of economic growth. 

Market Capitalization 

This is the market value of all listed companies at the end of the trading period. It is the most common 

measure of stock market development used in many studies since it captures the market size of the stock 

market. The expectation as that market expands capital resources should also increase and in turn are 

channelled to productive areas in the economy hence productivity should increase. 

Value of Shares Traded Ratio 

This is the value of shares traded during the transacting period divided by the GDP of that same period. It 

enters the study is a proxy of measuring the liquidity prevailing on the bourse over the total national income. 

The expectation is that it positively affects the economic growth rate since liquid markets facilitate the 

easiness of trading and exchange of financial instruments. This is in line with the work of Nazir et al. (2010), 

Zhou (2011) that made use of this variable in their studies. 

Bank credit to private sector 

A familiar measure of allocative efficiency in the financial sector, as the financial system development 

allocative efficiency is expected to improve. It is used as a proxy to credit to private sector (Jalil and Ma, 

2008).  
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Review of theoretical and empirical literature 

The general conflicting views between neo-classical growth theories and developments in endogenous 

growth theories on the relationship between the financial system and economic growth has generated a lot 

of debate over the year’s .Neo-classical growth theories suggest that the financial system does not lead to 

economic growth as the growth rate is a function of exogenous technical progress. In contrasts the 

endogenous growth theory holds that economic growth is primarily the result of internal forces rather than 

external forces such as human capital, investment, innovation and knowledge are essential for growth. 

Moving forward this study will further categorize this section into three categories with the view of 

determining whether stock market development affects economic growth. The first being what economic 

growth theory suggests about finance and economic growth. This will be followed by theory on finance 

development and economic growth. Lastly is stock market development and economic growth which the 

centre of interest under study. 

Economic Growth Theory 

 Two views, have over the years have been used to model growth namely the neo-classical growth theory 

and endogenous growth theory. The former is also referred to as the exogenous growth theory in line with 

its view that the growth rate is function of some external factors such as improvements in technology. 

According to Solow (1956), Swan (1956) and Cass (1956) the theory assumes that technical progress is 

exogenous and financial factors cannot therefore influence the rate of economic growth but only the 

equilibrium level of capital stock per worker. 

However, this was criticised in that it considered the growth rate as a function of external factors only thus 

implying that internal factors do not explain the growth rate. Romer (1986), Lucas (1988) and Rebelo (1991) 

addressed this short coming by internalising technical progress. Their modification of the neo-classical 

theories gave rise to what we now call endogenous growth theories. They recognised that there are internal 

factors that spur economic activity such as human capital development, services provided by the financial 

system and the existence of good institutions. This has reawakened interest among theorist about the 

relationship between financial development and economic growth. 

Financial Development and Economic Growth 

Schumpter (1912) is one of the pioneers, who provided pioneering theory in recognising the positive effect 

of financial sector to economic growth. He argued that a well-functioning financial system help facilitates 

economic growth. He identified technological innovation as the force underlying long-run economic growth 

and that the cause of innovation is the financial sector’s ability to extend capital to the entrepreneur. Patrick 

(1966) claimed two hypotheses between financial development and economic growth namely the demand 

pull and supply leading hypotheses. The demands pull hypothesis states that the development of an economy 

tends to be followed by financial sector development while the supply leading states that development in 

the financial system leads to economic growth.  The supply leading hypothesis is also supported by 

McKinnon (1973) and Shaw (1973) who argued that the development in the financial system will lead to 

the growth of the economy.  
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Their work is commonly referred to as the McKinnon-Shaw model hypothesize that financial liberalization 

and financial market development would promote economic growth through their impact on the growth of 

savings and investment. According to Greenwood and Jovanic (1990) a well-functioning financial 

intermediaries and markets ameliorate information and transaction cost. Thereby encourage efficient 

resource allocation and hence faster long run growth. In the models of Levine (1991) and Saint-Paul (1992) 

financial markets improve firm efficiency by eliminating premature liquidation of firms and enhance the 

quality of growth. 

Pagano (1993) suggested ways in which the development of financial system affects economic growth under 

the basic endogenous investment thus increasing economic growth model. First, it can increase the 

productivity of investments by availing capital that is vital in increasing business operations and thus 

increase output. Secondly an efficient financial system reduces transaction cost and thus increase the share 

of savings channelled into productive investment. Lastly efficient financial system improves the liquidity 

of investments hence accelerating growth. In summary financial markets affect economic growth by 

ensuring the efficient mobilization of capital resources and promote efficient allocation of capital resources. 

The stock market is an integral part of the financial market hence developments on the market from theory 

may affect economic growth. 

Some empirical studies that have been done also highlight different directions between development 

and financial sector 

Mhadhbi (2014) investigated the direction of causality between financial development and economic 

growth in Low-income countries. Our findings support the supply-leading hypothesis, as many financial 

development variables lead economic growth in Benin and Zimbabwe. Our results also confirm for twenty 

one Low-income Countries suggesting that their financial development does not depend on economic 

growth. 

Ray (2013) attempted to explore the relationship between financial development and economic growth in 

Indian context using granger causality test for the period, 1990-91 to 2010-11. The estimated results 

confirmed that financial development, measured by ratio of gross domestic capital formation to GDP , ratio 

of gross domestic savings to GDP, etc   are non-stationary at the level data and  at the first differences when 

using ADF test but attains stationary at first difference while using PP test. The Granger- causality test 

finally confirmed that financial development granger causes economic growth in India between time span 

of 1990-91 to 2010-11. 

Odhiambo (2008) explored the dynamic causal relationship between stock market development and 

economic growth in South Africa during 1971-2007, and he found out that Causal relationship between 

stock market development and economic growth is sensitive to the proxy used for measuring the stock 

market development. 

Ndlovu (2013:1) examined the causal relation between financial system development and economic growth 

from a Zimbabwean perspective, based on two inter-related broad aims, the first being the established of 

Cointegration relationship between the two and the ultimate direction of the causal relationship.  
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The study finds existence of demand following financial development in Zimbabwe, there is unidirectional 

causality from economic growth to financial development. Financial system development is therefore an 

outcome of the pressure for institutional development in capital markets and introduction of modernized 

financial instruments.  

Sibindi and Bimha (2014) also established a long-run relationship between economic growth and banking 

sector development. Therefore, economic growth spurs banking sector development in Zimbabwe, which 

is consistent with the “demand following” finance-growth hypothesis.  

Recent empirical work by Fung (2009) observes that the mutually reinforcing relationship between financial 

development and economic growth is stronger in the early stage of economic development, and this 

relationship diminishes as sustained economic growth gets under way. What this means is that low-income 

countries with a relatively well-developed financial sector are more likely to catch up with their middle- 

and high-income counterparts while those with a relatively under- developed financial sector are more likely 

to be trapped in poverty. 

FINDINGS 

Unit Root Test Results 

Table 1.2: Augmented Dickey Fuller 

Variable ADF Variable 

(𝟏𝑺𝑻 difference ) 

ADF Order of integration 

GDPPC -3.2248** 

(-2.9719) 

  0 

MC -4.0697* 

(-3.6892) 

  0 

VTS -3.1899** 

(-2.9762) 

  0 

TR -2.4646 

(-3.6892) 

DTR -6.1788* 

(-2.6534) 

1 

BCP -3.6995* 

(-4.4679) 

  0 

Where *** means stationary at 10%, **means stationary at 5% and *means stationary at 1% level of 

significance. Numbers in brackets are critical values at these respective levels. 

GDP per capita, value of traded shares , bank credit to private sector and market capitalization were 

stationary at level thus are said to be integrated of order zero. Turnover ratio was stationary at the first 

difference and are said to be integrated of order one. 
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Cointegration Test 

Table 1.3. Johansen Cointegration Test Results 

Hypothesized 

No of CE(s) 

 

Eigen value 

Trace 

Statistic 

0.05 

Critical value 

Prob ** 

None 0.896025 104.9148 88.80380 0,0021 

At most 1 0.656680 57.47898 63.87610 0.1559 

At most t 0.599653 34.92801 42.91525 0.2480 

At most 3 0.412252 15.70411 25.87211 0.5165 

At most 4 0194552 4.543494 12.51798 0.6627 

Trace test indicates 1 cointegration eqn(s) at the 

0.05level 

 * denotes rejection of the hypothesis at the 0.05 level 

 **MacKinnon-Haug-Michelis (1999) p-values 

Granger causality test 

The rule of thumb is that the null hypothesis is rejected if the probability of the F-statistics is less than 5%. 

The table below shows Granger causality results 

Table 1.4 Granger Causality results 

Null Hypothesis  Observations F-statistic  Prob. 

BCP does not Granger cause GDPPC  22 4.25559 0.0531** 

GDPPC does not Granger cause BCP 22 1.46266 0.2413 

MCR does not Granger cause GDPPC 22 1.73647 0.2033 

GDPPC does not Granger cause MCR 22 0.00643 0.9369 

VTS does not Granger cause GDPPC 22 0.95770 0.3401 

GDPPC does not Granger cause VTS 22 0.37207 0.5491 

TR does not Granger cause GDPPC  22 2.16111 0.1579 

GDPPC does not Granger cause TR 22 0.98707 0.3329 

Note: */** indicate rejection of null hypothesis at 5%/10% significance levels 

The Granger causality test results indicate finance led economic growth through bank credit to private sector 

while the remaining proxies used to measure finance development had no causal relationship with 

Economic growth (GDPPC).This result is in line with Patrick (1966) supply leading hypothesis that suggest 

that finance development leads to Economic growth.  
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Based on this result it is identified that financial development biased to the banking sector rather than the 

stock market leads to economic growth in Zimbabwe. Therefore the Supply leading hypothesis holds in 

Zimbabwe’s case. 

In line with the vision of the  Zimbabwe Agenda for Sustainable Socio Economic Transformation(Zim 

Asset) Towards  an empowered Society and a growing  economy, it is therefore fundamental that  banks are 

financial empowered, as they are a vehicle to economic development. There is need to establish a 

contingency plan and systemic crisis management framework for the banking sector.  

CONCLUSION 

The focus on the paper was to examine the casual relationship between financial development and 

Economic growth from 1990-2013.The following variables Market capitalisation rate (MCR), Value of 

shares traded (VTS), Turnover ratio (TR) and Bank credit to private sector (BCP).The Granger causality 

test was to analyse this relationship after testing for stationarity and Cointegration using the Augmented 

Dickey Fuller (ADF) test and Johansen test respectively. The results suggest that the three variables biased 

to the Stock Exchange (Market capitalisation rate, Turnover ratio and Value of shares traded) have no causal 

relationship with Economic growth in Zimbabwe. The results may lead to the belief that stock market 

developments do not boost economic growth however evidence from developed countries and some 

developing countries suggest that it is a vehicle for economic growth. As pointed earlier Zimbabwe in the 

period understudy was largely characterized by an unstable macroeconomic environment which contributed 

to the low investor confidence in the economy. This unstable environment affected the operations of the 

Zimbabwe Stock Exchange in fulfilling its mandate and its ability to effectively contribute to growth of the 

economy. In addition the bourse is relatively in its rudimentary stage. However there is evidence from the 

study that bank credit to private sector does cause economic growth in Zimbabwe thus supporting the view 

that Financial Sector Development promotes economic growth. This result which is in line with the Patrick 

(1966) and McKinnon-Shaw (1973) supply leading hypothesis. Therefore the implication of this result is 

that increasing the access of bank credit to private sector has an impact on the overall economy through 

increasing the capital base hence raising the investment level. It is known that investment has a positive 

effect on aggregate economy. 

 REFERENCES 

1. Ake, B. and Ognaliqui, R.W. (2011).Financial Stock Market and Economic Growth in Developing 

Countries: A Case Study of Doula Exchange in Cameroon 

2. Atje, R. and Jovanovic, B. (1993). Stock Markets and Development, European Economic Review, 

April 1993, 37 (2/3), pp. 632-640. 

3. Bencivenga, V. R. and Smith B.D. (1991), Financial Intermediation and Endogenous Growth, Re-

view of Economics Studies, 58:195-209. 

4. Besci, Z. and Wang, P. (1997). Financial Development and Growth, Federal Reserves of Atlanta. 

Economic Review. 

5. Cass, D. (1965). Optimal growth in an aggregative model of capital accumulation. Review of Eco-

nomic Studies, 32, 133-42. 

http://www.rcz.ac.zw/
http://www.rcz.ac.zw/


10th Zimbabwe International Research Symposium Book of Papers Presented (ISSN: 2412-2386) 

Published by Research Council of Zimbabwe   

Website: www.rcz.ac.zw   68 

6. Dailami, W. and Aktin, P. (1990). Stock Markets in Developing Countries: Key Issues and a Re-

search Agenda, Policy Research and External Affairs Working Papers, the World Bank. 

7. Goldsmith, R. W. (1969). Financial Structure and Development. New Haven, CT.Yale University 

Press. 

8. Greenwood, J. and Jovanovic, B. (1990). “Financial Development, Growth and the Distribution of 

income”. Journal of political Economy, 98(5): 1076-1107.  

9. Greenwood, J. and B. Smith (1996). “Financial Markets in Development, and the Development of 

Financial Markets”, Journal of Economic Dynamics and Control, vol 21: 145-181 

10. Holmstrom, B. and Tirole, J. (1993). “Market liquidity and performance monitoring”, Journal of 

Political Economy, vol101 (4): 678-709.  

11. International Financial Corporation (1994). Emerging Stock Markets Fact book. Washington, D.C. 

12. International Financial Corporation (1998). Emerging Stock Markets Fact book. Washington, D.C. 

13. International Financial Corporation (2008). Emerging Stock Markets Fact book. Washington, D.C. 

14. King, R.G. and Levine, R. (1993), “Financial Entrepreneurship and Growth. Theory and Evidence”, 

Journal of Monetary Economics, 32.3.513-542 

15. Kyle, A. S. (1984).Market structure, information, futures markets, and price formation‘ in G.Storey, 

A. Schmitz, and A.H. Sarris (eds.) International Agricultural Trade: Advanced Readings in Price 

Formation, Market Structure, and Price Instability Boulder, CO: Westview. 

16. Levine R. (1991). “Stock Markets, Growth and Tax Policy”, Journal of Finance, vol 46(4): 1445-

65 

17. Levine, R and Zervos, S. (1996).Stock Market Development and Long-Run Economic Growth, 

World Bank Policy Research Paper 582, 1 -27. 

18. Levine, R. (1997). “Financial Development and Economic Growth, Views and Agenda”. Journal of 

Economic Literature, Vol. 35, 688-726.  

19. Levine, R. and Zervos, S. (1998). “Stock Markets, Banks, and Economic Growth”. The American 

Economic Review, (88) 3:537-58.  

20. Lucas, R.E. (1988). “On The Mechanics of Economic Development”. Journal of Monetary Eco-

nomics 

21. Makina .D. (2009).Recovery of the Financial Sector and Building Financial Inclusiveness.United 

Nations Development Programme Comprehensive Economic Recovery in Zimbabwe Working Pa-

per Series 

22. Mangudya.J. POLICY STATEMENT:  BACK TO BASICS Setting the tone for Zimbabwe’s Eco-

nomic Recovery .Reserve Bank of Zimbabwe 

23. McKinnon, R.I. (1973). Money and Capital in Economic Development, Washington, DC: Brook-

ings Institution 

24. Mohtadi, H. and Agarwal, S. (2004).Stock Market Development and Economic Growth: Evidence 

from Developing Countries, http//www.edu/mo.htadi/PAN–4– 01. pdf, pp 1 –18 

25. Financial Development and Economic Growth: International Evidence Author P.2014.   MONE-

TARY (s): Woo S. Jung Source: Economic Development and Cultural Change, Vol. 34, No. 2 (Jan., 

1986), pp. 333-346 Published by: The University of Chicago Press Stable URL: 

http://www.jstor.org/stable/1153854. Accessed: 09/09/2014 04:56 

http://www.rcz.ac.zw/
http://www.rcz.ac.zw/


10th Zimbabwe International Research Symposium Book of Papers Presented (ISSN: 2412-2386) 

Published by Research Council of Zimbabwe   

Website: www.rcz.ac.zw   69 

26. KHALIL MHADHB: NEW PROXY FOR FINANCIAL DEVELOPMENT AND ECONOMIC 

GROWTH: WHAT CAUSES WHAT? BOOTSTRAP PANEL CAUSALITY FOR 21 LOW-

COUNTRIES International Journal of Research in Business Management (IMPACT: IJRBM) 

ISSN(E): 2321-886X; ISSN(P): 2347-4572 Vol. 2, Issue 5, May 2014, 11-24 © Impact Journals   

27. Ray .S.2013.Does Financial Development Promote Economic Growth in India?  International Jour-

nal of Economic Practices and Theories, Vol. 3, No. 3, 2013 (July), e-ISSN 2247–7225 

28. Odhiambo, N. M. (2008), Financial depth, savings and economic growth in Kenya: a dynamic causal 

linkage, Economic Modelling, vol. 25, pp.704 — 713. 

29. Ndlovu.G.2013.Financial Sector Development and Economic Growth:  Evidence from Zimbabwe 

International Journal of Economics and Financial Issues   Vol. 3, No. 2,  2013, pp.435-446 ISSN: 

2146-4138   

30. Sibindi.A.B&Bimha .A.2014 .Banking sector development and economic growth: evidence from 

Zimbabwe .Banks and Bank Systems, Volume 9, Issue 2, 2014 

31. P Takaendesa and N M Odhiambo.2007. FINANCIAL SECTOR DEVELOPMENT AND ECO-

NOMIC GROWTH: AN EMPIRICAL ANALYSIS OF TWO SOUTHERN AFRICAN COUN-

TRIES J.STUD.ECON.ECONOMETRICS, 2007, 31(3) 

  

http://www.rcz.ac.zw/
http://www.rcz.ac.zw/


10th Zimbabwe International Research Symposium Book of Papers Presented (ISSN: 2412-2386) 

Published by Research Council of Zimbabwe   

Website: www.rcz.ac.zw   70 

4. Valuation of Defaultable Securities Based on Credit Ratings Using Reliability 

Models: Case of Zimbabwean Banks. 

Isabel Linda Moyo1, Nomandla Mkhwananzi1 and Precious Mdlongwa1                                                                                           

1 National University of Science and Technology, P. O. Box AC 939, Ascot, Bulawayo, Zimbabwe.             

ilzulu82@gmail.com , isabel.zulu@nust.ac.zw 

ABSTRACT 

In recent years, most banks in Zimbabwe have suffered a severe recession due to a financial crisis. The lack 

of credit risk management has been pointed out as one of the causes of most banks’ failure. To avoid a 

similar situation, BankA (where data was collected from) in Zimbabwe, needed to have proper risk man-

agement tool. In this study, a semi Markov reliability model was built which aimed at assessing credit 

migration risk and controlling credit risk. The model was estimated and built on real and recent data from 

BankA. Internal rating data was discrete, i.e. observations were taken at specified time points that are 

monthly and quarterly. In the absence of continuous monitoring, a borrower might change credit grade 

without anyone noticing so the semi Markov reliability model was meant to help BankA monitor how the 

borrowers were likely to migrate from one credit rating to another. 

Keywords: Credit risk, Credit ratings, Credit migrations, Semi-Markov reliability 

1 INTRODUCTION 

The credit risk problem is one of the most important problems that are faced in finance. Fundamentally it 

consists of computing the default probability of a firm that does a debt. For the credit risk evaluation there 

are international organizations such as Fitch, Moody’s and Standard and Poor’s that give different ranks to 

the examined firms. Each firm is given a “rating” that is a vote to the “reliability” on the capacity to 

reimburse the debt. The rating level changes in time and one way to follow the time evolution of ratings is 

by means of Markov processes (2). 

1.1 Credit Risk 

Credit risk embedded in a financial transaction is the risk that at least one of the parties involved in the 

transaction will suffer a financial loss due to default or de- cline in the credit worthiness of the counter-party 

to the transaction, or perhaps of some third party. The most extensively studied form of credit risk is the 

default risk, that is, the risk that counterparty in a financial contract will not full a contractual commitment 

to meet her/his obligations stated in the contract. For this reason, the main tool in the area of credit risk 

modelling is a judicious specification of the random time of default.  

1.2 Defaultable Securities 

Vulnerable (defaultable) options are options that themselves have default risk. Al though option writers are 

required to deposit initial margins and their credit quality is checked before they are allowed to write 

options, they might, in some cases, not honour their obligations, or only partially honour it. Since the option 

value at maturity is equal to its payoff, any portion of the payoff not paid by the writer can be interpreted 

as a percentage loss in the value of the option at that time; hence the recovery of market value assumption 

is directly applicable.  
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Historically, firms that issue such bonds appear to entail very little default risk yet their credit spreads are 

sizable and positive (4). A natural explanation is that these firms are exposed to large sudden and unforeseen 

movements in the financial markets.  

1.3 Dependent Defaults and Credit Migrations 

Financial institutions such as banks normally take on credit risk by granting loans. They also take on debt 

or the debt of governments. By contrast, commercial companies normally acquire credit risk by delivering 

products in ex- change for payments. Credit ratings are useful because they help the process of issuing and 

purchasing bonds and other debt issues by acquiring a qualified measure of the relative credit risk. As a 

general rule, the higher this measure is, of an issuer or an issue indifferently, the lower the interest rate the 

issuer has to pay to attract investors. Conversely, an issuer with a lower credit risk measure has to pay a 

higher interest rate to balance the greater risk assumed by investors. The rating assessed are monitored and 

reviewed by the agencies. 

1.3.1 Credit and Types of Credits 

 Treasuries: are instruments issued by the U.S. government and represent     the safest investment 

on the market and, therefore, their coupons are the lowest. Their maturities can be up to 30 years. 

 Municipal bonds: are issued by county, state or city governments, and their goal is funding to 

develop or improve public infrastructure, but sometimes they are issued to fund their on-going 

operations. Corporate bonds: they are issued by public firms to finance their expansion projects 

or on-going operations and are traded on public markets.  

 Asset-backed securities: They refer to a bundle of assets that are not possible to be sold 

individually, but used to generate regular income for firms.  

 Preferred stock: are instruments that pay regular interest quarterly and a value at maturity but, 

unlike corporate bonds, in case a firm goes to bankruptcy they can return their investment before 

a regular bondholder. 

1.3.4 Credit Rating Agencies (CRA) 

A credit rating agency is a company that assigns credit ratings, which rate a debtor’s ability to pay back 

debt by making timely interest payments and the likelihood of default. There exists a number of CRA all 

around the world, most of them are focused on specific industries or markets, the most important are 

Standard and Poor’s, Moody’s Investor Service, and Fitch Group. The Securities and Exchange 

Commission, in 1975, designated them as the three Nationally Recognized Statistical Rating Organizations 

in the United States of America (USA), and is considered the big three credit rating agencies. Each agency 

has its own methodology in order to express its rating opinion of an instrument issued by a firm. Such 

opinion is typically expressed in a scale of letters grades, for example, from “AAA” to “D” where the former 

represents the best state and the latter the default state. 

In order to assess a firm, a CRA considers current and historical information in order to identify strengths 

and weaknesses events that could affect the credit quality of a debt issuer. Information can be quantitative 

or qualitative, such as legal structures, business plans, financial statements and indicators, forecasting, 

macroeconomic environment, industry trends, position in industry and competitiveness, credit history. 
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 This evaluation is usually paid for by the obligor and is made public immediately thereafter, but sometimes 

it requests a private rating of an instrument. 

Fitch Group is a firm that provides products and services to the fixed income securities market in order to 

make timelier and informed business decisions (7); it was founded in 1913, and is divided into Fitch Rating 

and Fitch solution. It is the smallest of the three big rating agencies, and its main function in the market is 

that of a tie-breaker if Moody’s and S and P ratings differ. 

1.4 Problem Statement 

The main event concerning the companies/ firms lending money is the event that the other party defaults 

on their loan. This can result in severe losses for the lender. Thus, its probability of occurrence must be 

estimated, and from this a risk rate can be obtained. The problem we attempt to tackle is how to optimally 

minimise the default risk for loans given to companies by BankA. 

These sudden defaults may occur due to a change in the basic market variables, and other economic factors. 

While credit risk management has been addressed to some extent in the past by some researchers, their 

approach has been one of quite simplistic constraints and has been generally silent on the challenges 

presented by defaults. Most of the researchers to this date have used a risk-neutral approach consisting of 

normal copulas. A semi Markov reliability model was used in this study to solve the problem of credit 

migrations leading to default. 

2 RESEARCH OBJECTIVES 

Aim: To develop a model for valuating defaultable securities. 

Objectives: 

 To model dependent defaults on securities between changes in credit ratings using a reliability 

technique (hazard process approach), discrete time non-homogenous semi-Markov reliability 

credit risk model. 

 To analyse the level of dependence of the rating evaluations. 

3 METHODOLOGY 

3.1 Introduction 

Putting the hypothesis that the next transition depends only on the last one (the future depends only on the 

present) the problem can be faced by means of Markov processes. In discrete time Markov chain 

environment the time transition is given. But in the reality, the transition between two states in a mechanical 

system usually happens after a random duration. This is the reason why the semi-Markov environment fits 

better than the Markov one in reliability problems. Another relevant phenomenon in the time evolution of 

a system can be the system age. The introduction of non-homogeneity (due to changing credit ratings) gives 

the possibility to take into account this problem. All the highlighted aspects can be faced using non-

homogeneous semi-Markov models. 
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3.2 Problems of Markov models 

1. The duration inside a state 

Actually the probability of changing rating depends on the time that a firm remains in the same rating. 

Under the Markov assumption, this probability depends only on the rank own at previous transition (1). 

2. The dependence of the rating evaluation from the epoch of the assessment. 

This means that, in general, the rating evaluation depends on when it is done and, in particular, on the 

business cycle (5).  The rating evaluation done at time t generally is different from the one done at time 

s, if s ≠t. 

3. The dependence of the new rating from all history of the firm’s rank evolution, not only from the last 

evaluation. 

Actually the effect exists only in the downward cases but not in the case of upward ratings in the sense 

that if a firm gets a lower rating (for almost all rating classes ) then there is a higher probability that the 

next rating will be lower than the preceding one (6, 3). 

3.2.1 Assumptions based on the problems of Markov problems above. 

 The first problem above will be solved or avoided by means of semi-Markov processes (SMP).In 

fact in SMP the transition probabilities are function of the waiting time spent in a state of the 

system. 

 The second problem can be faced in a general approach by means of a non-homogeneous 

environment. 

 The third problem is solved increasing the number of states to differentiate the case in which the 

system arrives in a state from a lower or a higher rating evaluation. 

3.3 Non-homogeneous semi-Markov processes (NHSMP) 

In this part the NHSMP will be described; we follow the notation given in (2). First the stochastic process 

is defined. In SMP environment two random variables (r. v.) run together. 𝐽𝑛𝑛 ∈ N with state space I = {1, 

2 . . . m} represents the state at the nth transition. 𝑇𝑛𝑛 ∈ N with state space equal to R+ represents the time 

of the nth transition, We suppose that the process (𝐽𝑛,𝑇𝑛) is a non-homogeneous Markovian renewal process. 

The kernel Q = [𝑄𝑖𝑗(𝑠, 𝑡)] associated to the process is defined in the following way: 

𝑄𝑖𝑗(𝑠, 𝑡)=P[𝐽𝑛+1 = 𝑗; 𝑇𝑛+1 ≤ 𝑡 𝐽𝑛⁄ = 𝑖; 𝑇𝑛 = 𝑠]       (1)         

and it results: 

𝑝𝑖𝑗(𝑠)= lim
𝑡→∞

𝑄𝑖𝑗(𝑠, 𝑡); 𝑖, 𝑗 ∈ 𝐼                                (2)      

The transition probabilities are defined in the following way: 

𝜙𝑖𝑗(𝑠, 𝑡)=P(Z𝑡 = 𝑗/ Z(0)  =  𝑖)                                (3) 

                   𝜙𝑖𝑗(𝑠, 𝑡)=𝛿𝑖𝑗(1 − 𝑆𝑖(𝑠, 𝑡))+∑ ∫ �̇�𝑖𝛽
𝑡

𝑠
𝑛
𝛽=1 (𝑠, 𝜗)𝜙𝛽𝑗(𝜗, 𝑡)𝑑𝜗                  (4)          

where 𝛿𝑖𝑗 represents the Kronecker symbol.  
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3.4 Non-homogeneous semi-Markov reliability model 

Let us consider a reliability system S that can be at every time t in one of the states of I = {1 . . . m}. The 

stochastic process of the successive states of S is  

       Z={Z(t),t≥0}.                                                     (5) 

The state set is partitioned into sets U and D, so that: 

I=U D; ∅=U D, ≠U,U≠I                                       (6)                 

The subset U contains all ”good” states in which the system is working and subset D all ”bad” states in 

which the system is not working well or is failed.  

3.5 The homogeneous semi-Markov reliability credit risk model 

The credit risk problem can be situated in the reliability environment. The rating process, done by the rating 

agency, gives a reliability degree of a firm bond. In the Standard & Poor’s case there are the 8 different 

classes of rating that means to have the following set of states: 

I = {AAA, AA, A, BBB, BB, B, CCC, D}                (7) 

The two subsets are as follows: 

U = {AAA, AA, A, BBB, BB, B, CCC}                  (8) 

D = {D}                                                                    (9) 

4. RESULTS 

4.1. Introduction 

The objective of this section is to provide estimators for reliability indicators of a system used by BankA. 

In order to achieve this purpose, we estimate the basic quantities of a discrete-time semi-Markov system by 

the use of Minitab 16 and Matlab 6.1.  

4.2. Bank A Rating Systems 

The Internal rating system assigns both an obligor rating to each borrower (or group of borrowers), and a 

facility rating to each available facility. A risk rating (RR) is designed to depict the risk of loss in a credit 

facility. A robust risk rating system should offer a carefully designed, structured, and documented series of 

steps for the assessment of each rating. The goal is to generate accurate and consistent risk rating, yet also 

to allow professional judgment to significantly influence a rating whenever appropriate. A typical risk rating 

methodology initially assigns an obligor rating that identifies the expected PD by that borrower (or group) 

in repaying its obligations in the normal course of business. 

Risk ratings quantify the quality of individual facilities, credits, and portfolios. If RR is accurately and 

consistently applied, then they provide a common under- standing of risk. Levels of credit management 

allow for active portfolio management. An Internal Risk Rating System (IRRS) provides the initial basis 

for capital charges used in the various pricing models. It can also assist in establishing loan reserves. The 

IRRS can be used to rate credit risks in most of the major corporate and commercial sectors, but it is unlikely 

to cover all business sectors. 

From the data collected, all transitions made by a single borrower over 2 years observation period and the 

corresponding exact transition times are known.  
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In order to rate the companies whose data was used for this study, it was ensured that their data is exact, 

that is, exact transition times are available. 

Grade 1 corresponds to the lowest and grade 8 to the highest degree of credit risk. 1 (AAA), 2(AA), 3(A), 

4(BBB), 5(BB), 6(B), 7(CCC) and 8(D).Below is a scale that is used by BankA to come up with credit 

ratings. 

Credit Score Grade Credit Rating 

89% - 100% 1 AAA 

76% - 88% 2 AA 

64%- 75% 3 A 

51% - 63% 4 BBB 

39% - 50% 5 BB 

26% - 38% 6 B 

14% - 25% 7 CCC 

0% - 13% 8 D 

Table 4.0 Credit rating Scores for BankA 

4.3.  Data Analysis 

The data collected from BankA was tested for normality. Initially the data was not normally distributed for 

January 2010 to December 2012. The data was then transformed using Johnson transformation method and 

it became normally distributed. Figure 1 below shows January 2010 statistics before and after Johnson 

transformation. It can be seen from Figure 1 that the data is now normally distributed. Tests and data 

transformations were done for all months although only 3 months were used below to show how data was 

transformed using Johnson’s transformation method. 

 

Figure 1: Probability Plot for January 2010 
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Figure 2 below shows the distribution of February 2010 statistics before and after Johnson’s transformation. 

Figure 2 below shows that February 2010 data is normally distributed after Johnson’s transformation 

  

Figure 2: Probability Plot for February 2010 

Figure 2 above shows that February data is normally distributed after Johnson’s transformation. 

 

Figure 3: Probability Plot for May 2011 
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Figure 3 above shows the distribution of May 2011 statistics before and after Johnson’s transformation. 

 

The credit scored for companies A to T are not constant, that is, there are fluctuating due to the factors stated 

earlier. Their view of credit worthiness of obligors, security/collateral, average profit generated by the 

company, credibility, integrity,  premises, authenticity of Information, Account History / performance, 

gearing / level of indebtedness and purpose of loan determines the changes in credit scores assigned to 

companies over a given period of time. Company L under the mining sector is an exception though as it 

was given a credit score of 100% throughout the period of assessment by BankA. 

Investing in different companies falling under different sectors generally reduces the overall portfolio risk, 

because usually it is very unlikely to see a large number of loans defaulting all at once under different 

industries. BankA invested in Agricultural, Mining and Production companies there by reducing the credit 

portfolio risk. 

The less the loans in the portfolio have in common, the higher the chance that default of one obligor does 

not mean a lot to the economic future of other loans in the portfolio and this case minimizes the overall 

portfolio risk. In this case if BankA was investing in 7 agricultural companies only for example, then that 

means that the 7 companies A - F are interrelated and default can be very high in such a scenario, as 

companies A-F will be targeting the same markets and these companies are all under the agricultural sector 

and are likely to be affected by the same factors and conditions.  
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The companies within the same sector increase the likelihood of default and credit risk. 

The correlation between credit rate AA and AAA is 0.632 under the Agriculture industry and under Mining 

credit rate AA and AAA are negatively related (-0.197). This means that even if obligors running mining 

companies are to default due to poor business or markets it does not mean a lot to the economic future loans 

as all industries cannot collapse at the same time. 

The data is aggregated to the portfolio level taking into account diversification effects. Across different 

banks customers, significant correlations among default events/rating migrations. The financial conditions 

of firms in the same industry or within the same country reflect similar factors, and so may improve or 

deteriorate in a correlated fashion. Similarly, for firms within the same industry, exposures due to draw 

downs of credit lines, increase (decrease) relative to their long-run averages in periods when the average 

condition of firms in that sector is deteriorating (improving). While BankA tends to be well aware of these 

potential relationships, their ability to model such correlations is often limited in practices. 

Production companies are reliable as there are no correlations of credit ratings displayed in the correlation 

matrix above for production companies as the ratings are 100% throughout as from the time BankA started 

assessing the companies. It is therefore easy to predict that companies under the production sector are doing 

very well and chances are very high that in future if given loans there are likely to pay all monthly 

repayments without defaulting. Companies under the Agricultural sector save for a purpose of curbing credit 

risk as interests charged are likely to cover for defaults or losses incurred under Production and Mining. 

It is a good thing for BankA to accommodate more than one industry or sector; this is a benefit, in the sense 

that if a lot of companies in one sector for example mining default then the other sector can cover up. This 

as a result eliminates or reduces direct loss of earnings and erosion of capital or may result in imposition of 

constraints on a bank’s ability to meet its business objectives. The disadvantage of having obligors from 

one sector is that it could hinder as BankA capability to conduct its business or to take advantage of 

opportunities that would enhance its business. As such, managers of banking institutions are expected to 

ensure that the risks an institution is taking are warranted as seen with companies falling under the 

production sector that have a constant reliability of 100%. 

Companies are likely to remain in the same state if they default as banks like BankA carry out assessments 

before granting loans thereby making it impossible for bankrupt companies to access loans, i.e. the 

correlation between D and D is 1 (absorbing state). It is a challenge for companies to migrate in terms of 

credit risk from speculative grades like BB, B, CCC and D to investment grades like BBB, A, AA and AAA 

and this is shown by low and negative correlations between Investment grades (higher grades) and 

speculative grades (lower grades). The transition matrix was constructed starting from t = 2. 
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Table 2: Probability of migrating from one state to another within 2 years as a percentage (𝚽 𝐢𝐣(2)) 

 AAA AA A BBB BB B CCC D 

AAA 82.33 10.93 0.55 0.63 0.32 0.19 0.05 0.02 

AA 2.84 86.23 5.47 4.16 0.11 1.13 0.055 0.02 

A 0.27 1.59 89.05 7.4 1.48 0.13 0.06 0.03 

BBB 1.84 1.89 5 84.21 6.51 0.32 0.16 0.07 

BB 0.08 2.91 3.29 5.53 78.68 4.05 4.14 1.32 

B 0.21 0.36 9.25 8.29 2.31 63.89 10.13 5.58 

CCC 1.06 0.25 0.85 2.06 14.34 22.86 38.97 19.6 

D 0.00 0.00 0.00 0.00 0.00 0.00 0.00 100.00 

The transition matrices were constructed starting from the 2 year transition matrix, that is at t = 2. The 

matrix shown in table 2 shows (𝚽 𝐢𝐣 2) s. Element AAA; AAA (82.33%) shows that the probability of 

companies (obligors) to remain in the same credit rate, that is, AAA is very high regardless of their sectors 

or industries. At time 0 companies rated D are absorbed in that state as they cannot be given any loans. It 

might take time for companies rated AA to migrate to rate AAA within a period of 2 years and this is shown 

by the probability of 2.84%. 

AA rated companies in the bank portfolio at time 0 are likely to remain in the same state for 2 years and 

there are likely to migrate to credit rating A (5.47%) and BBB (4.16%). AA is an investment grade the 

probability of migrating from AA therefore to speculative grades is very low. It is very rare for a bank to 

use a credit rating system that may bring in clients with high credit rates only to default 2 years down the 

line. As seen in the transition probability matrix in table 2.5 the probability of migrating from AA to BB is 

1.11% (very small) and the probability of companies migrating from credit rating AA to B, CCC and D 

approaches zero because it is rare for companies rated AA to default. 

Table 3: Probability of migrating from one state to another within 2 years as a percentage  𝚽𝐢𝐣(4) 

 AAA AA A BBB BB B CCC D 

AAA 90.13 6.04 0.50 0.15 0.16 0.00 0.00 0.00 

AA 0.46 94.42 4.33 0.52 0.10 0.17 0.00 0.00 

A 0.05 1.51 94.40 29.50 0.70 0.33 0.00 0.06 

BBB 0.03 0.30 3.70 4.11 90.38 0.98 0.11 0.40 

BB 0.02 0.15 0.57 4.73 5.89 85.62 0.91 2.11 

B 0.10 0.00 0.20 0.35 3.38 2.40 89.00 4.58 

CCC 0.00 0.00 0.47 0.54 3.46 1.28 85.29 8.96 

D 0.00 0.00 0.00 0.00 0.00 0.00 0.00 100.00 
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From time t = 2 to time t = 4 if BankA if to maintain the same number of companies under each category 

,that is, Agriculture, Mining and Production and with the same or similar credit ratings at time t = 0 then 

the transition probabilities that are likely to be followed are shown in table 4.6. The probability of remaining 

in the same state for AAA rated companies is 90.13% meaning that companies falling under investment 

grades maintain credit worthiness, security/ collateral, profit generated, premises and authenticity of 

information and these are components used to assess credit rates. 

The probability of migrating from AAA to B, CCC and D is 0 at time t = 4. Not only investment companies’ 

benefit from granting loans to companies but even companies tend to enjoy the benefits of loans if utilised 

accordingly. Companies which have investment rates therefore tend to grow with time. The probability of 

a credit migration from A to AA is 0.05%, from A to AAA is 1.51% but the probability of remaining in the 

same rate, that is, A for obligors is very high, that is, 94.4%. Most of the companies (obligors) tend to 

maintain the credit rate assigned at the initial time or migrate backward because of poor management and 

the economic situation in Zimbabwe. 

Companies rated BBB are likely to migrate backward in the scale of credit rating this is shown by the 

probability of 90.38% of migrating from BBB to BB. The probability of a company migrating from credit 

rate BBB to AAA in a period of 4 years is unlikely and this is shown by the probability of 0.03%. For 

companies with speculative grades at initial stage migration backwards is likely and this is shown by the 

probability of migrating from B to BBB for example which is 85.62%. There is 89% probability that 

companies rated B will migrate to credit rating CCC. CCC rated companies are likely to remain in the same 

state for a long time or default and this can be seen in table 4.6 that the probability of remaining in the same 

state is 85.29% and 8.96% for migrating from CCC to D. 

Table 4: Probability of migrating from one state to another within 2 years as a percentage (𝚽𝐢𝐣(6)) 

 AAA AA A BBB BB B CCC D 

AAA 92.01 7.04 0.40 0.14 0.41 0.00 0.00 0.00 

AA 1.46 90.42 5.33 0.02 0.15 0.00 0.00 2.62 

A 81.33 11.93 0.55 0.64 0.34 0.19 5.00 0.02 

BBB 0.84 88.23 7.47 2.16 1.11 0.12 0.07 0.00 

BB 0.27 1.59 89.05 7.40 1.48 0.15 0.04 0.02 

B 1.84 1.89 5.00 84.21 6.51 0.32 0.16 0.07 

CCC 0.08 3.91 2.29 5.53 14.68 8.05 10.14 55.32 

D 0.00 0.00 0.00 0.00 0.00 0.00 0.00 100.00 

Table 4 shows (𝚽𝐢𝐣(6))(t), the probability of companies rated AAA remaining at the same state is 92.01% 

after duration of 6 years. The probability of defaulting for such companies is 0.00% meaning that such 

companies are established to the ex- tent that they remain in the same credit grade. Companies rated CCC 

are likely to default this is shown by 55.32% probability. Such companies possess speculative grades and 

are likely to collapse. Companies with credit rating BBB are likely to attain an AA credit rate after a certain 

period of time. 
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The reliability for companies rated AAA are 80% at time 2, 90% at time 4 and 95% at time 6. The reliability 

for companies rated AAA is increasing with time. AAA rated companies expand in terms of profit generation 

and growth. Investment companies and banks benefit most from AAA rated companies since the probability 

of such companies defaulting is nil. 

For AA rated companies there liability is not stable it is fluctuating, that is, 88% at t = 2, 89% at t = 4 and 

85% at t = 6. Companies falling under this credit rating are reliable although they lack consistency. Same 

applies to credit rating BBB whose reliability is decreasing from 90% to 88% and finally to 70%. From the 

table above it can be seen that Credit rating CCC’s reliability is decreasing from 20% to 13% and finally to 

11%. 

Credit rating D is not reliable at all. BankA cannot or is not advised to invest in such companies as it may 

lead to credit risk. Most companies rated CCC are bankrupt they cannot pay back investing companies. The 

reliability for t = 2 to    t = 6 is 0%. 

4.4 Summary 

In BankA there are 8 different classes of rating expressing the creditworthiness of the rated firm. The 

creditworthiness is highest for the rating AAA, assigned to firm extremely reliable with regard to financial 

obligations and decrease towards the rating D which expresses the occurrence of payment default on some 

financial obligation. As it is possible to see, the reliabilities have a different behaviour depending on the 

values of t. This is due to the non homogeneity of the rating process. 

The reliability exhibits also variability as a function of the backward process, then as a result, our model 

assigns different survival probabilities to firms having the same rating class but with different age in this 

state. We conclude that companies with good investment grades are more reliable unlike those with 

speculative grades which are likely to default. Companies with good investment grades are likely to 

maintain their credit rates/ status for a long period of time, for speculative grades the opposite is the case as 

such companies tend to migrate towards the default state. 

5. CONCLUSIONS 

5.1 Conclusions 

Rating migration matrices, which measure the expected changes in credit quality of borrowers, are cardinal 

inputs to many applications, including credit portfolio monitoring and management, capital allocation and 

pricing of credit derivatives. Bank management and regulators are keenly interested in accurately estimated 

transition probabilities associated with internal rating grades for as to curb credit risk. The findings of this 

paper have some important implications for both, risk management and banking supervision. We find that 

internal ratings are more point in time ratings, which implies that up and downgrade behaviour of credit 

ratings can be done if internal rating is done in the system. 

Risk-taking is an inherent element of banking and, indeed, profits are in part the reward for successful risk 

taking in business. On the other hand, excessive and poorly managed risk can lead to losses and thus 

endanger the safety of a bank’s depositors. Accordingly, BankA should continue to place a significant 

management system of risk. Risk in BankA refers to the possibility that the outcome of an action or event 

could bring adverse impacts on the institutions capital, earnings or its viability.  
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For the data gathered BankA loaned out USD 3,987,000.00 to companies under different industries so as to 

minimise loss due to defaulting. The amount loaned to companies (obligors) was allocated as follows USD 

1,765,000.00 which makes 44.3% of the total amount to the agricultural sector, USD 1,312,000.00 (32.9%) 

to the mining industry and USD 910,000.00 (22.8%) to the production sector. 

Credit scores assigned after a thorough assessment of credit worthiness, security/ collateral, profit generated 

credibility, the value of premises, authenticity of information, account history/ performance, level of 

indebtedness and purpose of loan were used to further allocate the stated amounts to companies under each 

sector. Risks are considered warranted when they are understandable, measurable, and controllable with 

standard verse results. Sound risk management systems like the credit score card system used enable 

managers of BankA to take risks knowingly, reduce risks where appropriate and strive to pre- pare for a 

future, which by its nature cannot be predicted with absolute certainty. To further curb or manage risk 

financial models need to be used to scrutinise the data collected by BankA internal tools like the credit score 

card. BankA attaches considerable importance to improve the ability to identify measure, monitor and 

control the overall risks assumed by assessing the value of assets that each company (obligor) possess. 

Because of the vast diversity in risk and change of the economic situation BankA should not just stick to 

the system in use. BankA should tailor its risk management program to its needs and circumstances so as 

to minimise risk. In order to properly manage risks, BankA must recognize and understand risks that may 

arise from both existing and new business initiatives; for example, risks inherent in lending activity which 

include credit, liquidity, interest rate and operations. 

6. RECOMMENDATIONS 

6.1 Recommendations 

Management should ensure the bank has a sound technology infrastructure that meets current and long-term 

business requirements by providing sufficient capacity for normal activity levels as well as peaks during 

periods of market stress; ensuring data and system integrity, security, and availability; and supporting 

integrated and comprehensive risk management. Mergers and acquisitions resulting in fragmented and 

disconnected infrastructure, cost-cutting measures or inadequate investment can undermine a bank’s ability 

to aggregate and analyse information across risk dimensions or the consolidated enterprise, manage and 

report risk on a business line or legal entity basis, or oversee and manage risk in periods of high growth. 

Management should make appropriate capital investment or otherwise provide for a robust infrastructure at 

all times, particularly before mergers are consummated, high growth strategies are initiated, or new products 

are introduced. 

Outsourcing is the use of a third party either an affiliate within a corporate group or an unaffiliated external 

entity to perform activities on behalf of the bank. Outsourcing can involve transaction processing or 

business processes. While outsourcing can help manage costs, provide expertise, expand product offerings, 

and improve services, it also introduces risks that management should address. The board and senior 

management are responsible for understanding the operational risks associated with outsourcing 

arrangements and ensuring that effective risk management policies and practices are in place to manage the 

risk in outsourcing activities. Outsourcing policies and risk management activities should encompass 

dealing with operational risk. 
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6.2 Area of further study. 

Further research on credit risk management in these services will be extremely valuable to the banks. 

Another interesting aspect is the adoption of credit derivatives in managing credit risk. This is a new concept 

in some areas of the world. It would be great to see the analysis and applications of successful credit 

derivative cases, or the reasons behind the failures of other cases. 

This study may serve the purpose of inviting stochastic modelling engineers into a new field. Future work 

can be in the continuous time version of this model and the related algorithm and computer program. Future 

work can also be done for the non homogenous model and the related algorithm and computer program. In 

future an attempt to deal with downward problem while increasing the number of states can be done. 
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5. Analysing the role of the trade policy regime in harnessing the gains foreign direct 

investment in Zimbabwe 

Voronica Mufudza, Midlands State University, P. Bag 9055, Gweru                                                

vmufudza@gmail.com  +263 776904315 

ABSTRACT 

In the recent decades foreign direct investment (FDI) has been one of the most dynamic components of the 

world economy. However, for growth purposes, FDI policies are evidently not an end in themselves. This 

study posits that ‘better coordination of the investment and trade policies’ is a prerequisite for domestic 

firms to benefit from FDI activities in host countries.  It analyses the role that the National Trade Policy 

(NTP) of Zimbabwe (or the trade regime in general) plays in conditioning the impact of FDI on growth and 

development of the country. 

The study employs an expanded aggregate production function of the Cobb Douglas type in an econometric 

estimation of the interactive impact of the trade policy and FDI spillovers on production (at aggregate and 

sector-specific levels). Analysing data for the period 1991-2012 in three phases, the study could not dispute 

the critical role played by the NTP in conditioning the benefits from FDI spillovers. However, unlike in the 

propositions of the ‘Bhagwati hypothesis’, this study infers that liberalizing the foreign investment regime 

in Zimbabwe has to be complemented with a selective trade liberalisation policy to maximise the benefits 

from FDI.  

The policy implication is that a restrictive trade policy directed at imports for export production or export-

oriented foreign firms may be instrumental for increasing the benefits from spill-overs and at the same time 

increase the opportunities for the country’s key industries in the global value chains (GVC).  

Keywords: FDI, NTP/trade regime, FDI- spillovers, ZIMASSET and economic growth 

LIST OF ACRONYMS 

EP    Export Promotion 

ERP    Effective Rate of Protection 

FDI    Foreign Direct Investment 

GDP    Gross Domestic Product 

GoZ    Government of Zimbabwe 

GVC    Global Value Chains 

IS    Import Substitution 

ISIC    International Standard of Industrial Classifications 

MNCs    Multinational Companies 

MNEs     Multinational Enterprises 

NRP    Nominal Rate of Protection 

NTM    Non-Tariff Measures 

NTP    National Trade Policy 

ODA    Official Development Assistance 
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OGIL                              Open General Import License 

OOF    Other Official Flows 

TFP    Total Factor Productivity 

ToT    Terms of Trade 

TP    Trade Policy 

UNCTAD   United Nations Conference on Trade and Development 

VIF    Variance Inflation Factor 

WIR    World Investment Report 

WTO                                   World Trade Organization  

ZIMASSET   Zimbabwe Agenda for Sustainable Socio-Economic    

    Transformation 

1. INTRODUCTION 

FDI is widely considered as an indispensable element for achieving sustainable development in both 

developing and developed countries alike. Many researchers, including first generation economists such as 

(Solow, 1957) and (Krugman, 1996) have analysed the growth-inducing hypothesis of FDI and majority of 

them agree that while FDIs have the potential to generate considerable impact on host countries’ economies, 

the direct impact due to technology transfer are short-term because of the diminishing returns to the capital 

injections, but have long term benefits through technology and productivity spillovers. However, important 

to note at this stage is that even though the potential importance of FDI in developing countries is getting 

appreciated1, researchers have also failed to prove the FDI-led growth hypothesis in most African-country 

cases. 

This renders the need for identifying the factors under the control of the African host countries (which can 

be manipulated to extract more benefits from FDI) very fundamental and needing urgent attention in these 

countries. Tangible efforts have recently been made to gain a better understanding of the factors that 

determine the presence of FDI spillovers but, as noted by Crespo and Fontoura (2007) ‘they have thus far 

not borne fruit’. According to Blomstrom and Kokko (2003), the existence of productivity spillovers 

depends on a multiplicity of factors including the domestic market size and trade balance as the two key 

determinants.  

This paper chooses to focus on the effect of trade policy because, trade liberalization has led to increased 

market integration and, therefore, reduced the importance of market size as a determinant of investment 

location2. UNCTAD WIR (2013) also postulates that trade policy and FDI strategies can be used to 

complement each other for the greater good of the country arguing that trade decisions3 affect foreign 

                                                 

 

 

1 Constituting a core component of the development processes. 

2 Notably, even a small country can now compete for FDI as long as it can provide a sufficiently attractive incentive package. 
3 including the various types of measures affecting market access conditions, market access development preferences, trade-protective measures, domestic 

support and export promotion devices, among others 
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companies' performance in the host countries. Many other economists agree that, in addition to factor 

endowment or reward differentials and domestic demand-related factors, the trade regime of the host 

country is the most important country-specific determinant of FDI. However, only a few studies including 

Kokko et al. (2001) and Kohpaiboon (2006) have examined empirically the role of the trade policy regime 

in conditioning the benefits from FDI.  

This study sought to explore the relationship between FDI spillovers4 and trade policy at aggregate and 

sectoral levels in Zimbabwe. It tested the hypotheses that; (i) the NTP of Zimbabwe enhances the direct and 

indirect impact of FDI on domestic firms' productivity and subsequently overall growth rate of the country, 

and (ii) a liberal trade policy contributes more to growth through enhanced FDI spillovers than a trade-

restricting or inward-looking policy. The latter is synonymous to the one propounded by Bhagwati (1978) 

when he hypothesized that compared to an import-substituting strategy, an outward-oriented regime will 

probably attract a greater volume of FDI. This was later on supported by other researchers such as 

Kohpaiboon (2006) and became famously known in literature as the ‘Bhagwati hypotheses’.  

Spillovers can come in many different ways but they have one common effect of influencing productivity. 

Therefore, this paper formulates an econometric estimation of the effects of Trade policy, through FDI, on 

aggregate and sectoral productivity. Such an analysis is timely in view of the recently adopted national blue-

print setting the development path of the country for the next four years, dubbed the “ZIMASSET, 2013-

2018”, as it highlights the level of coherence between investment goals and the trade policy and shed more 

light on how these policies can be aligned to the ZIMASSET objective. 

The exception of this study to the ‘Bhagwati hypothesis’ is that in addition to focusing on the direct FDI 

effects the study goes a step further to also consider its indirect effects through the spillover-effect. The 

study contributes to the existing literature by presenting new evidence to accept or reject the Bhagwati 

hypothesis in the case of Zimbabwe. Moreover, by introducing a new dimension of analysing the FDI- 

growth nexus which includes the interaction with the NTP and going a step further to provide sector-specific 

analysis; the study is very original. 

2. OBJECTIVES 

The major objective of this study was to establish the role that the NTP of Zimbabwe is playing towards 

enhancing the benefits from FDI. In so doing, the study also highlights the level of coherence between the 

country’s trade regime and the economic/industrial development strategy envisioned in the ZIMASSET. 

The study then sought to give possible options through which the NTP can be reviewed to align with (or 

support) the value addition and beneficiation thrust under ZIMASSET. 

There are many benefits to be reaped from the inflow of FDI into an economy. In developing countries, the 

entry of multinational companies through FDIs has often been portrayed to contribute to critical capital, 

                                                 

 

 

4 As a measure of the benefits from the activities of foreign companies or foreign presence in the country 
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technology, skills, and other poverty-reducing economic spillovers. Studies by Cuadros et al. (2004), 

Ramírez (2000), Xiaohui et al. (2002) and Fedderke & Romm (2006), among others, have established a 

positive correlation between the amount of FDI attracted and the GDP growth in ‘host’ developing countries 

in Asia. 

With a new development plan under the auspices of ‘ZIMASSET’ that directs the country’s strategies for 

the period spanning 2013-2018, “in pursuit of a new trajectory of accelerated economic growth and wealth 

creation”, GoZ (2013), attracting more FDI becomes a key instrument for achieving economic 

transformation. Figuring out how the NTP can be used as a policy intervention/strategy to make FDI ‘work’ 

for the country should, therefore, be a core element of focus under ZIMASSET. 

The outcome of this paper is very useful for policymaking and policy alignment in Zimbabwe. There is 

need for policy makers to engage rigorously on attracting FDI, not only for the direct benefits it renders to 

the economy but also for its demonstration effects5 in unrelated firms, through which the vision of the 

national blue-print can be achieved. The ultimate spillover effects should be quantifiable through 

technological and productivity gains/advancements. 

Three distinct aspects of this study which makes it superior to previous studies are that firstly, it presumes 

that there is more to benefit from FDI beyond the obvious direct benefits. Secondly, the study investigates 

how the national trade policy can be used as a catalyst to enhance such benefits from FDI and lastly, the 

sectoral analysis caters for the heterogeneity at sector level and enables sector-specific policy 

recommendations. 

The reminder of the paper proceeds as follows; Section 3 is the study methodology, Section 4 presents the 

findings and Section 5 concludes.  

3. METHODOLOGY 

This research gives an empirical analysis of the conditional contribution of FDI spillovers on productivity 

given the trade regime of Zimbabwe by assessing the interactive econometric influence of FDI, physical 

capital formation, human capital and 'openness' on GDP per capita. In order to correct for bias and reverse 

causality in quantifying the trade policy, 'instrumental variables' that correlate with and do not influence 

income, except through openness (such as the NRP and ERP) were ideal for this study. However, due to 

unavailability of data such variables could not be estimated. Instead, the study used openness to proxy the 

nature of the trade policy and to cater for the bias and causality problems, the regressions expressed the 

direct and interactive-variable models separately. The study divided data for the period 1991-2012 into three 

phases as follows; 

                                                 

 

 

5which is characterized by spillover on processes (incl. technology), spillover on product design, spillover on formal and on tacit skills (shopfloor and manage-

rial), effects due to mobility of trained human resources, enterprise spin-offs as well as competition effects 
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Phase1: 1991-1998 (when Zimbabwe introduced the OGIL and later acceded to the WTO in 1994)  

Phase 2: 1998-2008 (when the economy was faced with multiple economic challenges that led to the 

abandoning of some of the commitments under the bi and multilateral trading arrangements)  

Phase 3: 2008-2012 (when the economy experienced symptoms of economic recovery and pursued a more 

open/liberal policy through the reintroduction of the OGIL and elimination of other import controls)6.  

 A series of regression models were estimated using the STATA econometric package [based on the Cobb- 

Douglas production function: Y = Af(K, L), expressed in logarithms7and expanded to include FDI, openness 

and the other afore-mentioned growth ancillary factors]. Such expanded econometric estimations were used 

by Ndulu et al. (2008), and Atardi and Sala-i-Martin (2004) they studied the drivers of economic growth in 

different regions of Africa.  

At a macro-economic level, the study addresses a glut of methodological concerns which may be raised in 

such analysis. Firstly, controlling for other ancillary variables ensures that the coefficients of the observed 

variables are not exaggerated and therefore there is no estimation bias. Secondly, by focusing on a long 

period the study captures the long term-effects of the independent variables and lastly, the use of panel data 

avoids simultaneous biases well known for causing exaggerated elasticity estimates in time-series analysis. 

The study first established the existence and impact of positive spillovers from FDI at national level, 

followed by examining the interactive effect of the spillovers and the trade regime. This two-stage analysis 

was repeated at sector-level where FDI was measured by the level of foreign presence in each sector. This 

presumes that local participation/involvement with multinationals reveal the MNCs proprietary knowledge 

and in that facilitates technology spillover to local firms8. Therefore, foreign presence, to a large extent, is 

an important indicator of productivity and productivity spillover in Zimbabwe's key sectors. 

3.1 Regression Models 

The study ran a series of regression models based on the following equations: 

  

gyt= a0t + ᵝ1tgk + ᵝ2tfdi + ᵝ3tghucap +Ωt +ε(1) 

gyt= a0t + β1t(gk*fdi +hucap*fdi) +Ωt +ε(2) 

gyt= a0t + ᵝ1tfdi*open + Ωt +ε                                  (3) 

gyt= a0t + β1t(gk*fdi +hucap*fdi)*open + Ωt + ε(4) 

gyti= a0ti + β1ti(gk*forep +hucap*forep) +Ωti +ε  (5) 

gyti=a0ti+β1ti(gk*forep +hucap*forep)*open+Ωti +ε                          (6) 

Where: 

                                                 

 

 

6 From 2012 onwards, the country reintroduced some import control measures selectively- including the introduction of and raising of duty on some products. 

However, the impact of this latest reform is beyond the scope of this study. 
7The use of logarithms enables the interpretation of estimates as the responsiveness or elasticity of growth to a percentage change in factor variables. 
8Moreover, the competitive pressure from FDI is likely to spillover to the local firms in order to exist in the global competitive market. Higher foreign output in 

an industry raises the competition and forces the domestic firms to become more efficient. 
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t indexes the phase, gy represents GDP per capita (at current prices), gk is the level of physical capital per 

capita (at current prices), fdi is foreign direct investment (at current prices), open is the proxy for trade 

policy (measured as the percentage excess of domestic price over world market prices resulting from 

protective measures),ghucap is human capital growth (proxied by the literacy rate or average years of 

secondary schooling in the entire population), Ω is the variable for unobserved growth control ancillary 

variables9,    i (in equations 5&6) indexes the specific sector and ε is the error term. 

3.1.1 Models 1 and 2 

Step 1 estimated model 1 based on equation1to establish the direct effect/ direct spillovers of FDI on output 

and expanded the equation in model 2 to include an interaction of fdi with gk plus another interaction of 

fdi with hucap to capture the indirect spillover effect (based on equation 2).The objective of these models 

was to establish the existence and extend of the direct impact of FDI on growth in equation 1 versus the 

indirect impact through technological and productivity spillovers in equation 2. 

This stage tested the hypotheses that ‘FDI spillovers have no significant impact on growth Zimbabwe’. The 

estimated ᵝ1 coefficients in both equations 1 and 2 were expected to be positive for positive impacts of FDI, 

as well as its spillovers, in promoting economic growth. 

3.1.2 Model 3 and 4 

Step 2 of the study estimated models 3 and 4 based on equations 3 and 4. The objective was to establish the 

magnitude of change in the impact of the spillovers on growth following the introduction of the proxy 

variable for the trade regime as an interactive factor. 

By establishing the role of the trade policy regime in harnessing the gains from foreign presence at national 

level, these models are of immense policy relevance and the results form the basis for the policy 

recommendations of this study.The following hypotheses were tested: 

(i) The trade policy of Zimbabwe does not enhance the direct and indirect impact  of FDI on growth. 

*for a positive contribution from the trade policy the value of ᵝ1in equations 3 and 4 was expected to be 

positive; and higher than in equations 1 and 2 for an improved impact due to the trade policy. 

(ii)  A more liberal/open trade policy does not contribute more to productivity growth through FDI spillovers 

than an inward-looking or trade-restricting policy. 

*The coefficient, ᵝ1, was expected to be higher in phases 1 and 3 than in phase 2 for the study to fail to reject 

this hypothesis. 

3.1.3 Models 5 -13 

                                                 

 

 

9Such as the government size (measured by government expenditure), official development assistance, terms of trade, the rate of inflation (as a proxy for mac-

roeconomic instability) and institutional quality (representing political and institutional stability). 
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Models 4-12 extended the analysis in step 1 to sector level based on equation 5. These models were 

constituted by a repetitive estimation of equation 5 with sector-specific statistics.  Eight sectors were 

considered based on ISIC Revision 3 classifications10.  

The following hypothesis was tested: 

‘FDI spillovers have no significant impact on the productivity of each sector in   Zimbabwe’. 

3.1.4 Models 14 -22 

At this final stage of the analysis, the study estimated eight models for each of the eight sectors/categories 

based on equation 6. The aim was to establish the direction and extend of the impact of FDI spillovers on 

productivity of each sector, given the trade regime/policy for that period. 

These models were used to test the hypothesis that, ‘the effect of FDI spillovers on sector productivity is 

not higher under an export promotion regime than under an import promotion policy in Zimbabwe’. 

*β1 in equations 5 and 6 was expected to be positive in the presence of indirect FDI benefits to firm 

productivity as well as positive contribution from the trade regime.This coefficient was also expected to be 

more significant in phases 1 and 3 than in phase 2 for the study to fail to reject the hypothesis in equation 

6. 

Through assessing how productivity in each of the sectors responded to changes in the trade regime/policy 

over the three phases, this analysis forms the basis of the policy recommendations aligning the trade policy 

to ZIMASSET objectives in the concluding section of the study. 

4. FINDINGS 

4.1 Interpretation of Results 

Figure 1 in Annex III depicts the FDI and growth trends for the period under review and the remainder of 

the annexure presents a summary of the output from all regressions. 

Estimating the overall impact of FDI on per capita GDP for the period 1991-2012, the regression output 

revealed that FDI had a positive but insignificant direct effect on growth with a percentage increase in FDI 

resulting in a slightly lower than 0.04% increase in GDP and the indirect effect through productivity and 

technologyspillovers of -0.142% was also insignificant at 10% level.The inclusion of the interaction with 

openness in model 3 improved the results with direct effects of FDI (table 1, Annex III) rising by a margin 

of more than 100% from 0.037 to 1.20%, which is highly significant at 1% level. The technological spillover 

effect was also improved from -0.004% to 0.007% conditioned on the trade policy. Therefore, this study 

concludes that the NTP of Zimbabwe enhances the overall growth-inducing effect of FDI in Zimbabwe. 

                                                 

 

 

10Agriculture – including hunting, forestry & fishing;  Industry; Manufacturing; Mining- including manufacturing & utilities; Construction; Transport- including 

storage and communications; Services;  Wholesale – including  retail trade, restaurants &hotels; and Others- including other activities 

http://www.rcz.ac.zw/
http://www.rcz.ac.zw/


10th Zimbabwe International Research Symposium Book of Papers Presented (ISSN: 2412-2386) 

Published by Research Council of Zimbabwe   

Website: www.rcz.ac.zw   91 

However, the effects of the various degrees of openness analysed in three phases helps the study to either 

‘reject’ or ‘fail to reject’ the Bhagwati hypotheses in the case of Zimbabwe. Given below is the interpretation 

of the regression results for the three phases; 

4.1.1 Aggregate Analysis: 

The results for this analysis are presented in Table 1 of Annex III. 

Phase 1 (1991-1998) 

During this phase, Zimbabwe pursued a more liberal trade policy characterized by enactment of various 

trade liberalization measures both under ESAP and WTO commitments. Controlling for other growth 

ancillary variables, the direct effect of a percentage change in FDI on GDP was -0.084%. The negative sign 

was not expected considering that FDI has been proved by many previous researchers to be having a growth 

inducing effect. 

 The indirect FDI effects through technology and productivity spillovers were 0.061% and -0.019% 

respectively, giving a total FDI indirect spillover effect of 0.042%. The study observes that more gain from 

FDI in this phase was from its spillovers rather than from direct contributions through capital, technology 

or employment injections. The study could, therefore, not reject the hypothesis that FDI spillovers 

contributed positively to growth in this phase. 

Conversely, considering the trade regime and adding the openness factor in Model 3 only improved the 

direct effects of FDI on GDP to -0.011%, but the same policies did not enhance the benefits from technology 

and productivity spillovers (which declined to 0.006% and -.002% respectively). This could be attributed 

to the trade regime that focused mainly at just opening the economy to the global market, in this first phase 

of liberalisation, paying little attention to specific measures that are necessary for exposing the local 

companies to the expertise and technological advancements of foreign companies. These include putting up 

some tariffs or non-tariff measures in some of the sectors to enhance knowledge diffusion through local 

participation in foreign companies’ activities. 

Phase 2: 1998- 2008 

This phase was characterized by economic hardships leading the country to adopt more trade-restricting 

measures. The highlight strategy was import substitution. 

From estimation of model 1; FDI had a direct effect of -1.38% on FDI and the indirect effects from model 

2 were   0.0003551% and -0.0984637% for technology and productivity spillovers, respectively (with a 

combined effect of-0.0981086%). This significantly negative contribution to growth in this phase could be 

attributed to divestments and the brain drain that characterized this phase due to the ailing economy. 

 However, the dimension of interest to this study was from models 3 and 4. The results showed that the 

direct spillover effect, conditioned on the trade regime was -0.0229421% and the technology and 

productivity spillover effects were -.0001046 and -.0078228 respectively, resulting in a combined indirect 

FDI spillover effect of -.0079274%. This shows that the trade policy in this period improved the gains from 

FDI spillovers by a margin of more than 100% as well. 
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Comparing this to the margin with which FDI spillovers were enhanced by the trade policy in phase 1, the 

study could not safely conclude, at this stage, that the more open trade regime was favourable for enhancing 

the benefits from FDI spillovers. 

Phase 3: 2009-2012 

This period was more liberal than in phase2, characterized by the introduction of trade promotion measures 

including the re-introduction of the OGL. 

The results show from models 1 and 2 that FDI had a direct spillover effect of 0.853% on GDP and an 

indirect effect of 0.021% and 0.063% for technology and productivity spillovers, respectively giving a total 

impact of 0.084%. However, the addition of the trade policy variable, as an interactive term did not improve 

this relationship in any significant way. Therefore, the study could not accept the null hypothesis tested by 

model 3  and concludes that Zimbabwe benefits more from FDI spillovers under an import restriction policy 

rather than the export promotion condition proclaimed by the ‘Bhagwati hypothesis’. 

Overall, there was no significant impact of FDI in phase 1, but there was a negative and highly significant 

relationship in phase 2 (at 1%) level as well as a positive and highly significant relationship in phase 3. 

Literally, the contribution was negative during the period of economic downturn and positive during the 

period of economic recovery. This implies that FDI is a major determinant/component of growth in 

Zimbabwe and, therefore, cannot be ignored in any development strategy for the country. 

4. 1.2 Disaggregated / Sectoral analysis: 

Table 2 in Annex III summarises the FDI impacts on productivity of eight sector-categories for the three 

phases based on the degree of openness. Analysingthe statistics for the role of the national trade policy in 

harnessing the spillover benefits from foreign companies at sector level reveals the following; 

Agriculture sector; 

The sector significantly benefited (at 1% level) from foreign presence in phases 1 and 3 where the FDI 

elasticity of growth was 0.12% and 0.09%, respectively. The loss in growth in phase 2 was also enhanced, 

though not significantly, by the activities of foreign companies in the sector at an elasticity of -0.02%. 

However, the sector did not benefit much from the liberal measures adopted in phase 1 as it did with 

measures enacted in phase 3 where the degree of impact was improved from an insignificant -0.002% in 

phase 2 to a highly significant (at 1%) 0.11%.  

The study, therefore, concludes that the sector benefits more from a liberal trade policy. 

Industry; 

This sector benefited significantly (at 1% level) from foreign companies’ activities in the sector in phase 2. 

The trade regime during this period also helped to improve the benefits from FDI to this sector. The study 

therefore concludes that the more stringent measures adopted in this period helped to increase linkages 

(both forward and backward) in the sector and infers that some degree of protectionism is necessary to boost 

productivity in this sector. 
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Mining; 

Benefits from FDI in this sector were also portrayed to accrue from a more stringent trade policy. A positive 

and highly significant contribution from FDI in the sector was realized in phase 2. Therefore, productivity 

in this sector will benefit from application of protectionist measures. 

Manufacturing; 

With an elasticity of 0.05% portrayed in phase 2 (which was also higher than in any other period), the study 

conclude that this sector will also benefit from protectionist policies. 

Wholesale; 

The change in the trade regime was portrayed in the regression output to also affect productivity in this 

sector. The more open regime under phase 3 benefited the sector more with a production elasticity of 0.13% 

which was also significant at 5% level of significance. 

Transport; 

The transport sector also benefited significantly from the more open trade regime under phase 3. 

Others; 

The trade policy had no significant impact on other sectors, including the construction and services sectors.  

In the services sector, the country opened up some areas to foreign players (including financial services, 

tourism and telecommunications) in its offers under the WTO. The inference from these results is, therefore, 

that this initiative has thus far not significantly benefited the growth of the sector.  

4.2 Discussion of Results 

Statistics for the whole period of 1991-2012 (analysed as one phase) revealed a positive but insignificant 

effect of FDI spillovers on growth. This is in line with other previous researchers who have questioned the 

growth-inducing effect of FDI in developing-country cases.  Based on these results alone, this study argues 

that the FDI growth-inducing hypothesis is ambiguous in the case of Zimbabwe. 

The inclusion of the proxy for the trade policy/trade regime, however, helped to change the face of these 

statistics with an improvement in the magnitude of changes in GDP resultant from changes in FDI 

spillovers. The significance of this impact also improved from being insignificant at 10% to high 

significance at 1% level.  

Therefore, from overall analysis of the period under review, this study observes that the NTP of Zimbabwe 

plays a significant role in enhancing the absorption of spillover-benefits from foreign companies operating 

in the country. This agrees with previous studies that emphasised the role of the trade regime in conditioning 

the benefits from FDI. 

Nevertheless, the breakdown of the study into a 3-phase analysis was very helpful in assessing the trade 

policy that was/is most beneficial to the economy. Distinguishing the trade policy options into either IS (for 

restrictive policies) or EP (for liberal/ open trade policy), studies by Khopaiboon (2003), Li et al. (2001), 
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among a few others, showed that the growth-enhancing effects of FDI are stronger in countries that pursued 

an EP regime rather than IS. Contrary to these researchers, this study realizes that Zimbabwe benefited more 

from FDI spillovers under the IS policy rather than the EP thereby concluding that there is not enough 

evidence to accept the Bhagwati hypothesis in the case of Zimbabwe.  

This conclusion agrees with Kokkoet al. (2001) who discovered that the spillovers-effect of MNC activities 

has a higher positive impact under import substitution regimes. He asserts that in order to succeed in 

countries with an inward-oriented trade policy, MNCs are likely to use technologies that are not available 

to domestic firms (or, at least, only in a weakly developed form), thus creating a vast potential for the 

existence of demonstration and learning effects. With an outward-oriented trade policy, MNCs will base 

their advantage mainly on their international distribution and marketing networks and less on new 

production technologies; although in this case FDI spillovers can also occur through exports, the expectation 

is that they will be of lesser importance than with a restrictive trade policy regime. According to Altenburg 

(2000) it has also been argued that MNEs that are more focused on the local market establish greater inter-

sectoral relationships with domestic firms, increasing the possibility of spillovers. Javorcik (2004), using 

data for Lithuania, also found some evidence (albeit weak) to suggest that FDI projects oriented toward the 

domestic market generate more spillovers.  

Higher duties or protection on intermediate inputs for export oriented MNCs will also obviously enhance 

the possible emergence of inter-sectoral spillovers through an intensive use of local intermediate inputs by 

MNCs, which is a critical condition for the occurrence of spillovers through backward linkages. 

Splitting the spillovers into technological and productivity spillovers, this study realized that only 

productivity spillovers benefited from the national trade policy. This was also observed by Kumar (2003, 

p. 27) who pointed out that foreign companies in India’s software industry operate as “export enclaves”, 

suggesting that technological spillovers played a minor role as a transmission mechanism through which 

FDI may have promoted the development of IT services in post-reform India. This supports the argument 

by Kugler (2006) that foreign companies will try to minimise technology leakages to within-sector 

companies. The policy inference is, therefore, that the efforts by the NTP through such measures as the duty 

free importation of capital goods as well as encouragement of toll manufacturing initiatives have, thus far, 

not borne much fruit in addressing the technological gap concerns which limits the absorption capacity of 

foreign technologies by the indigenous companies. 

Having proved the potential importance of technological spillovers (depicted by ᵝ1 coefficient in equation 

2), the study recommends that other more direct policies through the ICT and industrial development 

policies can be used, to complement the investment and trade measures for the desired reduction in the 

technology gap between local  and foreign firms. 

The analysis of the specific sectors helps this study to derive precise conclusions on the best trade policies 

for each sector. The study realized that while the trade policy had ambiguous effects on other sectors; a 

more open trade regime will enhance investment benefits in the agriculture, transport as well as wholesale 

sectors. This could be because tariffs can only be associated with a dampened effect of vertical and 

horizontal linkages in these sectors but, overall tariff liberalization have a pronounced positive 
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impact.According to Lensink  and Morrissey (2006), FDI in this sector tends to be volatile as it is linked to 

the international commodity prices.  However, this volatility of FDI could not have a negative impact on 

growth as the typically high export orientation of FDI in the primary sector may counterbalance negative 

factors. 

However, industry, manufacturing and mining sectors will benefit more from a more restrictive policy. This 

implies that although industrial linkages were a part of import substitution industrialization strategy that 

has become less important since the 1980s, promoting linkages and policy-induced ones in particular should 

continue to linger in the minds of policymakers and development analysts in Zimbabwe.  

With a key policy inference highlighting the relative importance of the trade policy regime in harnessing 

the gain from foreign presence, the study contents that there is need to protect some sectors in order to 

realize a ‘whole-of-sector growth’ in the country. Liberalizing the foreign investment regime thus has to be 

leveraged by a mixed trade policy to maximize the gains FDI technology spillovers in these sectors. 

5. CONCLUSION AND RECOMMENDATIONS 

Conclusively, the study could not reject the hypothesis the NTP of Zimbabwe enhances the direct and 

indirect impact of FDI on productivity at both aggregate and sector levels. However, it rejects the hypothesis 

that a liberal trade policy enhances this impact more than a restrictive policy. The study provided new 

evidence to reject the Bhagwati hypothesis in the case of Zimbabwe. 

 From the analysis of models 1 and 2, it is evident that policies that enhance the absorption of spillovers 

from FDI will benefit the productivity processes in the country. Literature identifies such policies to include 

measures that affect (i) the possibility of imitation which involves adoption of new production methods and 

adoption of new management practices;(ii) skills acquisition through  increased productivity of 

complementary labour and acquirement of tacit knowledge11; (iii) competition involving reduction in x-

inefficiency12 and faster adoption of new technology; (iv)enhanced export propensity or market access 

involving economies of scale and the exposure to technology frontier. 

Moreso, it is evident from the sectoral review that, in a move to boost productivity under ZIMASSET, the 

trade policy should consider applying more liberal policies for the benefit of the agriculture, wholesale, 

transport and other sectors; but, protectionist13 policies are necessary for growth of the industry, mining and 

manufacturing sectors (as categorized in the ISIC Revision 3 classifications). 

                                                 

 

 

11Because FDI allows for some type of formal control of the technology or knowledge transferred from technological leaders to followers, it is expected to be a 

major vehicle for technological change in developing countries. 
12 The concept of x-efficiency was proposed by economist Harvey Leibenstein in his 1966 paper. X-inefficiency occurs when technical-efficiency is not being 

achieved due to little incentive to control costs or lack of competition. 
13 As noted by the UNCTAD WIR (2001, p. 138), the manufacturing sector comprises a broad range of linkage-opportunities and, according to (Wang, 1992), 

contagion from such linkages can take the form of imitation of processes or organisational innovations and increased competition that pushes other firms to adopt 

new technologies and modernize. Employee training and subsequent workers’ turnover can help disseminate a foreign firm’s superior know how. 
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The study recommends adoption of a selective-liberal policy for the benefit of projects under ZIMASSET. 

The NTP review should, precisely, consider raising duties of intermediate inputs for export oriented 

production as well as adoption of other NTMs such as higher local content shares generated by foreign 

exporting firms inorder to promote connections between foreign investors and local producers. Moreover, 

pursuing an import substitution regime14 will also help to curb the influx of imports into the country- which 

has been crippling operations of local industries. Lower (or no) export taxes should also be charged for 

exportation of finished and/or semi-finished products in order to encourage the benefits from export-

spillovers as well as increase the participation of indigenous companies in the global value chains. 

5.1 Aligning the NTP with the objectives of ZIMASSET (2013-2018) 

 An analysis of some aspects of the NTP (2012-2014) reveals that; 

i. Zimbabwe’s exports are dominated by primary products whose international prices are vulnerable 

to international shocks. The NTP emphasizes on the production and export of processed goods in 

all sectors of the economy including mining and agriculture as a way of managing the unpredicta-

bility of commodity prices on the international markets. The export of commodities is regulated in 

order to boost product beneficiation. Penalties are imposed on the exportation of primary products 

where value-addition options are readily available. This constitutes a set of non-tariff measures 

which, consistent with Kokkoet al. (2001), encourage linkage creation (both backward & forward) 

and increase vertical spillovers.  

This augurs well with the objectives of ZIMASSET. 

ii. The Policy exempts four priority sectors, [namely, agro-processing (food and beverages, clothing, 

textiles and leather, wood and furniture), fertilizer industry, pharmaceuticals and metals &electri-

cals] from duties on imported inputs and offers preferential access to trade finance in order to boost 

the level of exports. This is in line with the national industrial development policy (IDP). According 

to literature, the access to trade finance is likely to attract more investment into these sectors but, 

the exemption from duty is expected to dilute the spillover benefits from the additional FDI due to 

limited incentives for backward linkages created by the exemption from duty.  

In the value addition and beneficiation spirit of ZIMASSET, this aspect needs to be revisited in the review 

of the NTP. 

                                                 

 

 

 Likewise, IS induces efficiency-seeking investment which, as argued by (Aykut D. and Sayek S., 2007)enhances technology and knowledge spillovers 

particularly in the manufacturing sector. 
14 in line with Khopaiboon’s eclectic theory 
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iii. The trade policy of Zimbabwe also put emphasis on expanding trade in services. As noted by other 

studies that aliken this sector to the primary sector, investment in this sector is usually capital inten-

sive and, thus, limits the possibility of gaining from technology spillovers. Nonetheless, the sector 

has recently taken a center stage in directing the international flows/ movements of FDI. 

Opening up more areas in this sector will definitely increase benefits from FDI spillovers. However, this 

will have to be complimented by other direct policies/measures that encourage technology diffusion such 

as minimum employment and training of local personnel thresholds for foreign companies. 

iv. Zimbabwe is engaged in a number of bilateral, regional and multilateral trading arrangements. In 

the region, the country is a member of COMESA, SADC and is also negotiating the Tripartite Free 

Trade Area. Recently, it has been suggested that spillovers have a circumscribed geographical di-

mension or, at least, that they decrease with distance. The reason is related to the fact that the chan-

nels of technological diffusion are reinforced at the regional level [Girma (2003), Girma & Wakelin 

(2001), Jordaan (2005)and Torlak (2004)]: labor turnover and demonstration effects are limited in 

space; vertical linkages are mainly regionally confined, due to transport costs; finally, the competi-

tion effect is stimulated at a more circumscribed scale, both in its positive and negative dimensions. 

In addition, FDI is expected to take place once there is significant trade between the foreign investor 

and the host country to justify advantageous production relocation in the light of factor reward dif-

ferentials, so that FDI and trade are expected to be complementary to each other [Lipsey and Merle 

(1981),Markusen (1983)].Thus a country's trade policy, with respect to regional integration strategy, 

is also a very crucial determinant of the growth inducing effect of FDI. 

Thus establishing the trade links or the presence of natural trading partners will definitely go a long way in 

increasing the export and productivity spillovers from FDI. 

ANNEX I:  Regression Variables 

Y = GDP or output levels at current prices expressed in millions of dollars 

FDI = FDI stock, which is the value of the share of their capital and reserves (including retained profits) 

attributable to the parent enterprise, plus the net indebtedness of affiliates to the parent enterprises. 

FDI stock is a more preferable measure to inflow as it is more stable and it gives a better reflection of the 

lasting or long-term interests by the MNC in operating in a given host country. 

The statistics were available readily from the UNCTAD database both for regional and individual country 

analysis, measured in US$ at current prices. 

Capform= gross fixed capital formationHC= total labourforce in absolute values 

Open= (M + X)/GDP 

Aid =Official Development Assistance (ODA)  
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T.o.T=Terms of trade, refers to the relative price of exports in terms of imports and is defined as the ratio 

of export prices to import prices. 

Foreign share = proxied by FDI stock as a percentage of gross fixed capital formation x sector output.  

Demand = govcons + hsholdconsumtion= total consumption 

Derived demand for sector) = dd *sector output/GDP 

ANNEX II: Regression Diagnostics 

 In order to ensure that the results of the study will not be misleading, the distribution of the variables was 

examined, verifying that the data met the Gauss-Markov assumptions underlying OLS regression15.  The 

STATA package was employed to check on how well the data met the following assumptions; 

 Checking Normality of Residuals16- The study accepted that the residuals are normally 

distributed if a normal-distribution curve was observed using the kdensity command or the p-

value from the swilk test was larger than 0.05. 

 Serial correlation17 - The regressions tested and corrected for serial correlation of the error term 

using the Breusch-Godfrey Test18.The test's null hypothesis was; there is no first-order 

autocorrelation of  errors and the decision rule (i) using the Durbin- Watson Test was to reject 

the hypothesis if d <dL= 1.088; not reject the hypothesis if d> dU=1.939 and if 1.088 ≤ d ≤ 1.939, 

then the test would be inconclusive. 

 (ii) using the Breusch-Godfrey Test, the hypothesis was to be rejected if the p-value was less 

than 0.05. 

 Model Specification19 (using the ovtest command)-the null hypothesis that the model is 

specified correctly. The null hypothesis cannot be rejected if the p-value is greater than 0.05 but, 

a p-value of less than 0.05 is significant and indicates that there are omitted variables. 

 Test for heteroscedasticity (using the hettest’s Breusch-Pagan test) - the null hypothesis that 

the variance of the residuals is homogenous. Therefore, if the p-value was very small (less than 

                                                 

 

 

15J. M. Wooldridge (2006) “Introductory Econometrics: A Modern Approach” 4th edition, South-Western 
16 Normality is not a requirement for obtaining unbiased estimates of the regression coefficients. However, this study runs the normality test 

just to ensurethat the p-values for the t-tests and F-test (which form the basis for the overall decision to reject or not reject the null hypothesis) 

will be valid. 
17 Even though Serial correlation does not affect the unbiasedness or consistency of OLS estimators, it affects their efficiency. The test 

confirms whether the errors associated with one observation are not correlated with the errors of any other observation 
18The test is more general than the Durbin–Watson statistic (or Durbin's h statistic), which is only valid for nonstochasticregressors and for 

testing the possibility of a first-order autoregressive model (e.g. AR (1)) for the regression errors. The BG test has none of these restrictions, 

and is statistically more powerful than Durbin's h statistic. 

 
19 Model specification errors affect the estimate of regression coefficients. 
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0.05) I would reject the hypothesis and accept the alternative hypothesis that the variance is not 

homogenous. 

 Test for Multicollinearity (using the vif command after the regression) - the null hypothesis 

was that there is no multicolleniarity among the variables. A variable whose VIF values are 

greater than 10 or a tolerance value lower than 0.1 could be considered as a linear combination 

of other independent variables and merits further investigation20. 

ANNEX III: Regression Outputs 

 

Source: author’s own computations from UNCTAD data 

 

 

 

 

 

                                                 

 

 

20vif stands for variance inflation factor. Tolerance, defined as 1/VIF, is what many researchers use to check on the degree of collinearity, a tolerance value lower 

than 0.1 is comparable to a VIF of 10. 
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Table 1: Analysing TP effect on FDI benefits at national/aggregate level 

Model Phase 1 Phase 2 Phase 3 

1. β1FDI: 

   Coefficient, 

   Standard error, 

   Significance level 

 

-0.0841176 

0.1119468 

Not @ 10% 

 

-1.382045 

0.209978 

*** 

 

0.8531555 

0.1678711 

** 

2.(i) β1FDI*gk: 

   Coefficient, 

   Standard error,  

   Significance level 

 

0.0605293 

0.0811428 

Not @ 10% 

 

0.0003551 

0.0016578 

Not @ 10% 

 

0.020999 

0.0167244 

Not @ 10% 

2. (ii)β1FDI*hc: 

   Coefficient, 

   Standard error,  

   Significance level 

 

-0.08186747 

0.0182044 

Not @ 10% 

 

-0.0984637 

0.0069577 

*** 

 

0.063328 

0.0235026 

Not @ 10% 

3. β1FDI*open: 

   Coefficient, 

   Standard error,  

   Significance level 

 

-0.0110706 

0.0099252 

Not @ 10% 

 

-0.0229421 

0.035832 

Not @ 10% 

 

0.0652269 

0.0168379 

** 

4. (i) β1FDI*gk*open: 

   Coefficient, 

   Standard error,  

   Significance level 

 

0.0062191 

0.0092719 

Not @ 10% 

 

-0.0001046 

0.0010783 

Not @ 10% 

 

-0.0062457 

0.001113 

Not @ 10% 

4.(ii) β1FDI*hc*open: 

   Coefficient, 

   Standard error,  

   Significance level 

 

-0.0020626 

0.0017408 

Not @ 10% 

 

-0.0078228 

0.0043531 

Not @ 10% 

 

0.0139957 

0.001308 

Not @ 10% 

Source: own summary from STATA output 

Note: Significance levels *, **, *** represent significance at 10%, 5% and 1%, respectively. 
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Table 2: Analysing TP effect on FDI benefits at sector-level 

 Phase 1 Phase 2 Phase 3 

Sector/model Equation 4 Equation5 Equation4 Equation5 Equation4 Equation5 

Agriculture 

0.115003 0.0117562 -0.019596 -0.002155 0.0850536 0.112981 

  Standard  error 

0.028313 0.0034421 0.0132058 0.0015362 0.0020543 0.000207 

  Significance *** ***   *** *** 

Industry 0.0116371 -0.01675 0.0306384 0.108007 -0.048532 -0.23337 

Standard error 

0.0593925 0.176278 0.0078609 0.028592 0.0177797 0.094375 

Significance   *** ***   

Mining 0.0224833 0.00299 0.0327181 0.110397 -0.046094 -0.21709 

Standard error 

0.0648302 0.176847 0.0081545 0.027449 0.0015908 0.082521 

significance  ** *** ***   

Manufacturing 

0.029782 0.012915 0.0212852 0.049875 -0.00638 -0.01588 

Standard error 

0.0693014 0.152309 0.0165626 0.024564 0.001172 0.003121 

significance  *  * ** ** 

Construction 0.1428804 0.036035 0.1291133 0.018189 0.3054003 0.026205 

Standard error 

0.0522926 0.017508 0.0187835 0.004467 0.007325 0.001272 

significance *** * *** *** *** *** 

Services 0.0102402 0.057954 -0.0088399 -0.0432 -0.00038 -0.00472 

Standard error 

0.0093829 0.047456 0.0090311 0.042553 0.0081038 0.054527 

significance       

Wholesale 0.0073753 0.005591 0.0150198 0.029621 0.0906504 0.126018 

Standard error 

0.02264141 0.04156 0.0115571 0.022316 0.017358 0.019405 

significance     ** ** 

Transport 0.0778328 0.046612 0.0108122 -0.00189 0.0632895 0.126039 

Standard error 

0.0281369 0.017764 0.0619704 0.045614 0.0220365 0.044999 

significance ** **   *  

Others 0.017846 0.057216 -0.001487 -0.00104 -0.10141 -0.36148 

Standard error 

0.0117731 0.032713 0.0196691 0.046287 0.0189233 0.056487 

significance     ** ** 

Source: Author’s own summary from STATA regression output 

Note: Significance levels *, **, *** represent significance at 10%, 5% and 1%, respectively. 
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ABSTRACT  

The role of cash holdings in bank portfolios has come to the fore during the crisis. The banks are exposed 

to hot money and to ever changing customer behaviour. The optimal management of bank liquidity requires 

a delicate balance between liquidity risk and income. However, there are liquidity black holes. The research 

aims to define banks’ specific cash needs and segment the unitary liquidity portfolio into a range of different 

functions from daily liquidity to cash reserves using stochastic programming models. An effective 

integrated risk management framework and practical decision support tools for total liquidity risk 

management need to be defined. The data used is from Reserve Bank of Zimbabwe from year January 2010 

to August 2014. We found out that increasing the bank’s threshold and reducing shortfall increases bank 

liquidity. It is strongly recommend the banks to segment the unitary liquidity portfolio into four sub-

portfolios with specific objectives. The success in liquidity management through adopting the proposed 

model leads to success in empowerment programmes and enhance economic development. 

Keywords: Liquidity risk, liquidity portfolio, scenario tree, stochastic programming 

1. INTRODUCTION 

Liquidity risk for a bank includes both the risk of being unable to fund its financing commitments and the 

risk of being unable to meet the demand for withdrawals. The shortage of liquidity is said to be an assassin 

of banks and liquidity surplus is considered a drag on competitiveness.  Currently, the empowerment 

programmes and economic policies success are hinging on efficient and effective liquidity management, 

and appropriate policies. Banks face two central issues regarding liquidity. The main purpose of banks is to 

manage liquidity creation and also to manage liquidity risk. By creating liquidity in the market, the banking 

industry serves an important role in the country's economy. However, the banks suffer from “tunnel vision”, 

that is to determine optimal decisions under a specific circumstance where the management assume perfect 

foresight. 

According to (2), liquidity risk emanates from the nature of banking business, from the macro factors that 

are exogenous to the bank, from financing and operational policies that are internal to the banking firm. The 

sources of liquidity include the maturity mismatch of assets and liabilities, inability of the bank to convert 

its assets into cash without loss and unanticipated recall of deposits. 

Until recently, liquidity was not the main focus of banking regulators. A number of liquidity-related 

management models have been developed; see (1, 6, 7, 9). (1) proposed a method that can be used to 

calculate liquidity buffer. In his model, (1) defined the following variables; the wholesale, retail, off-balance 

sheet, intra-day and downgrade requirements.  
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The liquidity demand model was considered by (6), and computed a liquidity demand arising from a 

possible maturity mismatch between asset revenues and consumption. (7) developed an integrated model 

for optimal asset allocation in commercial banks that incorporates uncertain liquidity constraints that are 

ignored in risk-adjusted return on capital and economic value added models. A model of bank liquidity risk 

driven by solvency was proposed by (9). In his model, he defined the interaction between liquidity 

requirements, access to refinancing and liquidity risk. 

Previous and most recent liquidity management models developed looked at liquidity as a unitary portfolio. 

In this research, building on (3) literature, we construct four sub-portfolios that will specifically focus on 

banks’ liquidity needs to enhance empowerment programmes and economic development. There is wide 

agreement that insufficient liquidity buffer are the root causes of the 2007 to 2009 liquidity crisis. The 

research aims to define bank's specific cash needs and segment the unitary liquidity portfolio into a range 

of different functions from daily liquidity to cash reserves. Thus the main aim of the liquidity portfolio is 

to ensure that the liquidity needs is met and transform to economic development. We construct a two-stage 

stochastic programming model to manage the liquidity portfolio. To meet the liquidity requirement, we 

maximise the objective function. The choice of stochastic programming led to the development of an 

effective integrated risk management framework and practical decision support tools for total liquidity risk 

management. The empirical validation of the models is done through extensive numerical tests using real 

market data.  

The paper is organised as follows; Section 2 we develop a two-stage stochastic programming model. Section 

3 is devoted to methods used to collect data and its statistical characteristics. The stochastic solutions are 

presented in Section 4. Finally, in Section 5 we give meaning to the presented empirical results in 

conjunction with data characteristics and Section 6 concludes. 

2. MODEL FORMULATION 

Building on (3) liquidity management literature, we construct a two-stage stochastic programming model 

to maximize the difference between the threshold and the shortfall. The four segments of the overall 

liquidity portfolio are the core liquidity, cash cushion, operational cash and discretionary liquidity sub-

portfolios. The core liquidity sub-portfolio focuses on preserving the liquidity buffer through investing in 

short-term and high quality liquid assets. The cash cushion sub-portfolio focus on holding cash in transit 

through maximizing interest earned spread. The third operational cash sub-portfolio is designed to meet 

short to near-term cash requirements over a horizon time of ninety days to one year. It is funded by 

individual money market securities, including time deposits, ultra short bond funds and commercial paper. 

Finally, the discretionary liquidity portfolio is used to support medium-term funding needs and is funded 

by debt to provide flexibility in executing the funding programme over the medium term and to 

opportunistically permit borrowing ahead of cash flow needs and bolster bank's access to short-term funding 

through continuous presence in the market. Now we start by defining model notations below. 

Model Parameters 

Ii   Set of portfolios 
Jj    Set of liquidity sub-portfolios 
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Ssn    Set of scenarios 

 1,0  The probability of the overall portfolio ending value less than or equal to   

  threshold 

B   The total budgeted amount 

D   The difference between the threshold and shortfall 

G   The target expected return 

R   Total value of overall liquidity portfolio at the end of stage 1 
s

jr   The sub-portfolio j  returns from scenario s  

Decision Variables 

Z  The value-at-risk threshold at stage 0 decision 

jx  The amount invested in sub-portfolio j , a stage 0 decision 

2.1 Scenario Tree 

We need to generate scenarios for each sub-portfolio returns. Now consider a case where the random vector

s , has a discrete and finite distribution with Ssn  . We denote 
nsp  as the probability of realization of 

scenario s , where 1
Nn

sn
p  must be satisfied. A scenario is defined as a path from the root of the tree to 

one of the leaves. The nodes visited by each path correspond to the values assumed by random parameters 

in the model. The random variable portfolio return scenarios can be computed by equation [1] that follows 

below; 

     tCIrt rr        [1] 

In the scenario tree at stage 0, the 
0

jx
represents the initial amount invested in each sub-portfolio to be 

decided under event space having three possibilities 
 131

2

1

11 ,, 
, with probabilities

 1
3

1
2

1
1

,,


ppp
, 

respectively. The event space 1 represents portfolio returns. At the beginning of stage 1, the sub-portfolio 

returns are revealed. An investment decision factoring in the random return is made at the end of stage 1 

under event space 
 2

3

2

2

2

12 ,, 
 with probabilities

 2
3

2
2

2
1

,,


ppp
, respectively. At the beginning of 

stage 2, the difference between threshold and shortfall in computed. We need to note that the event space 
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Figure 1: Scenario Tree 

 
2.2 Two-Stage Stochastic Programming Model 

The advantage of stochastic programming models is that they provide a generic framework to model 

uncertainties and enables decisions that will perform well in the general case. In this model, we need to 

maximise the difference between the threshold and shortfall. We assume that the bank invests in four liquid 

sub-portfolios. Then we construct the following stochastic programming model. 
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The equation [2] denotes the objective function where we maximize the weighted combination of threshold 
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The function ns

jrZ   is the amount the portfolio value falls short of threshold, a stage 1 decision. The 

constraint [3] is the stage 0 decision where the bank cannot invest more than the budget. The target expected 

return is denoted by constraint [4].The constraint [5] denote the total value of overall liquidity portfolio at 

the end of stage 1. The constraint [6] denotes the amount by which portfolio falls short of threshold. The 

non-negativity constraints are denoted by equation [7]. 

3. METHODOLOGY 

The choice of stochastic programmes has been made for several reasons. In this research, SP can 

accommodate general distributions and dynamic aspects by means of a scenario tree. We do not explicitly 

assume a specific stochastic process for the sub-portfolio return but viewed as an independent and 

identically distributed random variable; and we rely on empirical data distributions. The Lingo 14 software 

was used to solve the constructed two-stage stochastic programming model. The monthly data used is from 

Reserve Bank of Zimbabwe from year January 2010 to August 2014. We start by computing the statistical 

characteristics of historical data. The Lingo 14 software was used to analyse the data.  

Table 1: Statistical characteristic of Historical Data 

Statistical 

Measure 

Liquid Assets 

Held 

Prescribed Liquid 

Assets 

Excess Liquid 

Assets 

Total Liabilities 

Average 1179.6 705.76 473.83 4099.4 

Standard 

Deviation 

279.27 319.68 103.57 1251.1 

Kurtosis -0.99099181 -1.053092957 0.311943937 -1.210297369 

Skewness -0.024691836 -0.475092527 -0.41657107 -0.302678589 

Minimum 704.50 122.00 200.30 1844.1 

Maximum 1716.1 1123.4 696.50 5912.6 

The Table 1 above shows the statistical characteristics of liquid assets held, the prescribed liquid assets, 

excess liquid assets and the total liabilities of all commercial banks. The Table 2 that follows shows the 

characteristics of random variables. 
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Table 2: Random Sub-Portfolio Return Statistical Characteristics 

Statistical 

Measure 

Core Liquidity 

Portfolio 

Cash Cushion 

Portfolio 

Operational 

Cash Portfolio 

Discretionary 

Liquidity 

Portfolio 

Average 1.02593 1.008743 1.006531 1.01260 

Standard 

Deviation 

0.27691 0.140659 0.106185 0.0648885 

Kurtosis 5.537219 17.3288 0.669912 1.530876 

Skewness 1.35321 2.58914 -0.005345 0.55568 

Minimum 0.4 0.588 0.75 0.882353 

Maximum 2 1.75 1.25 1.2 

The historical liquid asset held required liquid asset, excess liquid asset and total liability data exhibit 

skewed distributions; they also exhibit considerable variance in comparison to their mean. In addition, the 

random variables sub-portfolio returns exhibit excess kurtosis, implying heavier tails than the normal 

distribution. Thus, we need to generate scenarios for sub-portfolio return that comply with historical 

observations, without relying on the normality assumption. We rely solely on the observed actual liquid 

asset held and sub-portfolio returns in the market. We estimate the first four moments and we generate 

scenarios based on these statistical characteristics. The scenarios are generated so that the first four marginal 

moments of the random variables match their historical values. 

4. RESULTS 

We plot time series of the liquid assets held, the prescribed liquid assets, the excess liquid assets and the 

liability as shown in Figure 2 below. The excess liquidity (Figure 2(a)) is not stable implying that banks are 

exposed to liquidity risk comparing to total liability in Figure 2(d). 
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   (c)      (d) 

Figure 2: Time Series Plot 

In analysing the stochastic programming solution, we start by observing the global optimal status. In this 

case, solution status is globally optimal implying that the results are valid. Now we turn to Table 3 where 

results of different components are shown. Of prime importance, are the stochastic objective values, which 

are the expected objective values over all different cases and scenarios. 

Table 3: Stochastic Programming Solutions when  is changing 

Probability Obj Inf EV EWS EVPI EM EVMU 

025.0  42.51550 0 42.51550 53.93086 11.41535 -153.8827 196.3982 

05.0  85.03101 0 85.03101 107.8617 22.83071 -102.1269 187.1579 

14.0  238.1424 0 238.1424 302.0128 63.87038 84.19390 153.9485 

33.0  563.1944 0 563.1944 711.8873 148.6929 477.5379 85.65652 

4.0  693.9000 0 693.9000 862.8937 168.9937 622.4541 71.44591 

The probability value  is changing and the objective value is also changing. Here the objective value 

increases as the probability increases. The expected values of the weighted difference between threshold 

and shortfall (hereinafter, EV) are the same as the reported objectives for the model, further giving weight 

to the results. The expected value of wait-and-see model's weighted difference between threshold and 

shortfall  (hereinafter, EWS) reports  are different from the expected value of the objective if we could wait 

and see the outcomes of all random variables before making decisions. The stochastic programming 

notations and facts are explained in Appendix 1. However, in reality it is not possible to wait. 

 

 

 

 

 

5040302010

6000

5000

4000

3000

2000

Index

lia
b
il

5040302010

700

600

500

400

300

200

Index

e
xc

e
s
L
iq

http://www.rcz.ac.zw/
http://www.rcz.ac.zw/


10th Zimbabwe International Research Symposium Book of Papers Presented (ISSN: 2412-2386) 

Published by Research Council of Zimbabwe   

Website: www.rcz.ac.zw   112 

Table 4: Stage 0 Solutions 

Solution 025.0  05.0  14.0  33.0  4.0  

Threshold 1700.620             1700.620             1704.930             1715.286             1924.015             

Core liquidity 0.000000             0.000000             0.000000             0.4624592             620.5734             

Cash Cushion 0.000000             0.000000             0.000000             0.000000             0.000000             

Operational 

Cash 

1389.937             1389.937             1700.000             1699.538             1079.427             

Discretionary 

Liquidity 

310.0629             310.0629             0.000000             0.000000             0.000000             

The Table 4 above shows the decisions that should be taken by the bank in the initial stage. The values 

changes as the probability changes. From Table 4, the cash cushion portfolio is zero implying that changing 

the probability value will not have an influence on investing in cash cushion sub-portfolio. 

Table 5: Random Variable Distribution 

Return Mean Standard Deviation 

Core Liquidity 1.217783      0.2502227       

Cash Cushion 1.113193      0.1338227       

Operational Cash 1.117031      0.1000602       

Discretionary Liquidity 1.037102 0.03391588 

The Table 5 shows the return distribution of each sub-portfolio generated through solving the model. The 

distribution of random distribution is assumed not follow any process and we assume they are stochastic. 

The sub-portfolio return values are constant regardless on the probability value. The resulting scenarios are 

assumed to be equi-probable in our tests, but generally they do not have to be. 

5. DISCUSSION 

Through analyzing the excess liquid assets and liabilities in Figure 2(c) and (d), we can infer that the 

banking industry in generally less liquid. The liquid problem manifests itself in two stages which are the 

apparent stage and confirmation stage. The decrease in excess liquid asset and increase in total liabilities 

implies increase in cash withdrawals and other cash outflow activities and less cash will be put to good use 

in empowerment programmes and economic policies.  

Changing the value of the probability and holding all other variables constant, the stochastic solution 

changes in tandem to probability value. Thus increasing the value of the probability, it increases the 

objective value and vice versa. The infeasibilities value is zero implying that no constraints were violated 

in the deterministic equivalent model.  
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Comparing the values of EWS and EV, we expect EVEWS   since we are maximising the difference 

between the threshold and the shortfall. However, as the value of probability changes, the threshold changes 

as well as the amount invested in each sub-portfolio. 

The expected value of perfect information (hereinafter, EVPI) is used to compare EWS and EV and 

measures the maximum amount the decision maker should be willing to pay in return for complete and 

accurate information regarding the future outcomes of the underlying sub-portfolio returns. It can be 

computed as follows;
EWSEVEVPI 

. In all cases, the ratio of total EVPI to total costs of stochastic 

value is 20.791% implying that the decision maker is willing to pay an average of 20.791% per given period. 

The expected value of policy based on mean outcome (hereinafter EM) is different from the expected true 

weighted difference between threshold and shortfall implying that all returns take on different values from 

their mean. The expected value of modeling uncertainty (hereinafter EVMU) is non-zero and is calculated 

as follows; EMEVEVMU  . This means that we did gain by taking into account uncertainty in our 

model analysis. 

Now we turn to the value of stochastic solution (hereinafter VSS) which can be computed as follows;

RPEEVVSS  . VSS is zero and it measures how good or bad a decision obtained by EV. In this case, 

the solution is not bad. EEV is the expected result of using EV solution. Therefore, we can observe that

EWSRPEV  , 0EVPI and 0VSS which are consistent with (4) and (5) conditions. Therefore, at 

this level, we can infer that the scenarios generated are reliable and valid. 

6. CONCLUSIONS 

The banks generally hold a unitary liquidity portfolio and not necessarily segmented to focus on bank 

specific liquidity needs. A two-stage stochastic programming model to maximize deviation between 

threshold and shortfall was constructed. A scenario generation model to generate sub-portfolio return 

scenarios is developed. The sub-portfolio return is stochastic and therefore we represent it on a scenario 

tree. 

From Lingo solution output, we observed that the model is feasible. We further analysed whether the 

scenarios are reliable and valid. After assessing the value of stochastic solution, we inferred that the 

scenarios generated and results computed are reliable and valid. The change in probability value has an 

effect on the level of difference between threshold and shortfall.  

We conclude that the greater the optimal weighted difference between the threshold and shortfall, the better 

the bank liquidity is. So it is worthwhile increasing the threshold as long as the fraction of outcomes less 

than the threshold is less than the probability. We strongly recommend that banks should design four 

liquidity sub- portfolios which are sub-portfolio of the liquidity portfolio. The success in liquidity 

management through adopting the proposed model leads to success in empowerment programmes and 

enhance economic development. The objective and funding of each sub-portfolio should be clearly defined. 

A stochastic programming model may be used to determine the value of each sub-portfolio since it has an 

advantage that the banks are well-hedged against worst-case scenarios.   
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However, bank liquidity is restricted by capital adequacy, required reserves, liability and deposit insurance 

defined by the central bank. Further research can be done on other methods to generate sub-portfolio return 

scenarios. The appropriate instruments per sub-portfolio in relation to liquidity needs need more 

investigation.  
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Appendix 1 

We define the basic facts and notations according to (8). 

        ],[max],[max 21   xhxfxz XxXx       [A1] 

where 

x               First-stage decision variable restricted to the set nX   

             The expectation with respect to a random vector  defined on some probability  

         space  pF,,  and given probability distribution p on the algebra F . 

2h             The recourse function, the value of another optimisation problem  

 ],[ 2  xh  The expected recourse function 

The recourse function is 

           ,,max, 2,2 xyfxh xYy     [A2] 

The function reflects the costs associated with adapting to information revealed through a realisation  of 

the random vector . The solution *x  obtained by solving A1 is the here-and-now solution and 

        ,*xzRP       [A3] 

is the optimal value of the associated objective function. 

Replace all random variables by their expected value and solve the deterministic programme 

 - the expected value problem (EV)  
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      ,max xzEV Xx      [A4] 

where    . Let  x  be an optimal solution to A4, 

called the expected value solution and let EEV be the expected cost when using the solution   x : 

         ,xzEEV       [A5] 

The value of the stochastic solution (VSS) is then defined as 

     RPEEVVSS       [A6] 

and it measures the expected increase in value from solving the stochastic version of a model rather than 

the simpler deterministic one.  
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ABSTRACT 

The Government of Zimbabwe (GoZ) aims to eradicate urban poverty. The Zimbabwe Agenda for 

Sustainable Socio-economic Transformation (Zim-asset) is the latest attempt to achieve this aim. In keeping 

with the aim of the Zim-asset, the study examined the effect of access to financial services (independent 

variable) on poverty (dependent variable) in Gweru City. In the study, respondents with income level below 

$2/day proxy urban poverty. The financial exposures used were; Saving Account, ATM/Credit/Debit Card, 

Fixed Deposit, Loans, and Mobile Banking to proxy access to finance. The Logit model was used to analyse 

the influence of access to finance on poverty in the City. The study, which involved 300 respondents found 

a direct link between the two variables. Enhancement of access to finance by the poor urbanites is 

recommended.   

Keywords: Finance, Financial Services, Urban Poverty, Gweru City, Zimbabwe 

INTRODUCTION 

In Africa, urban poverty is increasing with urbanisation. Urban poverty as a social ill which manifests itself 

in urbanites’ failure to accessing basic needs such as adequate nutritious food, decent clothes and shelter, 

clean water, quality education and health services. Nelson Mandela asserts that in Africa, the rights of poor 

people have been trodden upon for too long. (1)  

In most urban areas located in Africa, goods and services are often too expensive for people whose incomes 

are pegged below poverty datum lines. Inadequate income levels are associated with diseases, slums, 

overcrowding, and lawlessness. In this regard, Chirisa asserts that poor urbanites are living in areas of 

‘concentrated disadvantage’.  (2)  

In Zimbabwe, as much as urban poverty is a result of the rural-urban drift, it is also a result of the economic 

sanctions that were imposed on the country in 2001 by Western countries. The effect of the sanctions is that 

between 2001 and 2006 the mean Gross Domestic Product (GDP) dropped to -5.7%; the lowest GDP since 

the country’s independence from Britain in 1980. (3) The sanctions, whose aim was to dislodge President 

Mugabe from power exacerbated the household poverty in the country. To date, 2015, the West continues 

to relentlessly purse its regime change agenda. The stance of the West is better described by the 

Machiavellian Theory which states that the end justifies the means.  

Urban poverty in the country is also linked to population growth that is not supported by economic growth. 

In 2014, the mean economic growth was 2.7% and yet the mean fertility rate per woman was 3.8. This 

disproportionate scenario exists in an economy where women constitute 52% of the 13 million people living 

in Zimbabwe. (1) 
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Access to finance is an important factor in development. This study defines development from an 

Evolutionism perspective which states that development is an all-embracing permanent process of 

cumulative progress in human life. Thus, true development is people-oriented and anti-poverty. Since 

independence from Britain in 1980, Zimbabwe has availed loans to the urban poor under its affirmative 

policies. However, the prevalence of urban poverty in the country is increasing; household poverty is 38.2%, 

individual poverty is 46.5% and extreme poverty is 5.6%. (4) In 2011, 94% of paid employees received an 

income equal to or below the total consumption poverty line (TCPL) for an average family of five, while 

three out of every four employed persons in Zimbabwe were classified under ‘vulnerable employment’. (4) 

This study investigated the link between urban poverty (dependent variable) and access to financial services 

(independent variable). In this study, access to finance is the ability of an individual to access services such 

as; loans, insurance, deposit, and payment to finance business start-ups, purchase the basic needs for 

survival, and pay for education and health services. People who are involuntarily excluded from accessing 

finance are the unbanked and such people are usually powerless, voiceless and socially excluded. Thus, 

access to finance is a key factor in development. Embedded in the discourse of access to finance are the 

following dimensions; availability of financial services, cost of accessing the services, the range and quality 

of services available in an economy.  

Poverty and access to finance are indirectly related; access to finance by adults in Tanzania (poor economy) 

is 5 % compared to 100% in the Netherlands (developed economy). (3) In this regard, access to finance, 

among other factors, is an important factor in development. 

The study was conducted in Gweru, the capital city of the Midlands Province. The map below shows the 

location of Gweru District which houses Gweru City.  

 

Figure 1: Map of Zimbabwe showing Gweru city in the Midlands Province 

Source: Map drawn for this Article by K C Muringazine; Midlands State University 
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The city of Gweru has a population of 156 000 people (5). The City is a service industry that is located on 

the Great Dyke, which itself has huge mineral deposits. The Great Dyke is associated with gold, platinum, 

asbestos and chromite. In addition to mineral resources, the City is located in Agro-region III, which is 

suitable for cropping. Prior to the 2000 to 2009 economic crisis in Zimbabwe, Gweru was affectionately 

regarded as the City of Progress. This is no longer the case, poverty levels are escalating in the city. The 

cost of the Basic Needs Basket for Gweru has decreased by approximately 1.05%, from US$529.39 in 

November 2013 to $523.85 in January 2014. (6)  

OBJECTIVES 

The major objective of the study was to establish the link between access to financial services and urban 

poverty. The first specific objective of the study was to feed ideas into Cluster 3 of the Zim-asset whose 

aim is to eradicate poverty in Zimbabwe by 2018. The second specific objective was to document the 

influence of financial services on poverty in the City. 

METHODOLOGY 

Primary data were collected using a structured questionnaire administered to 300 residents of Gweru City. 

The City was randomly selected from the 26 urban centres in the country. P0.04 was the probability of each 

urban centre being selected for the study. The residents of the City are predominantly black Africans. Five 

suburbs (Senga, Mtapa, Mambo, Riverside and Christmas Gift) were randomly selected to represent the 

population of the study.  0.12 was the probability of each suburb being selected for the study. The 

respondents were purposively selected due to the absence of a sample frame. 

In line with the International Monetary Fund and World Bank measure of poverty, respondents with income 

level below $2 per day proxy urban poor. Respondents with income level above $2 per day were coded 1, 

and 0 if otherwise. In the study, the following financial exposures were used; Saving Account, 

ATM/Credit/Debit Card, Current Account, and Mobile Banking to proxy access to finance. These financial 

exposures are recommended by the Institute of Policy Analysis and Research (IPAR).In the study, 0 

represented respondents who did not answer a question or did not know the answer, 1 represented 

respondents who had never used the product, 2 for respondents who accessed the financial services before, 

and 3 for respondents who were currently using the product.  

The Logit model was used to analyse the linkage between independent variables (financial services) on the 

dependent variable (urban poverty). Logit is a popular econometric model; it has been used in similar studies 

in developing countries such as Kenya, Malawi, Namibia and Botswana. The model is given below:                                        

Pr (Yi =1) = F (Xi'b) ……………. (1)  

Where  

Pr (Yi ) = probability of income of the respondents  is $60 per month and above  

X         = vector of explanatory variables     

b          = parameter to be estimated  
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F         = cumulative logistic functions also known as log odds   

The respondents were categorised into four income brackets as illustrated below;  

˃$60,  

$60 - $260,  

$260-$460  

$460 and above.   

The Logit model was modified to accommodate the income brackets of the respondents;                               

Pr (>60 = 0) = F (Xi β)…… (3)                              

Pr (60 – 260 =1) = F (XiФ)…… (4)                                

Pr (260 – 460 =1) = F (XiΩ)……. (5)                                

Pr (460 and above =1) = F (1Xiδ)… (6)  

Where β, , Ω, and δ are parameters to be estimated, and F is the normal cumulative distributions function.   

The researcher observed the Nuremburg Code which states that respondents have the right to refuse to 

participate in a study. (7) The respondents willingly consented to participate in the study. Informed consent 

was sought after the researcher had disclosed his intentions to the sampled suburbs. No attempt was made 

to deceive the respondents.  

The participants were protected from all forms of psychological and physical harm; codes were used in 

place of names. No children or persons with mental problems were involved in the study. Confidential 

conversations and documents were protected and destroyed by the researcher upon completion of the study.  
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RESULTS 

Table1: Demographic Data of Respondents 

Variable  Frequency % 

Sex   

Male 168 56 

Female 132 44 

Marital Status   

Single   59 19.67 

Married 238 79.33 

Divorced     3 1 

Highest Educational Level   

No formal education     2 0.67 

Primary school   13 4.33 

Secondary school 154 51.33 

Diploma   74 24.67 

Degree   57 19 

Occupation   

Not employed 118 39.33 

Self employed   68 22.67 

Civil servant   73 24.33 

Private sector employee   41 13.67 

Income Range/ Month   

Below $60   53 17.67 

$60 – $260 124 41.33 

$260 – $460   87 29 

$460  and above   36 12 

Source: Survey, 2014 

Table 1 above shows that 168 (56%) of the respondents are males and that 238 (79%) are married. In terms 

of highest educational attainment, only 2 (0.67%) had no formal education. This observation suggests that 

Gweru City has a very high literacy level. Zimbabwe has one of the highest literate rates in Africa. (1)  In 

Table 1, 182 out of 300 respondents are employment; with civil servants constituting the bulk (24.33%) of 

the employed respondents. This observation could confirms the claim that in the country, the GoZ is the 

largest employer in cities. (1) Table 1 shows that 118 (39.33%) respondents are not employed; this could 

be partly a result of a low access to financial services by the economy. In terms of income levels, most 

respondents (124 or 41.33%) are in the $60 - $260 income bracket. 
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Table 2: Summary of Multinomial Regression 

Variable Co-efficient Pr 

(4)  (5) (6) 

Savings Account  0.23 -0.42 -0.51 0.202 

 (- 1.31) (-1.93)** (-2.18)***  

Current Account 0.12 0.12 0.29 0.689 

 (0.40) (0.38) (1.11)  

Fixed Deposit 0.69 0.73 0.54 0.221 

 (1.77)* (1.54) (1.16)  

Loan 0.01 -0.78 -0.61 0.984 

 (0.03) (-2.64)*** (-2.10)**  

ATM/Debit Card 0.09 -0.08 0.28 0.788 

 (0.29) (-0.35) (1.22)  

Mobile Banking 0.95 0.96 -0.69 0.171 

 (2.26)** (2.26)** (-1.38)  

No of Obs                          300 

Z-ratio in parentices 

Pseudo R2                        0.40 

LR Chi2                           42.04 

*  **  *** Indicate significance at 10, 5 & 1 percent probability levels 

Source: Survey, 2014 

Table 2 above shows that the estimated coefficient of saving was negative but statistically insignificant in 

equation 4. However, the estimated coefficient was significant in equations 5 and 6. This finding could 

mean that Gweru residents who are in high income classes have a greater capacity to save money and 

participate in the financial sector than poor people. The finding seems to confirm the Economic Theory 

prediction, which states that saving is a function of the level of income.   

At macro-level, savings are required to grow economies and at household level, savings can be used to start 

an income generating project. The ambitious Zim-asset is likely to fail as the nation fails to attract adequate 

financial support from the international community.  

The estimated coefficients of Current Account was significantly positive in equations 4, 5 and 6. It also 

emerged from the analysis that the Current Account variable had about 69% probability of reducing poverty. 

This could mean that people with Current Account have better chances of accessing finance. The reverse 

holds true for people who do not hold Current Accounts. The estimated coefficient of Fixed Deposit was 

positive but statistically insignificant. The same variable (fixed deposit) had 22% probability of reducing 

urban poverty.  
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The estimated coefficient of Loan was positive but insignificant in equation 3 where people earn between 

$60 and $260 per month. The ability of people in this income bracket to save is low; chances are high that 

these people are living from hand to mouth. This confirms the assertion that urban poverty is linked to low 

access to finance. (8) Enhancing financial access of the poor people is one way of increasing their resilience 

and determination to fight poverty. The estimated coefficient of Loan in equations 4, 5 and 6 were 

statistically significant.  

The estimated coefficient of loan had the highest probability (98%) of reducing urban poverty. This finding 

seems to confirm the notion that with adequate financial support (loans), poor people can make a dramatic 

difference in the quality of their lives (9). The need to access finance to the poor is unfairly criticised by 

Gwartney and McCaleb who argue that the problem of poverty continues to fester not because we are not 

doing enough for the poor, but because we are doing too much and that is counterproductive. (9) 

The estimated coefficient of ATM/Credit/Debit Card, was statistically insignificant in all equations but had 

approximately 79% likelihood of reducing urban poverty. The finding seems to confirm the assertion that 

ATM/Credit/Debit Card support poverty reduction initiatives. (10)  

The estimated coefficient of Mobile Banking was positive and significant in equations 3, 4 and 5, 

respectively.  However, the coefficient of Mobile Banking had an insignificant probability (17%) of 

reducing urban poverty. Thus, access to mobile banking services alone is not a panacea to the urban poverty 

in the City. 

DISCUSSION 

It emerged from this study that loans play a significant role in urban poverty reduction. Adam Smith in his 

book The Wealth of Nations which was published in 1776 assert that with no access to financial support 

(loans) poor people suffer most as they fail to afford higher costs for goods and services that they rely on.  

According to the respondents,  urban poverty worsened in the City during the 1990s when the IMF and the 

WB imposed economic structural adjustment programme (ESAP) resulted in massive retrenchments, 

removal of subsidies, high inflation and closure of some industries. In this regard, urban poverty was a 

function of reduced income levels. The ESAP led to increase in interest rates, hence reducing access to 

loans by the urban poor. (10)  

It emerged from the study that financial support is a crucial factor in development. In 2013, the GoZ came 

up with an economic blue print which was to be funded by: tax and non-tax revenue, leveraging resources, 

Sovereign Wealth Fund, issuance of bonds, Public Private Partnerships (PPP), securitization of remittances, 

international and multilateral finance institutions. (11)  

Most self-employed respondents claimed that their being excluded form financial services hindered them 

from accessing productive factors like land, buildings, machinery, and raw materials. The net effect of 

development financial support to poor cities can be illustrated by how the 1945 Marshall Plan dramatically 

changed the poverty situation in European cities after World War II. In Bangladesh, loans from the Grameen 

Bank have achieved noticeable positive impacts on poor people’s economic and social well-being. (12)  
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Increased access to adequate loans would increase the entrepreneurs in the City’ access to productive factors 

like land, machinery and infrastructure which in term could dramatically reduce the poverty level in the 

City.  

However, it is not loans alone that could reduce urban poor, a system of monitoring the use of the loans is 

needed considering that poor people are more likely to lack financial management skills. For this reason 

formal financial intermediaries face challenges as they relate to the needs of the poor. The most protruding 

challenges are: weak contract enforcement, high transactions/information costs, lack of appropriate 

collaterals, and inadequate regulatory frameworks. (13)  

The study noted that savings have a positive effect on urban poverty. This finding confirms the Domar 

Theory of development which states that savings are important in creating income generating activities. 

With no savings, poor economies/persons will have to borrow from other economies/persons (14). In July 

2014 the Minister of Finance, Hon Patrick Chinamasa, led a delegation to China and in August 2014 

President Mugabe led another delegation to China to source development finance. According to the 

respondents, the outcome of these attempts to fund the Zim-asset are yet to be realised by the poor urbanites 

in Gweru.  

The economic sanctions levelled on Zimbabwe by the West have made it hard for both the City and the 

country to access credit facilities from Western –controlled international development financiers. In this 

case, poverty in the City is not a product of absolute shortages of funds in the global market, rather political 

decisions of the most powerful nations are largely to blame for the financial challenges facing both the City 

and the country.  

With no adequate income and little or no access to bank loans the residents of Gweru are tempted to resort 

to illegal activities such as indiscriminate cutting down of trees for firewood, prostitution, and robbery 

which forces the GoZ (Environmental Management Authority) to descend on them. Karl Marx explains this 

social ill using the Conflict theory which states that society is in perpetual conflict due to competition for 

limited resources; and laws and law enforcement machinery are used by the State to maintain order.  

Thus, poverty-induced crime is a demonstration by poor people that there is a link between poverty and 

access to finance. Equitable economic policies and strategies could reduce the incidence of poverty-induced 

lawlessness in the City.  

CONCLUSION 

The major finding of this study was that there is a direct relationship between access to financial services 

and urban poverty. In Gweru City, poverty is closely linked to inaccessibility or inadequate accessibility to 

financial services by the residents. There is a need for a deliberate effort to increase access to finance to the 

residents of the City, without which the Zim-asset’s goal to achieve sustainable development and social 

equity will remain a dream. Access to loans has the highest probability of reducing urban poverty in Gweru.  

Access to higher incomes enables the residents of the City to exit poverty by first, smoothening their 

consumption expenditure and second, build their assets production systems. A proper mixture of savings, 

investment and loans are necessary for poverty reduction in Gweru.  
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Notably, most poor residents of the City do not have the ability to save money neither can they borrow 

money from banks because they have no collateral. Yet, enhanced to access to finance enables the residents 

of the City to become economic agents of change.  

RECOMMENDATIONS 

Increase income enhancement strategies for the urban poor; the Economic Indigenisation and Economic 

Empowerment policy should increase its attention to urban poverty. This recommendation is in sync with 

the Zim-asset’s decision to anchor its socio-economic recovery on indigenization, empowerment and 

employment creation.     The GoZ in collaboration with the private sector needs to collaborate (under PPP) 

to inject capital in small to medium enterprise (SME), which should occupy the space being left vacant by 

established business empires.  

Perhaps the best medium for PPP support would be directed to organised cooperatives. This 

recommendation is based on the fact that philosophically, cooperatives are built around collectivism or 

Ubuntu, which defines the African way of life. In cases were skills and managerial are lacking in 

cooperatives; the cooperatives themselves could be built around the share capital arrangements in which 

initially government has a controlling stake. The GoZ would be expected to gradually reduce its equity in 

these cooperatives as they (cooperatives) grow stronger. This recommendation has assisted Ghana since 

1976 to build a robust rural banking system for its people.  

There is a need to set up an efficient government-led financial system that avails loans at concessionary 

rates to the urban poor. The GoZ’s July 2014 decision to restore the Lender of Last Resort (LOLR) to the 

Central Bank of Zimbabwe (RBZ) is a walk in the right direction. A well-funded LOLR facility assists 

solvent banking institutions facing temporary liquidity crunches as expressed in the Banking Act [Chapter 

24:20] and the RBZ Act [Chapter 22:15].   With this facility at hand, banking institutions in the country are 

likely to reduce the quantity of precautionary cash balances they currently hold either as cash or Real Time 

Gross Settlement (RTGS) account balances and, therefore, increase access to finance by the productive 

sectors of the City. (15) Thus, the LOLR facility creates a resilient financial sector; one that resonates with 

the ideals of Cluster 3 of the Zim-asset. 

The study further recommends institutionalisation of strong PPP in supporting entrepreneurship in urban 

agriculture, manufacturing, tourism, mining, value addition, among others. The partnerships could set key 

result areas in finance, training and establishment of markets for entrepreneurial activities of the urban poor. 

In such a case, the GoZ would be expected to put in place policies that force all public sectors to sub contract 

their activities to the entrepreneurs.  

Procurement quotas could also be legislated so that all GoZ sectors purchase goods and services that are 

produced by the entrepreneurs; any firm that refuses to comply with the regulation would be blacklisted 

from doing business with government departments. Considering that the GoZ is the largest consumer of 

national goods and services, this regulation is likely to be accepted by the established private firms. 

The study further recommends stopping migration into urban centres because rural-urban migration puts a 

strain on urban economies.  
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The rural-urban surge is a result of the realisation by the rural poor that urban areas are greener pastures for 

them. Curbing rural-urban migration could be achieved by increasing employment opportunities in rural 

areas. Promoting sustainable economic growth of Growth Centres, improving access to quality education 

and health, and rural electrification are some of the strategies that could encourage rural residents in the 

country to remain in rural areas and not go to urban areas. 
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ABSTRACT 

This study examined social protection alternatives available to participants in the informal economy in 

Zimbabwe. The Zimbabwean economy collapsed at the turn of this century, pushing the majority of the 

formally employed workers into the informal economy. According to current statistics, the informal 

economy currently account for over 80% of the country’s employed workforce. Traditionally, informal 

economy participants are left without cover since orthodox social protection schemes are designed to cover 

formally employed workers. Findings suggest that faced with statutory exclusion informal economy 

participants have turned to livelihoods and collective activities as a form of social protection. These types 

of social protection are less prone to economic shocks. It is this paper’s recommendation to stakeholders 

that they extent capacity building activities to participants in this economy in order to bolster their social 

protection alternatives. The paper draws on case studies from Mutare to identify the alternative social 

protection coverage available to participants in the informal economy. Data collection was based on a 

triangulation of in-depth interviews and archival research. 

Key words: social protection, social security, informal economy, Mutare and Zimbabwe 

1. BACKGROUND 

Social security protection is considered a basic human and socio-economic right in the Universal 

Declaration of Human Rights (1948) and the International Covenant on Economic, Social and Cultural 

Rights (1966). The International Labour Organisation (ILO) has recognised the importance of social 

protection by making it one of the four pillars of its decent work agenda being run in many countries 

including Zimbabwe. Social protection helps to reduce the risks of socio-economic insecurities resulting 

from unemployment and poverty to individuals and society. Social protection can also play an instrumental 

role in helping developing countries to achieve a just and fair society. Upon the inception of the notion of 

social protection, the thrust like in many countries today was to protect in formal employment; leaving a 

multitude of workers who are in the informal economy uncovered and vulnerable. This focus on those 

workers that are formally employed has been a challenge in Zimbabwe since the colonial era. 

In pre-independent Zimbabwe, government funded social security schemes were only a preserve of the 

white settlers. No formal social security was extended to the indigenous black majority (1). Though there 

were also a number of private occupational pensions during the colonial era, a 1979 study (2) noted that 

less than 50 percent of the Africans in formal employment in 1976 were participants in these programmes. 

Thus social security provision under the colonial governments was fragmented along racial lines (3). During 

the period, the indigenous blacks (formally and informally employed) continued to lean on the traditional 

Zimbabwe society approach that gives precedents to informal social security within the family (4).  
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Both the formal and informal economy participants together with the general black populace were thus 

statutorily excluded from social protection in the colonial era. 

When Zimbabwe attained independence in 1980; the new government continued with most of the social 

security arrangements but in an expanded format that included all races (4). The result was the repealing of 

discriminatory social security Acts like the Old Age Pension Act, replacing them with voluntary 

contributory schemes such as the Pension and Provident Funds Act. However, occupational pensions 

remained largely exclusionary as there was no law at the time which made it mandatory for employers to 

provide occupational pensions for their employees. Informal economy participants remained outside the 

equation 

The social protection schemes that evolved over the years in Zimbabwe since independence have been 

discussed in a number of studies (4, 5). These include: the Pension and Provident Funds Act [Chapter 24:09], 

of 1976; public assistance programmes that are administered by the Department of Social Welfare, under 

the Ministry of Public Service, Labour and Social Welfare; the Enhanced Social Protection Project 

introduced by the state in the new millennium which had a five-component package comprising the Basic 

Education Assistance Module (BEAM), the Public Works component, the Children in Especially Difficult 

Circumstances Module, the Essential Drugs and Medical Supplies component, and the development of a 

longer-term Social Protection Strategy as well as the National Social Security Authority (NSSA) a statutory 

corporate body, constituted and established in terms of the National Social Security Authority Act of 1989 

[Chapter 17:04] and the Pension and Other Benefits scheme; a long-term, public, mandatory social security 

scheme that is fully contributory.  

The state also runs a number of non-contributory schemes. These include the State Service Disability 

Benefits Act [Chapter 16:05]; the War Victims Compensation Pension Scheme; the War Pensions Scheme 

governed by the War Pensions Act [Chapter 11:14] Social Welfare Assistance Act (1998); the Disabled 

Persons Act [Chapter 17:01] and the War Veterans Pensions Scheme (governed by the War Veterans Act 

[Chapter 11:15].  

The challenge with these social protection schemes is that they are systematically exclusionary. They have 

consistently excluded participants in the informal economy. This is so regardless of the fact that in 

Zimbabwe 5.7 million people are working in the informal economy; 2.8 million of whom were business 

owners and 2.9 million were employees (6). The crisis that led to the sudden growth of the informal 

economy and the consequences have been well explored and analysed in numerous studies (7). This paper 

argues that informal economy participants have evaded statutory exclusion and have devised informal social 

protection systems to cushion themselves from different contingencies. Identification of social protection 

measures that informal economy participants have resorted to and the challenges experienced in exercising 

these measures, the measures that the state and stakeholders can institute to enhance these activities can be 

explored. 

1.1 Conceptualising Social Protection and Informal Economy 

Given the ambiguities prevalent in the analysis and discussion of the notions of the social protection and 

informal economy it is important that the manner in which these concepts are understood and utilized in 
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this study be clarified. Social protection encompasses all of social security. Before the recent use of social 

protection, social security has been the most generic and inclusive term for formal systems. Social 

protection is viewed as consisting of public interventions to assist individuals, households, and communities 

better manage risk, and to provide support to the critically poor (8). Based on this definition the notion of 

social protection therefore includes public social security schemes and private or non-statutory schemes, 

such as mutual benefit societies and occupational pension schemes. The concept of social protection will 

also be taken to cover new concerns with food provision, housing, income generation and employment 

generation.  

There are two approaches to social protection provision. The ILO’s approach to social protection places 

emphasis on publicly mandated schemes that are administered by a public entity. This approach to social 

protection entails that the state plays a paternalistic role in the organization of the provision of social 

protection.  The World Bank’s (WB) approach is more market-oriented as it seeks to diminish the role of 

the state. This implies that the WB draws its approach to social protection from the libertarian theory of 

social justice as opposed to the ILO’s approach which has its roots in theories of social justice and the state. 

In Zimbabwe, the statutorily mandated social protection systems follow the ILO model. Unfortunately the 

model has not been widely implemented to cover participants in the informal economy. Social protection 

system have not sufficiently covered their target too, the formally employed workers (4, 5). 

There has been a range of attempts to define the informal economy. Recent thinking has shifted from 

defining it through the economy that it is associated with, to the nature of the employment relationships that 

characterise it (9). Critical to this characterisation is the lack of formal contracts of employment, worker 

benefits, and social protection. Included in this definition are informal economy employers, own-account 

workers (i.e. self-employed), unpaid family workers, and the employees of informal business (10). For this 

study informal economy is defined as all economic activities characterized by precariousness, unfavourable 

working conditions, lack of or ignorance about social security and health care, and the absence of any 

collective labour organizations. This definition embraces, on account workers (self-employed), and 

informal enterprises. 

The exponential growth of the informal economy in many developing countries is linked to the rise of 

neoliberal globalisation in the past four decades. The traditionally anticipated belief that all workers would 

sooner or later find themselves in secure formal sector employment as a result of economic growth did not 

materialise since events have shown quite the contrary. There are an increasing number of workers that have 

found themselves in unsecure employment. This phenomenon has not spared Zimbabwe. 

At independence in 1980, the informal economy in Zimbabwe only accounted for 10% of the employed. 

By 2004; 975,000 people had formal jobs while 4.1 million people were in the informal economy (11). This 

meant that four out of every five jobs were in the informal economy. This increased to 94% at the peak of 

the economic crisis in 2009 (12). This therefore indicates that the economic and political crisis in Zimbabwe 

has been tied to the exponential rise in the informal economy. It is this new group of informal economy 

participants that policy makers have paid little attention regarding the issue of social protection that is the 

subject of study in this paper. 

http://www.rcz.ac.zw/
http://www.rcz.ac.zw/


10th Zimbabwe International Research Symposium Book of Papers Presented (ISSN: 2412-2386) 

Published by Research Council of Zimbabwe   

Website: www.rcz.ac.zw   129 

This paper argues that informal economy participants have evaded statutory exclusion and have devised 

informal social protection systems to cushion themselves from different contingencies. However these 

measures have considerable limitations.  Identification of social protection measures that informal economy 

participants have resorted to and the challenges experienced in exercising these measures, the measures that 

the state and stakeholders can institute to enhance these activities can be explored. 

2. OBJECTIVES 

The overall aim of this study is to examine social protection practices available to participants in the 

informal economy in Zimbabwe using Mutare as a case study so as to influence policy discussion on the 

provision of social protection in the country. It is also hoped that the paper will go a long way in contributing 

to the body of literature available on social protection in the informal economy. As such the major objectives 

of the study are as follows: 

a) To identify social protection deficiencies that informal economy participants felt they are prone to 

b) To examine social protection measures that informal economy participants have resorted to in the 

face of statutory exclusion 

c) To assess the challenges experienced by informal economy participants in exercising these social 

protection measures. 

d) To determine the role that the state; labour bodies and other stakeholders can play to enhance social 

protection activities practised in the informal economy. 

3. RESEARCH METHODOLOGY  

The study adopted case study research design which meant focusing on one phenomenon; that is social 

protection alternatives available to informal economy participants in Zimbabwe. The case study method 

was adopted because this research design is well suited for the how and why questions (13). The case study 

research design also allows for critical and in-depth analysis of the issue under investigation (14). The study 

made use of qualitative methodology, which the researcher considered apropos since it made it possible for 

him to conduct in-depth interviews and obtain the participants’ emic perspectives, instead of reducing 

participants’ views to figures.  

The study sample consisted of all the different informal economy categories. Out of these only 5 selling 

points were selected. These include Sakubva fruit and vegetable market, (situated in Sakubva high density 

suburb and adjacent to the Main bus terminus with 250 stalls); airtime vendors; (found at street corners and 

public places like ranks and entrance to supermarkets); Meikles park flea market (situated in the Central 

business district with up to 1000 stalls), Sakubva Green market (situated in Nyakamete industrial area where 

artisans that is carpenters, pot smith, spray painters and welders are populated) and Sakubva chigomba flea 

market (located at the entrance to Sakubva stadium. This is where used clothes are mostly sold alongside 

locally made merchandise). From each category 6 participants selected were interviewed. 
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The gender composition of the sample was three males and three females per each category with the 

exception of green market which is predominantly a male market. Ensuring a fair representation of both 

sexes ensured that the researcher capture views from both man and female. Striking a gender balance also 

ensured that gender bias was reduced in the findings. The participants were purposively sampled with the 

help of committee members from each category. This sampling method was appropriate in this research as 

it aimed to investigate responses from a particular social group, informal economy participants. Snowball 

sampling was also be used and it enabled the researcher to interview respondents who had the relevant 

information needed for the research. This sampling method uses multi-stage techniques (15). The sample 

begins with one or a few people (in this case a committee member of each category) and spread out on the 

basis of links to the initial person.  

The researcher recorded the interview outcomes verbatim using a recorder. The researcher transcribed and 

partially analysed (field analysis) each interview data before moving on to the next interview. This was to 

ensure that issues arising from the data and issues overlooked in the preceding interview could be 

incorporated in the succeeding interviews. The average duration of the interviews was thirty five minutes 

each. After all the 30 participants were interviewed, the transcribed data were taken back to each participant 

who was interviewed for verification before the major analysis. Once verification was done, data were 

analysed using the thematic content analysis technique. This entailed segmenting, coding, enumeration, and 

putting the coded data into sub-themes (16). 

Segmenting involve dividing the data into meaningful analytic units. This was done by carefully reading 

the transcribed data one line at a time, taking cognisance of the following questions:  

 Is there a segment of the text which is important for this study?  

 Does it differ in any way from the text which precedes or succeeds it?  

 Where does the segment begin and end? Such segments (words, sentences or several sentences 

were bracketed as a way of indicating their starting and ending points.  

Coding is a process of assigning units of meaning to the descriptive or inferential information compiled 

during a study. Key words are attached to chunks of varying sizes, words, phrases, sentences, or whole 

paragraphs referred to as units of meaning. Coding is the process of marking these units of meaning with 

symbols, descriptive words or category names. All the category names developed, together with their 

symbolic codes were placed on a master list. The codes on the master list were reapplied to new sections of 

text each time appropriate sections were discovered. New categories and new codes were added to the 

master list as the need arose.  

Enumeration is when the frequency with which observations were made was noted in order to help the 

researcher identify and take note of important ideas and prominent themes, occurring in the research group 

as a whole, or between different individuals. 

Identification of sub-themes: most of the sub themes were derived from the informal economy participants’ 

understanding of the need for contingencies as well as the various social protection schemes that they lean 

on in the absence of statutory social protection schemes. 
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3.1 Ethical issues 

Participants were recruited on a voluntary basis and guaranteed confidentiality; no coercion was used on 

participants to take part in this study. ‘In any research, co-operation must be voluntary’; respondents were 

advised in advance of their right to refuse or answer certain questions and not to take part if they feel so 

(17). All participants were briefed about the purpose of the research before the interviews began. They were 

also assured that the collected data was for scholarly purposes only. All respondents were advised of their 

right to decline taking part, or not to answer certain questions. 

4. FINDINGS AND DISCUSSION 

What area the contingencies you are susceptible to? 

The majority of the informal economy participants pointed to old age as the major challenge they were 

likely to face. Most participants were weary of old age since they were not entitled to any pension. Another 

risk that was frequently identified was death. Participants who had children of school going age and those 

who also had many dependents feared that in the event of death lives are likely to be difficult for those they 

would leave behind. Ironically most had no plans in place except hope that they will not die before their 

children had developed the capacity to look after themselves. Some participants had however taken funeral 

policies so as to afford themselves a decent burial. Sickness ranked as the third most feared risk. Like in the 

case of what will happen to their dependents in the event of death, most participants did not have any 

medical aid or plan in place in the event of death. Participants said they accessed health facilities on a cash 

basis. A small fraction however mentioned medical aid cover provided either by their spouses or children. 

Food provision was not viewed as a social protection risk, yet a practice to cushion members had been put 

in place. This is also the case with the issue of income. Various contingencies have been put in place but it 

was not high on the minds of participants. 

 What are the contingencies put in place to cover the following risks? 

4.1 Old age 

Fig 1: contingencies put in place at old age 

 

preparation for old age

Investment in property
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The majority of informal economy participants identified investment in property (60%) as the key to 

cushion themselves at old age. This involves constructing houses in both the rural areas and in urban areas. 

Most participants felt they would stay in their rural homes at old age while the urban one would be rented 

out. The urban dwelling is thus earmarked for income generation purposes. Such an approach to social 

protection can be seen from what some of the interviewees said: 

Our pension is the investment in the property. We have two houses and a flat in Harare. This is where 

I will get my income from when I cannot work here.  

Another informal economy participant had this to say: 

I will rent my house and stay in my rural home with my children. When my children are grown ups 

and they want to start their own life, they can come to town and use this house. 

Thus urban properties are not just earmarked for income generation but also to cushion children as they 

start their urban life. However the challenge with investing in urban property is that most of the informal 

economy participants do not have sufficient income to invest in such properties. With the increasing number 

of housing cooperatives in the twenty first century, most informal economy participants have joined. The 

monthly contributions of these cooperatives are affordable; for example one of them requires members to 

pay a monthly instalment of USD5.00. This has resulted in some of them realising the dream of owning 

property in the urban areas. One of the beneficiaries of the housing cooperative had this to say: 

I can say almost 80% of our members have joined housing cooperatives. I am now staying on my 

residential stand. Some have already finished constructing their houses. I have built a three roomed 

cottage where I am staying with my family.  

While the informal economy participant is a proud owner of the property, for others the situation is not so 

rosy. Some housing cooperatives are failing to deliver. The following statement explains the challenge with 

housing cooperatives:  

The challenge with some housing cooperatives is that they just take our monies but you don’t see 

how it is used. At our cooperative a certain company came and took pipes from the site. They said 

that the cooperatives had not paid them. Yet members make their monthly contributions. We don’t 

know when we will be able to occupy our properties. 

The situation is even worse for members of one of the housing cooperatives. There is double allocation of 

stands. A single stand is sold to two or more different members. Some members have been accused of not 

paying their monthly subscriptions resulting in the stand being issued to another home seeker. This has seen 

members occupying land that had not been serviced.  

Besides investing in property some are investing in livestock in addition to investing in property in rural 

areas (30%). This involves buying the traditionally domesticated animals like cattle, goats and sheep. These 

are kept in the rural areas where family ties are still strong like they were in pre-colonial and colonial 

Zimbabwe (5). One informal economy participant had this to say: 
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When I have money, I buy livestock like goats and cattle that I keep in my rural home. I chose my 

rural home because there is adequate care for my livestock. Manpower is there.  

The challenge with some of these projects is that they are done on a small scale. It may be difficult to sustain 

the participants at old age. 

With the advent of agrarian reform some have started farming projects to cushion themselves at old age:  

I do not have a pension or insurance. I have started a banana farming project and I believe it will 

sustain me when I grow old.  

Some informal economy participants have joined hands with their parents to grow tobacco and cotton. This 

is meant to generate extra income that can be used to bolster their social protection preparation mechanisms. 

However over the years the situation has not been rosy for farmers as the prices of cotton have continued 

to tumble. The farmers have on numerous occasions asked for the state to consider the prices of the product 

but nothing has materialised so far. On the other hand tobacco farmers and the tobacco auction floors have 

traded accusations with experts arguing that most of the products from the farmers were devoid of the 

desired quality. The venture therefore is not producing the desired output since the income they are 

generating remains low. 

4.2 Bereavement/death 

Fig 2: contingencies put in place in the event of death 

    

This is one of the areas where there is a fusion of both orthodox form of social protection and an invention 

by informal economy participants. Some informal economy participants have joined mainstream funeral 

service providers like Nyaradzo funeral service (30%). This they hope would guarantee them a decent burial 

in the event of death. 
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 However they still stand to benefit from the traditional arrangement that exist in their area of operation. 

The majority of the participants (60%) are simply pinning their hopes on the area burial society that are 

available at each markets. The rest are simply undecided about their future.  

For Sakubva flea market participants, Meikles park flea market participants and green market participants, 

there is a principle agreement that bind members to make contributions in event of a member or close 

relative’s death. A trader at Sakubva flea market had this to say: 

We don’t have a burial society here but we are united. When one of us dies we contribute a minimum of 

$20.00 per person towards the funeral. Some even pay $50.00. 

One of the beneficiaries of this arrangement from Sakubva flea market had this to say: 

When my wife died I was surprised when members from my flea market gave me $600.00 cash. 

This was after they had paid for food that people who had gathered for the funeral ate. 

     A Meikles park flea market trader had this to say: 

In the event that one of our members lost a beloved one, we check if that member is up to date with 

subscriptions to the association. If yes, we sent members to make collections towards the funeral. 

Members contribute any amount of their choice. 

However, the situation is slightly different for Mutare Airtime Vendors Association (MAVA) members: 

Each month we contribute a dollar to MAVA. If any member or a close relative dies, the association buy a 

coffin using the funds. There are no other contributions that we make. 

The challenge with this type of funeral arrangement is that there are no clearly defined parameters when it 

comes to number of dependents or who should fall outside coverage. The involvement of members when it 

comes to dependents is solely determined by the popularity of the informal economy participants involved. 

Income collected is also dependent on how well known is the member involved. 

Due to the homogeneity of the informal economy, there are some who have been finding it difficult to raise 

funds for funeral parlour. The informal traders proposed to take policies as a group like a group policy 

where they would enjoy economies of scale. Unfortunately the funeral service providers have consistently 

paid lip service to this arrangement. A committee member at green market had this to say:  

We have proposed to some insurance companies that we pay as a group, like they do for companies. They 

promised to come back to us but it’s almost a year now. They have not come back to us. 

This scenario therefore calls for stakeholder participation especially trade unions through their informal 

economy desk that have technical expertise to approach these various service providers to broker deals for 

the informal economy participants. 
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4.3 Loss of income  

Table 2: Contingencies put in place to cover loss of income 

Preparation method Frequency  Percentage 

Mukando/society  17 56,66% 

Formal sector debt  5 16,67% 

Other  8 26.67% 

Total  30 100% 

N=30 

One of the major insecurities that the informal economy participants face is inability to access formal sector 

debt financing to recapitalise their business. The formal economy debt financing mechanism that requires 

collateral security in addition to business proposal and a host of many other requirements is a challenge for 

informal economy participants. Only 16.67% had previously used either a bank or micro finance 

institutions. The participants who had used micro finance institutions complained that the interest rates were 

too high and the repayment period was also harsh. The micro finance institution’s approach has been well 

explained by one informal economy participant: 

These companies (Micro finance) offer you a small amount of money. I was given only $300.00 which was 

not sufficient to recapitalise my business. This loan had to be repaid within the same month. 

 A fruit and vegetable vendor had this to say: 

They gave me $200.00 when I wanted $500.00. What disappointed me was that they wanted their 

money every day. They started to collect their monies the second day after they had given me the 

loan 

The reason why finance institutions may not be interested in financing informal economy participants could 

be lack of collateral and the general negative perception about informal economy participants. In the case 

of fruit and vegetable market that these traders deal in perishables could be one of the reasons that finance 

institutions desist from these high risk businesses. 

As a mitigatory approach the informal economy participants have formed societies popularly known as 

Mukando (56.66%). These societies take various shapes and sizes. For some societies members pull 

resources together and they take turns to give each other the funds at the end of the month; while others rent 

out the funds to both members and non-members with interest; only to share the funds after an agreed 

period. The amount contributed varies and is solely dependent on the income group members get over a 

certain period. One of the participants explained: 

We agree on an amount to contribute say for 6 month. Members or non members are encouraged to borrow 

the money at an agreed rate say 10%. After 6 month members shares the money. The round then starts again.   

http://www.rcz.ac.zw/
http://www.rcz.ac.zw/


10th Zimbabwe International Research Symposium Book of Papers Presented (ISSN: 2412-2386) 

Published by Research Council of Zimbabwe   

Website: www.rcz.ac.zw   136 

During interviews the researcher discovered that some informal traders have more than one association of 

this nature. Participation in a number of societies meant broadening one’s capital base. A member of various 

groups had this to say: 

I have 2 groups of people I take turns to give money to and receive from. With one group we make 

weekly contributions of USD50.00 while with the other we make monthly contributions of 

USD20.00. 

This type of society normally attracts many participants. After each month at least 2 participants share the 

available pooled amount. The round continues and a different set of group members will be selected as 

beneficiaries. The purpose of all these societies is one; increase the informal trader’s working capital. The 

following statement gives insight: 

The purpose of joining these cooperatives is raising money for the business. A lot of us here wanted to get 

loans to increase our stock but we could not get the loans. Some lenders want collateral security while others 

offer loans at very high rates. 

While this is a noble way to raise funds, the idea is not without its challenges. There are some unscrupulous 

participants who do everything possible to usurp others. One informal economy trader recited the challenge 

with some of these societies: 

In most cases I was the last to be paid in the group. Some members ended up defaulting on making payment. 

Some will eventually pay the contributions but you won’t get the amount at once as you expected. At the 

end of the day you will not realise your goal of joining the society 

This therefore calls for stakeholder participation to provide the proper legal framework under which 

members can operate within. Where a proper legal framework exists, cases of fraud, embezzlement of funds 

as well misuse of society funds will be greatly reduce. 

4.4 Food provision 

Fig 3: Contingencies put in place as food protection 
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Mukando/society has also been used as a food security boaster. There are food societies that are scattered 

throughout all the 4 of the 5 markets that took part in this study. 56.66% of the participants take part in this 

form of social protection. In one form of food society, participants contribute money like in the case of 

funds for recapitalisation. Individuals take turns to receive those funds from the pool. What distinguishes 

this type of society to the one discussed is its purpose: the money is ear marked for groceries as opposed to 

boasting stock.  

For the second group of participants, funds are pulled together and the steering committee buys goods in 

bulk. These groceries are shared periodically. One participant explained: 

We contribute USD10.00 every week. After each contribution we buy a grocery item like cooking oil, rice, 

soap and sugar from wholesalers. We buy a different item the next period. After buying all the necessary 

grocery items we share amongst society members. 

This arrangement has the advantage that participants are able to enjoy economies of scale through pulling 

their resources and buying directly from manufacturers or wholesale shops. The challenge with the food 

societies is that they are gendered. An insignificant number of men participate in these societies. Where 

men said they participated they did so through their spouses. When asked why men were not actively 

involved in these food societies; most men and some women felt the issue of the kitchen and feeding the 

family was a woman’s responsibility. This gendered point of view made the researcher feel that there is 

need for further study on the gender dynamics in this economy. 

4.5 The role of children 

A striking characteristic of the social protection options available to members in the informal economy is 

the role played by children especially in the area of health insurance. Some of the interviewees with grown 

up children who are now working in the formal economy have made their parents beneficiaries on their 

medical aid list. One of the beneficiaries of such a plan had this to say: 

I do not have any pension, insurance and medical aid. But my daughter pays for my medical aid. 

For others educating their children was a form of social protection itself: 

I have children I am sending to school right now. I hope they will look after me when I grow older. 

This therefore requires the state to continue making education accessible and affordable to all children. In 

addition the state and other stakeholders should also continue to make concerted efforts to provide formal 

employment with more focus on the youth since they are turning up to be complimenting the effort of the 

state to make life affordable for everyone especially the aged.  

The situation however is in some instance unbearable for those without medical aid cover. The following 

statement exemplifies the situation: 

I do not have a medical aid hence I have to use what I get here to seek medical treatment should I fall sick. 

As we speak, I am failing to raise USD150.00 for the treatment for an injured leg. 
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Thus the situation is critical for some of the participants in the informal economy who do not have anywhere 

to start from regarding the issue of their health. The scenario calls for the state to make concerted effort to 

make health care available to all. 

4.6 The Role of the State and Labour 

With the increasing importance of the informal economy, there is need for a redefinition of the role the state 

plays as a welfare state. While Zimbabwe’s statutorily mandated social protection systems follow the ILO 

model, the advent of structural adjustment programme has seen the state becoming more inclined to the 

World Bank model. From 1991, the country has largely followed a market-based approach to development, 

with basic social and economic rights in terms of food security, access to health care, education, shelter, 

transport and basic utilities (mainly electricity and water) becoming market-driven. With the market 

ideology permeating through the minds of development specialists and politicians in Zimbabwe during this 

period; basic rights have found themselves on the market. This has seen the majority of Zimbabweans, who 

are living in poverty, failing to access them. It is therefore of paramount importance that the state leads the 

nation towards a basic needs approach.  

Such a strategy requires the prioritization of basic needs such as food security, health care, education, 

housing, transport, and basic utilities (water and electricity). This approach should also focus on informal 

economy participants. While through the Ministry of Small to Medium Scale Enterprises’ the state 

recognises the role that the informal economy can play to the economy of Zimbabwe, a corresponding 

acknowledgement has not been made with regard to the issue of social protection.  It appears the government 

has just left the issue of social protection to fate. There is no significant government involvement to lead a 

contingent of stakeholders to identify the best way to provide social protection to this growing group of 

informal participants.  

Trade unions on the other hand should redefine their scope of cover to include workers in the informal 

economy. Unions should take advantage of administrative structures that are in existence in various informal 

economy categories and train them in economic literacy so that they can improve their working 

environment. In addition trade unions should engage stakeholder on behalf of the informal economy 

participants. Unions are best placed to lobby the Zimbabwean government to extend social protection 

coverage to this group. Trade unions can also negotiate for better deals on behalf of informal economy 

participants. For example the union’s informal economy desk can negotiate with service providers like 

funeral parlour for group cover. This will allow various categories of informal economy participants to 

enjoy economies of scale when they take polices as a group.  

5. CONCLUSION 

One of the global challenges facing social protection today is the fact that more than half of the world’s 

population especially in the informal economy is excluded from any type of statutory social security 

protection. This is so regardless of the fact that social protection has been made a human right in the United 

Nations charter. In Zimbabwe; its provision is still highly discriminatory like in the pre-independence 

period. Before the country attained independence in 1980, social protection was a preserve for the white 

settlers; both privately administered and those that were government administered.  
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This bias continued into the independence era. The bias has degenerated into ‘the formal’ and ‘the informal 

economy’ dichotomy; with the need to provide social protection schemes to informal economy participants 

being relegated to the periphery. 

While at independence the state broadened the scope of social security protection provisions to included 

everyone regardless of race, colour or creed, such measures are still devoid of the participation of one 

important economic group; informal economy participants. This is mainly due to the fact that policy makers 

of the day are still of the opinion that the economy is a transient phenomena that would gradually pave way 

for formalisation. 

With the country facing a crisis in the capitalist mode of production at the turn of the century that pushed 

the bulk of formal workers into the informal economy where work is precarious and insecure; policy makers 

are still logically ignoring the social protection needs of the informal traders. This then calls for the enact-

ment of social protection legislature that has the potential of incorporating this group.  

Faced with statutory exclusion, this paper argues that participants in the informal economy have devised 

means and ways to protect themselves from immediate risks that are peculiar to each trader and trading 

area. It is quite interesting to note that some of these social protection measures are not wholly independent 

of the formal economy, but they are complimentary. These included taking funeral policies that are tailor 

made for the formal economy participants. Reliance on livelihood social protection strategies as opposed to 

income as is in the informal economy like farming and livestock as well as societies/mukando have proved 

to be a worthwhile move to lean on for the informal economy participants in the event of exclusion. 

6. RECOMMENDATIONS  

Social protection for workers in the informal sector in developing countries must address at least two types 

of risks: first, risks that are faced by any worker at the work place, or the immediate working environment, 

namely, a potential fall in income resulting from various contingencies as defined by the ILO; and second, 

risks that are unique to workers in this sector, derived from their status of informality. Considering the level 

of social protection deficiencies that have been noted in the informal economy, the following 

recommendations are proposed: 

 The government can facilitate social protection access through direct intervention or through a 

facilitative role allowing other role players' participation at multiple levels. The state and other 

stakeholders should prioritise the establishment of appropriate forms of social protection and 

regulation for the informal economy. 

 There is need for the improvement of the productive potential and of employment and income 

generating capacity of the informal economy participants. This will ensure that participants in 

this economy raise sufficient income and increase their livelihood social protection activities 

like investing in properties or livestock.  

 Trade unions framework of workers they cover should be broadened to cover workers in the 

informal economy. Unions can take advantage to the structures that exist in the various 

categories of the informal economy and champion their causes like bargaining for better deals 

from formal sector debt financers through their informal economy desk.  
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The various committees that exist also need capacity building so that they can professionally 

manage their committees and negotiate better deals for their members. 

 The government, trade unions and the corporate should ensure that some of the social protection 

activities that are undertaken by the informal economy participants have the necessary legal 

backing like society/mukando. The absence of the necessary legal backing has led to some 

unscrupulous members defrauding others. A sound legal framework would reduce occurrence 

of such instances. Steps to be taken when there are challenges like failure to meet obligations 

would also be put in place. 

 The state and other stakeholders should also extent health insurance to informal economy 

participants. This might ensure that every citizen has access to proper healthcare. 
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ABSTRACT 

Thus, the purpose of the study was to establish what nhimbe is and how it links to community-based 

development in Zimbabwe.  Three communities were studied namely Musikavanhu (Manicaland Province), 

Gambiza (Midlands Province) and Tsholotsho (Matebeleland North Province).  One of the issues explored 

was: What are the economic and social benefits of the nhimbe practice in the three communities studied? 

The theoretical framework which informed this study hinged on two inter-related theories within the context 

of community-based development discourse.  The theories examined are people-centred or bottom-up 

approach in development (Chambers 1986, Mulwa 2004, Kajese 1987) and social capital (Putnam 1993 and 

Realo and Allik 2008).   

When it comes to the methodology, a qualitative approach was applied in order to achieve an in-depth 

scholarship of the practice. Most importantly, ethnographic methodology was applied through use of 

detailed interviews, focus group discussions, participant observations and structured checklists. A total of 

170 people participated in the study; the majority (92.9%) being community members from the three 

communities studied who included 23 village heads and three traditional chiefs.  The remainder (7.1%) 

represents 12 key informants who are experts in culture, community development and indigenous 

knowledge.  The rationale to select the three communities was to gain an ethnic perspective of the nhimbe 

practice.  The research participants were aged from 21 to 92 with 51% between 51 to 80 years old. 

Key findings include that nhimbe has both social and economic benefits to the community.  The practice is 

anchored on the reservoirs of household social bonds among community members which are deeply weaved 

in the extended family support system..  Furthermore, nhimbe is bed-rocked on a set of practised values 

namely love, reciprocity, mutual trust, respect and peace; these being significant elements of community 

social fabric or social insurance.  Economically, people use nhimbe to help each other at household level 

on a wide range of development initiatives particularly agriculture related to sustain food security. 

The study has concluded that the principles of nhimbe are related to principles of community development. 

The discovery of this relationship indeed means that there has been a missing link in community-based 

development in Zimbabwe because of the limited recognition of the practice in mainstream community 

development.  
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The major recommendations which emerged are that:  (i) all community development agencies (local or 

international) should understand nhimbe with an aim to incorporate it in their community-based 

programme/project designs; (ii) to include nhimbe and related indigenous practices in development, 

sociology and anthropology curricula at  undergraduate and graduate levels; and (iii) the government of 

Zimbabwe, the local and international research or development community to promote/support research in 

indigenous knowledge practices like nhimbe improve contextualised development. 

Keywords: Collective action, community-based development, community patriotism, indigenous 

knowledge, nhimbe, social capital, socio-economic fabric; social insurance, social security  

1.0 INTRODUCTION 

The study was conducted between 2010 and 2013 in Zimbabwe across three communities which are 

Musikavanhu (Manicaland Province), Gambiza (Midlands Province) and Tsholotsho (Matebeleland North 

Province).  The researcher was most motivated to undertake the nhimbe study primarily because of his own 

experience in the practice when he was growing up in his rural home community in Manicaland Province 

of Zimbabwe.  Furthermore, the various community-based development (CBD) consultancies he carried 

out particularly in Africa and Asia influenced him to choose a study of this nature.  Below is a brief 

discussion of how the researcher’s personal and community-based work experiences triggered the study. 

1.1 Personal nhimbe experience 

Like any other children in the community, my elder brother, sister and two cousins who stayed with us 

would often help my parents with farming activities, among other household chores, sometimes through a 

nhimbe arrangement. In retrospect, the farming activities where nhimbe was applied included pre-planting 

preparation of land, planting, weeding, harvesting and storing of grain in the granaries. Often, the most 

exciting aspect for me was when at times our neighbours joined us to work in the fields normally for half a 

day or sometimes the whole day. In the same way, my parents, sister, brother and cousins also assisted our 

neighbours with their farming activities.  As was the norm regarding the role and responsibilities of children 

in the community, we would also assist our neighbours to herd their livestock.  The community assistance 

on livestock was usually given to households who did not have children of their own or where children 

were not old enough to take on such a responsibility. In some instances, a household could have children 

who were old enough but had a large herd of livestock beyond the capacity of their children and this 

normally necessitated one to seek help from the community members.  I always got thrilled whenever we 

helped our neighbours with their farming activities and livestock management as this simultaneously 

provided me with ample opportunities to play with other children in the community. It has become clear to 

me that nhimbe is not ad hoc practice but a well organised community assistance framework with economic 

and social objectives to enhance and sustain livelihoods.  In the nhimbe practice, it was not just one 

neighbour who helped us but a group of representatives from various families in our village.  

One day in 1979 when I was 13 years old, I remember vividly asking my mother why sometimes our 

neighbours helped us in the fields with what I considered to be sincere commitment, enthusiasm and 

compassion. She passionately answered: 
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Because you, your brother, your sister, and your two cousins are young, inexperienced in farming and 

besides we are too few to execute the multitude of our household work; so we won’t meet our farming 

targets if we continue to work alone in our fields without the assistance of our neighbours.  If we don’t meet 

our targets, you know what it means; it means you will not have food to eat; do you like to experience that 

situation? (Makurudzeni Sithole 1979). 

Given my mother’s explanation and my own experience, it appeared to me that nhimbe plays two important 

and mutually supportive roles, namely, in-so-far as it helps reduce household vulnerability to outside shocks 

or threats to livelihoods, the practice also serves as a planned developmental framework in the community.   

1.2 Community development experience  

The author’s consultancy work in community development especially from 1998 to 2010 revived his 

curiosity and interest about the nhimbe practice in Zimbabwe.  As a result, he discovered that there are 

similar traditional practices in other countries which are well recognized and, to a great extent, are 

documented and being applied as key strategies for community-based development.  The similar practices 

examined in this study are the Study Circle in Sweden, Milipa in Mexico and Harambee in Kenya.  The 

realisation that these practices are documented and used for development triggered the author to explore 

the nhimbe practice in relation to community development, that is,  beyond what he already knew from own 

experience and conversations he normally had with his mother on the subject. 

In his development work, the author increasingly noted the growing tendency in the use of people-centred 

or bottom-up approaches in community-based development as extensively discussed by Swanepoel and De 

Beer (2006), Madziva (2011), Mulwa (2004) and Putnam (1993).  The curiosity to establish if there is a link 

between community-based indigenous practices and people-centred approaches ignited this author’s 

interest to research on nhimbe.  As is now understood, the people-centred thinking and practice hinge on 

the premise that effective development designs are those which are, for the most part, link to the social 

context of the people the development programmes intend to benefit.   

The people-centred approach in development is associated to appreciative inquiry (AI) notion which has, 

most notably from the 1990s, made development practitioners worldwide to revisit the way community 

development initiatives are designed, implemented (including monitoring and evaluation) and reported  

(Mulwa 2004 and Whitney & Trosten-Bloom 2002).  AI emphasises that development practitioners and 

social researchers alike should explore the inherent positive attributes of communities or organisations, 

including the ability to independently address their own development situations.  Appreciative inquiry 

concept is gaining acceptance and application in development discourse today and some of its proponents 

include Brett (1995), Hammond & others (1998), Senge (1990) and Whitney & Trosten-Bloom (2002).  

Thus, nhimbe, as will be discussed in Section 4 of this paper, is an example of a community-based 

development practice.  Nevertheless, limited understanding currently exists about its potential to contribute 

to social and economic fabric in communities.  As the literature indicates, understanding local social 

dynamics tends to increase relevance and impact of community development (Foster 2000b, Nobles 1985, 

Owens 1993: 241).  On the whole, the author’s community development experience in Zimbabwe and 

elsewhere indeed increased his curiosity to study the nhimbe practice.   
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1.3 Problem statement  

A variety of factors contribute to the success or failure of community-based development initiatives in rural 

communities including knowledge, skills, community values or norms, type of programme or project, 

whether internally or externally driven, financial and material resources.  To date, at least in the literature 

this author reviewed (Kajese 1987, Munyuki-Hungwe 2011, Madziva 2011, Mararike 2003 and Shutt 2002), 

not much is known and understood about nhimbe practice and its contribution to nurturing and sustaining 

social and economic fabric in specific rural communities in Zimbabwe.  Furthermore, very little has been 

documented about the role traditional practices like nhimbe play in the management, use and sustenance of 

indigenous knowledge for community-based development in developing countries like Zimbabwe.   

2.0 OBJECTIVES 

The study sought to establish what nhimbe is in the context of community development in Zimbabwe.  

Related to this, was the interest to find how the practice contributes to social and economic life of the three 

communities studied namely Gambiza, Musikavanhu and Tsholotsho; these being geographically located 

in the central, eastern and northern parts of the country respectively.  The specific objectives were:   a) what 

is nhimbe? This question included dimensions of its genesis, how it was started, who participates in nhimbe 

and its organisation and management; (b) what, if any, obligations that drive people to perpetuate the nhimbe 

practice?; and (c)  what are the economic and social benefits of the nhimbe practice in a community? 

3.0 METHODOLOGY 

Qualitative research was used extensively in this study accounting for about 90% of the data obtained.  The 

choice for this research design was influenced by two related factors. Firstly, nhimbe has not been 

adequately researched or documented in terms of its connectedness to community social and economic life 

and this required an extensive degree of exploration.  Secondly, nhimbe practice is entrenched in people’s 

culture and tradition (Gelfand 1979, Kajese 1987, Madziva 2011 and Thompson 2010). The current thin 

literature and little understanding of nhimbe insofar as it links to culture, indigenous knowledge and 

community socio-economic fabric justified the decision to utilise predominantly qualitative approach.   

Neuman (2006: 157) emphasises that “…qualitative researchers examine social processes and cases 

[people] in their social context, and look at interpretations or the creation of meaning in specific settings.”   

Schwandt cited in Badenhorst (2008:  92) concurs with Neuman when he posits that qualitative research is 

a study design which seeks meaning of human actions in a given setting.  Leedy and Ormrod (2005: 133) 

use the phrase ‘real world’ when describing qualitative research which clearly signifies that it is conducted 

to understand the real life situations of people in their social world. In this study, nhimbe is the action which 

reflects people’s real social, economic and to some extent, spiritual life situation in the context of 

community-based development. Undoubtedly, qualitative research design was integral in this study because 

indeed nhimbe takes place in specific social contexts across the communities studied. 

3.1 Methodological approach applied 

Realising the socio-cultural nature of the nhimbe practice, it became imperative in the study to apply a 

combination of ethnographic methods including extensive participant observations, oral histories, focus 

group discussions and detailed interviews.  
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 When the word ethnography is split into two parts, it is understood that ‘ethno’ means people and ‘graphy’ 

refers to describing something (Neuman, 2006: 381).   The relevance of ethnographic methods applied in 

the study resonates with the fact that, as already alluded to, nhimbe manifests itself in the lives of the people 

(‘ethno’).  

Experts in ethnography increasingly emphasise that researchers should often spend an extended period of 

time with the people whose situation is being studied (Krueger 1988, Neuman 2006: 381 and Leedy and 

Ormrod 2005: 137).  Extended period can mean days, months or years and the researcher in this study spent 

six (6) days in each community investigated and this was sufficient to achieve the objective of the study as 

stated in Section 1 above.  Most significantly, the ethnographic methods applied considerably helped to 

understand the nhimbe practice from the inside.  To comprehend the research thrust from within the 

community is a notion Mehan and Wood (1975:3 & 5) have stressed in similar studies as this provides 

opportunities to observe and experience the internal dynamics of community life in relation to the subject 

matter.   

3.2 Sampling and research participants 

The three communities studied were selected purposely and the rationale for the selection was to establish 

similarities or differences in the way nhimbe is described and practised by the various ethnic groups in the 

country; Musikavanhu being the Ndau people, Tsholotsho the Ndebele and Gambiza has relatively a high 

mixture of people from different ethnic groups throughout Zimbabwe.  The number of villages that 

participated in the Musikavanhu, Gambiza and Tsholotsho were 9, 8 and 6 respectively.   This is out of the 

total number of villages being 11 (Musikavanhu), 21 (Gambiza) and 6 (Tsholotsho).  The total number of 

households in these communities was: 1 744 in Musikavanhu; 1 235 in Gambiza; and and 1 031 in 

Tsholotsho (Ministry of Local Government, Zimbabwe). It should be noted that a village is under the 

leadership of a village head called Sabhuku in Shona or Ndau and Induna in Ndebele (Mararike 2003).  It 

was beyond the scope of this research to establish the actual number of households in each community 

studied whose representatives participated in the study.  

A total of 170 people participated in the study; the majority (92.9%) being community members from the 

three communities studied who included 23 village heads and three (3) traditional chiefs.  In fact, the total 

number who participated in the study in each community were 42 (Gambiza), 61 (Musikavanhu) and 55 

(Tsholotsho).  The remainder (7.1%) represents 12 key informants who are experts in culture, community 

development and indigenous knowledge.  They were aged from 21 to 92 with 51% aged between 51 to 80 

years. 

3.3  Data collection methods and data sources 

Five data collection methods were applied in the study.  One, interviews were used to obtain data from 

traditional leaders (chiefs and village heads), key informants and some of the community members across 

the age groups.  Two, focus group discussion (FGD) was conducted with community members across the 

age groups and the total number of participants in Gambiza, Musikavanhu and Tsholotsho were 29, 36 and 

29 respectively of between 8 to 12 people in each FGD discussion.  On average, each FGD took between 

90 to 120 minutes.   
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 Three, oral histories were conducted with community elders over 70 years of age in the three communities 

studied. The oral history method was in the form of folktales, songs, most significant incidences, rhetorical 

questions or sarcasm.  Four, the researcher directly participated in two nhimbe activities in each community 

studied.   

Lastly, during his six-day stay in the community, the researcher undertook transect walks (TW) to 

familiarise himself with the environments of the communities studied through use of a structured 

observation checklist to systematically record the observations.  As used in this study, TW is a planned and 

purposive community observation one undertakes through a physical walk in the surrounding of the 

research interest.   The aim is to discover aspects the local people would perhaps take for granted and are 

less likely to talk about them with an outsider in a formalised discussion.   

4. FINDINGS 

4.1. Purpose and description of nhimbe  

The study established that nhimbe has been practised since the 1800s or earlier in Zimbabwe.  The findings 

have indicated that nhimbe is an internally driven community mechanism people use to assist each other at 

household level on a wide range of development initiatives especially agricultural activities for food 

security. One key informant expressed; “nhimbe is a cooperative, collective action, working together and 

the participants come from within the same community [village] and this is done in turns.” This is buttressed 

by a community member who said that “the nhimbe practice helps those who are struggling in the 

community and in the process this promotes unity among the people.”  It is clear from the study findings 

that the central reason why nhimbe is practised is fundamentally for community members to help each other 

at household level with a diversity of development initiatives including farming to sustain food security.   

Notably, its purpose is intertwined with its description; hence, nhimbe is a collective action strategy for 

community-based development embedded in the community culture and the norms practised among people 

who know each other well.  Invariably, findings from the three communities studied indicate that nhimbe is 

required to achieve greater development results than if one (individual or household) works alone.  The 

excerpts below from three informants succinctly emphasise this notion.  

Members of a community help one another in turns like weeding in the field, harvesting, ploughing or any 

jobs that a household may have.  Chindiro chinoenda kunobva chimwe (one good turn deserves another).   

“…it sometimes happens that people organise a nhimbe for a household [community-organised nhimbe] 

after observing a need.  This scenario normally applies to vulnerable groups in the community like the 

elderly, people with disability, the sick and today even child-headed households. 

My understanding of nhimbe is that it is a societal get together in terms of supplying labour in the process 

of production, mostly in farming, or whatever jobs people require to be done.  …it is done by people from 

the same village mostly in the rural areas and they do it in a rotational manner depending on individual 

household’s needs within the village.  

Another informant expressed a similar view to the above quotation saying that “…it [nhimbe] recognises 

power in numbers” which suggests the power of collective action in community-development.  
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 Similarly, a community member stated that “nhimbe is pulling together of efforts to complete work.” It can 

be seen that nhimbe is a needs-based community development (NBCD) strategy the communities use for 

their livelihoods. 

4.2. Other terms for nhimbe  

In the communities studied, the study discovered that nhimbe is known by two other terms.  In Gambiza 

and Musikavanhu, it is also known as humwe while both Gambiza and Tsholotsho it is ilima.  In other parts 

of the country, nhimbe is also known as hoka, mukote and chigambe.  Despite the different names used due 

to ethnical and language differences, the study found that the nhimbe is practised in a similar fashion across 

the three communities studied.  

4.3. Participation criteria in nhimbe 

With regards to who participates or is excluded from participation, the study revealed that nhimbe is 

restricted to members of the same village who uphold the values of reciprocity, mutual trust, respect, peace, 

community solidarity and allegiance (Hampson 1990, Madziva 2011 and Manona 2005).  On this aspect, it 

emerged that if one does not uphold these values (especially reciprocity and peace) the person is excluded 

from taking part in the nhimbe thereby losing the priviledge to receive assistance from fellow community 

members when the individual requires them for household development initiatives.  It is clear that, to a 

great extent, nhimbe is a practice that nurtures and maintains community socio-moral fibre (unhu21) through 

enforcing the upholding of community values or ethos like reciprocity, trust, solidarity and peace.  In the 

communities studied, it emerged that the practice of these ethos is viewed as one’s demonstration of 

patriotism to community socio-moral compass and development.  

4.4. Economic development activities to which nhimbe is applied 

For the most part, the study discovered that nhimbe is an economic community arrangement which is 

anchored on the reservoirs of social factors, an aspect that will be discussed in Section 4.5 later in this paper. 

The study findings pointed out that nhimbe practice is applied to various economic activities in the 

community.  The activities are in two categories namely agriculture-based and non-agricultural activities as 

tabulated below. 

 

 

 

 

 

                                                 

 

 

21Unhu is a Shona word which means to be whole/to be of integrity, that is, to be of good character in the community.  
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1. Agricultural activities 2.  Non-agricultural activities 

1.1 Land preparation 

1.2 Threshing or shelling of grain 

1.3 Sowing 

1.4 Ploughing 

1.5 Planting 

1.6 Weeding 

1.7 Harvesting 

2.1 Building houses 

2.2 Road construction and clearing 

2.3 Brick molding 

2.4 Thatching of houses 

2.5 Construction of schools, clinics, community 

civil centres and dams 

2.6 Fencing fields, paddocks, and homesteads  

Table 1:  Economic activities for which nhimbe is applied in a community 

Notably, the findings shown above contradict assertions by other authors that nhimbe relates only to farming 

(Kapasula 2010 and Leedy 2010).  

As far as this author knows, only Madziva (2011) and Mbenene and others (2010) in their related writings 

mentioned nhimbe as a practice that is used for a wide range of activities in the community beyond farming.  

Clearly, this shows the versatility and significance of nhimbe in promoting and sustaining economic fabric 

in communities.  It should be pointed out though that the study found agricultural or food security aspect as 

the major economic activity for which nhimbe is applied across all the three communities studied.  This 

resonates with the response this researcher’s mother gave him when he was 13 years old in the conversation 

regarding why nhimbe is practised.  To reiterate, she said; “If we [members of this household] don’t meet 

our [farming] targets, you know what it means; it means you will not have food to eat; do you like to 

experience such a situation?”  Invariably, across the three communities investigated, food security featured 

prominently within the broad context of livelihoods as a key economic benefit that arises from the nhimbe 

practice.  The next section focuses on the social dimension of nhimbe.  

4.5. Social dimension of nhimbe 

The study has shed more light on the importance of social analysis to understand cultural norms of 

communities and how that influences strategies local people can adapt for community-based development.  

In view of the community development phenomenon, understanding local people’s culture or social-moral 

compass is a key entry point because it provides insights into how they interpret their own reality (Cornwall 

2008, Kajese 1987 and Nobles 1985). Most significantly, findings obtained in this study suggest that nhimbe 

radiates both the sociological and economic life of a community.  Four social dimensions emerged from the 

study which are: (i) the link between extended family support practice and nhimbe; (ii) nhimbe as a 

socialization phenomenon; (iii) social obligations which anchor the nhimbe practice; and (iv) regularity of 

nhimbe practice in the communities studied. 

4.5.1 Conceptual relationship between nhimbe and extended family value practice  

The study findings indicated that there is a direct association between extended family support practice and 

nhimbe practice.  This is emphatically expressed by one informant as stated below. 

There is a disintegration of extended family system now.  When you are in a village, you are related to 

everybody else.   
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You even call each other by certain relational names like mainini (aunt), babamunini (uncle), sekuru 

(grandfather), mbuya (grandmother), mukoma (brother), taita (sister) and so on; so you are related to 

everybody.  The extended family system is the context under which nhimbe is practised. 

In exploring this relational aspect, a closer examination revealed that indeed the objective of both the 

nhimbe and extended family support is quite similar.  That is, the central objective of both practices is to 

voluntarily provide assistance to one another at household or community levels underpinned by the values 

of love, reciprocity mutual trust, solidarity and respect.  In fact, the study revealed that the communities 

studied understand nhimbe as a higher level of extended family support system; “Nhimbe is a higher level 

of extended family practice in Zimbabwe; it is the support given beyond one’s family circle.” Another 

community member concurs, “Nhimbe is the opposite of individualism; it is group work as it provides 

community synergy which leverages on knowledge, skills and experiences among community members.”  

Notably, the study established that people who have a strong value for extended family support system are 

more likely to practise nhimbe. 

4.5.2 Socialisation 

As the study found, nhimbe goes beyond meeting the economic needs of communities to facilitating 

socialisation among community members through cultivating and sustaining social networks (Leedy 2010, 

Madziva 2011, Nemarunde and Kozanayi 2002 and Mbenene, Mutami and Tuvuyanago 2010).  In fact, 

nhimbe provides an opportunity for socialisation among community members including young people into 

adulthood (Gelfand 1979) as they learn from elders the socio-moral values and social skills that enable them 

to fit well into their immediate and extended societies.   

A crucial component of nhimbe practice that provides a socially-permissive atmosphere for socialisation to 

occur is the feasting as one informant expressed; “…at a nhimbe, food is prepared and served including 

beer for those who take it.  This [nhimbe] is a form of a party where people enjoy themselves during and 

after work.”  Feasting is in line with one of the Zimbabwean ethos vividly captured in this adage which says 

‘ukama igasva unozadzidziswa nekudya’ (relationships is incomplete unless people share food and eat 

together).  This implies that community development design and implementation in Zimbabwe (at least in 

the communities studied) should always incorporate the feasting dimension.  In fact, during feasting people 

socialise and they share knowledge and skills, that is, skills transfer takes place in the process.  As evidenced 

in this study, feasting goes beyond one’s mere satisfaction of hunger.  Other forms of socialisation that 

manifest in the nhimbe practice include singing and dancing as well as cracking of jokes as explicitly put 

forward by one of the community members. 

…during the nhimbe, there are a lot of jokes, laughers and the work would go on quickly; this is a good 

way of working together. …people sing songs and the significance of the singing is according to the 

particular work they are doing. 

This finding suggests that nhimbe, apart from providing economic benefits to the communities; it also plays 

a social support role in the community.  This is because nhimbe, as the findings have shown, encourages 

community cohesion, provides a platform for people to share their social issues and in the process it 
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facilitates peace building and conflict resolution.  In other words, nhimbe is seen as a social insurance 

including maintenance of peace in the community; as explicitly expressed by one of the informants.   

I see nhimbe as a social security [insurance] network in the community; meaning that it is a community 

social support system.  Nhimbe is different from new forms of social security networks in society like 

political parties and religious groups as sustainability of these is threatened when members get disgruntled 

with the leaders.  Nhimbe can succeed or fail depending on how people uphold the community ideals in 

their lives.  

This viewpoint is supported by a community member who asserted that “…like I said earlier, ilima [nhimbe] 

is a social way of doing things, helping each other and keeping harmony in the community.”  This dovetails 

with the earlier discussion on the relationship between nhimbe and extended family support in which peace 

or harmony is a central requirement for both practices to happen.  It should also be pointed out that the 

study discovered a strong relationship that exists between nhimbe and the cultural framework of a 

community in which it is practised, this being the focus of the next discussion. 

4.5.3 Social obligations that underpin the nhimbe practice 

As already noted, community members are duty-bound to help each other and eight (8) obligations are 

generally understood and everyone strives to apply them at individual, household and community levels. 

Table 2:  Social obligations underpinning the nhimbe practice 

Community obligation Brief explanation 

Helping one another Community members are obliged to help others through sharing of 

knowledge, skills, experiences and labour 

Reciprocal relationship One upholds the notion of request for help and also give help 

Cooperation Everyone in the community is expected to collaborate with others on 

socio-economic development initiatives 

Respect Regardless of one’s socio-economic status and other personal 

attributes, everyone matters in development processes 

Mutual trust People who participate in nhimbe have already trusted each other.  It 

is understood that as trust increases levels of suspicion against one 

another decreases leading to increased interaction among 

community members 

Punctuality People have to be punctual in everything that takes place in the 

community including their participation nhimbe 

Hard working No one in the community should work at a level which would be 

interpreted as laziness  

Food and beverage provision When one organises nhimbe, it is implicit that food and beverages 

be served as a ‘social payment’ to the participants.  In Zimbabwe, 

the Shona people have an adage which says ‘ukama igasva 

unozadzidziswa nekudya’ (relationship is incomplete unless people 

share food and eat together) 

http://www.rcz.ac.zw/
http://www.rcz.ac.zw/


10th Zimbabwe International Research Symposium Book of Papers Presented (ISSN: 2412-2386) 

Published by Research Council of Zimbabwe   

Website: www.rcz.ac.zw   152 

In this study, the term obligation implies that one has a civic duty or community patriotism to uphold this 

set of ethos.  If one chooses not to abide, the individual faces social exclusion including that if he or she 

organises nhimbe, attendance by community members would certainly be below the normal.  This means 

one is likely to experience a reduced social network and social security/insurance in the community which 

leads to erosion of community cohesion.  Emphatically, one informant put it this way; “By not upholding 

the community ethos, you are making yourself an odd figure in the community.  In fact, you don’t fit the 

community norms [values or unhu].”  This suggests that the community social insurance as promoted 

through nhimbe practice can only benefit those who genuinely practise the socio-moral framework of the 

community as outlined in Table 2 above. 

The discussions presented thus far on the social dimension of nhimbe clearly show five (5) reinforcing 

perspectives of the practice which sustain community social fabric.  Firstly, nhimbe brings a sense of 

belonging in the community as it breeds love, togetherness or solidarity and cooperation (Anderson 2002, 

Madziva 2011 and Munyuki-Hungwe 2011).  Secondly, nhimbe enables people to uphold community 

culture and ethos through practical expression of love, trust, respect and reciprocal relationship.  Thirdly, 

the practice enhances community cohesion and solidarity as people help each other through working 

together on short-term and long-term development initiatives.  Fourthly, nhimbe provides a platform to 

discuss a diversity of social issues and challenges.  Lastly, it facilitates social interaction, entertainment and 

networks among community members including peace and relationship building. These elements re-affirm 

that nhimbe is a social support system in the community.   

4.5.4 Regularity of nhimbe practice 

When it comes to how often community members practise nhimbe, the study findings indicated that it is 

still a common practice in the communities studied.  Comparatively, the study found that it is highly 

practised in Tsholotsho and Musikavanhu and less in Gambiza.  This conclusion is based on the researcher’s 

observations during fieldwork as well as the analysis of the estimates the community leaders and members 

provided during the interviews which showed regularity in Tsholotsho, Musikavanhu and Gambiza to be at 

73%, 70% and 48% respectively.  The study revealed that the key factors for regularity of nhimbe in a 

community are: (i) active involvement of village heads; (ii) strong social bonds among households; (iii) 

perpetuating extended family value system; and (iv) upholding of community values (unhu) particularly 

reciprocity, trust, solidarity, respect and peace.  By inference, some of these factors are stronger in some 

communities studied than others which is evident in the varied estimated regularity percentages provided. 

The notion of strong social bonds resonates with the ‘affective labour’ concept put forward by Muehlebach 

(2011:67) and Munyuki-Hungwe (2011:113) which states that community members voluntarily help each 

other in development initiatives as an explicit expression of social bonds and love for one another.   

In fact, when community members rally together to help one another whether through nhimbe or other 

community collective actions, it is really a show of what this author calls ‘community patriotism for 

development’ (CPD).   In other words, CPD is practical love, allegiance and social attachment to economic 

and social life of one’s community.  The study disclosed that nhimbe is a practice through which CPD is 

manifested. 
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 Without a doubt, CPD is one of the important local dynamics whereby internal or external development 

actors should seek to understand in order to achieve transformative results in community-based 

development (CBD). 

CONCLUSIONS 

The study has shown that nhimbe has been practised since the 1800s or earlier and it is culturally 

institutionalised in the communities studied. The rationale associated with nhimbe practice is that 

community members are duty-bound to collectively assist each other on a diversity of development 

initiatives especially agricultural activities. 

Certainly, the study has demonstrated that the principles of nhimbe and community-based development are 

quite similar.   This leads to a conclusion that nhimbe has been a missing link primarily because of its limited 

recognition in the Zimbabwe community development agenda.  Additionally, the study has shown that 

nhimbe is indeed is both a local knowledge and organised social capital in the community for socio-

economic development.  In fact, social capital is, on one hand, a characteristic, and on the other hand, the 

heart that drives the nhimbe practice in the communities. The social capital perspective of nhimbe is hinged 

on reciprocity and trust, the notions that have been widely discussed in community sociology theories 

((Putnam 1993, Realo and Allik 2008). 

RECOMMENDATIONS 

Following the findings presented and the conclusions drawn above, three (3) recommendations are made 

for the Government of Zimbabwe and its stakeholders (local and international) to consider in the interest of 

sustainable national development agenda. 

Fostering understanding of nhimbe among local and international development agencies  

Noting that the principles of nhimbe and community development are similar, it is recommended that all 

community development agencies (local or international) should understand nhimbe with an aim of 

incorporating it in their community-based development programme/project designs. To this end, a 

publication of a book on nhimbe will greatly foster this understanding among state and non-state 

development players in the country. 

Research and development in indigenous or traditional practices 

It is urged that the government of Zimbabwe as well as the local and international research and development 

institutions to fund research work in indigenous knowledge practices like nhimbe in order to contextualise 

development.  The suggested support should extend to funding publications of the studies conducted in the 

form of books; journal articles as well paper presentations at national, regional and international research 

or development conferences. 

Inclusion of nhimbe in humanity studies 

The study has revealed that community sociology (unhu) plays a major role in community-based 

development discourse.   
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Against this backdrop, colleges and universities in Zimbabwe should consider including nhimbe and related 

indigenous practices in their curricula of development, sociology and anthropology studies at both 

undergraduate and graduate levels. Ultimately, the inclusion of nhimbe in the related curricula will help to 

effectively position it and similar practices in the academic community development discourse. 
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ABSTRACT 

This study was carried out among the University of Zambia students and the various counselling points at 

the University of Zambia. The  purpose of this study was  to find out which sex (male or female students) 

benefited more from the counselling services offered at the University of Zambia counselling centres and 

also the attitude of  students on the services provided at the centres. The interview guide was the instrument 

used to obtain information from the University of Zambia counselling centres by interviewing the members 

of staff, for example the dean of student, two assistant deans and Kafue counselling centres counsellors. 

The questionnaire was used to obtain information from students at the main Campus University of Zambia. 

The findings were that female students benefited more than the male students. However from the annual 

report obtained at the Kafue counselling centre, the males are seen to benefit more than the females. The 

research reviewed that most of the students had a positive attitude towards the counselling and only a few 

had a negative attitude.   

Keywords: Counselling, student service, counselling centre 

1.0 INTRODUCTION 

In this article we are focusing on who benefits from the counselling services at the University of Zambia 

counselling centres. Our studies looked at student services in general and narrowing it down to the 

counselling services at the University of Zambia. The basic purpose of counselling is to ensure the physical, 

emotional, social and educational development of learners or students. 

1.1 Background of the study 

Services have been in existence for a long time. They are as old as the human race itself. A service is done 

by a group of people or individual for the benefit of others. It is said to be an act of assistance. A service is 

also a company or agency that performs public services. Services are often described as things you can buy 

or sell but cannot drop on your foot i.e. they are not a tangible commodity (http:// www.org.nz/gats .htm). 

Students services provide a quality students experience by supporting students access, success and retention. 

It ensures students have opportunities to make successful transactions to their universities or learning 

institutions setting and to learn career readiness skills while maintaining healthy life styles. 

Various Universities and higher learning institutions have services that they provide to their students. At 

SUFTS University, as the first contacts for undergraduates and education, student’s affairs services and 

student’s services, the desk in doing hall is designed to help both under graduates and graduate students as 

accurately thoroughly and as quickly as possible via phone, email and website. They help students get 

answers to their question. Complete university transaction are also handled at the desk. 
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The SUFTS University provides top assistances in the following areas; 

 ACADEMIC AND STUDENTS RECORDS 

 Registration and requirement information / class scheduling  / final exams /classrooms 

 Update Academic records: add/drop declaration of major and advisory changes at address. 

 Course description and offerings 

BILLING AND FINACIALL AID 

 Answer billing and financial aid questions 

 Discrepancies on bills with financial aid 

 Process billing payment 

 E-billing  

 Refund policy and request  

 Late fees  

 sign for loans and scholarship check 

ONLINE SERVICES FOR STUDENTS 

 Sis online (registration, add/drop, request for a transcript online, update address, information) 

 Web centre (request a verification latter, request a refund, transfer of credit )  

 DARS 

 E-billing  

 Enrolment  

 Connection for new students. 

ONLINE SERVICES FOR FACULTY 

 Sis online (grade posting, release for registration advisory) 

 Veblen try  (transfer of credit, reports ) 

 DARS (http://us sufts-edu/stuserv) 

 At the University of Sydney services for students exist to assist learners in achieving their education goals 

by providing personal welfare, administration, library, IT and academic support services for learners to 

facilitate their services at the University. The services for students website provides information regarding 

services located on camper down/Darlington and services located at the Cumberland campus 

A counsellor, international student counsellor, disability services officers, and learning skills advisers are 

located on Cumberland campus. Cumberland students are also able to access support services. Students at 

the Sydney conservatorium, Sydney College of arts, law school and clinical site and other University 

location are able to access the students support services located at the camper down/Darlington campus. 

The Chinese University provides comfortable room both single and double for international students. Each 

room is equipped with an internet terminal, air conditioner, bathroom and kitchen facilities. International 

student can have meals in Yuan hostels. The daily cost is 15-30 Yuan RMB. The university healthy centre 

is open all day long for students.  
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There are many sport and recreational places as well as diversified students clubs for extra-curricular 

activities. Partial scholarship or room rent discount can be offered to international students who take party 

in on campus or off campus, foreign language teaching for Chinese students organised by the University. 

The University of Zambia counselling centre was opened in the early 1980’s with the sole objective of 

helping students clarify and understand academic goals and purposes to suit future career prospects and to 

help students adjust to the social, economical, political and psychological change of life on campus. Today, 

the University enjoys tranquillity and convenient surroundings. There is within the University, a 

supermarket, a post office, bookstore and a bank. Bus routes connect the campus with the down town and 

railway station (services@chiwest.com) 

The University of Zambia also offers various services. Health services are offered free of charge to the 

students when the academic year is in session, during breaks students seeking medical services have to pay 

unless those with prior written authority from the respective deans to be on campus during breaks. 

The University of Zambia also offers accommodation even though hostels are not enough to cater for all 

the students and there are also library and counselling services that are offered to students. Counselling is 

fairly a recent development which is regarded as professional activities, although historically it is perceived 

to be as old as humankind. This is also because throughout history some people have been identified to help 

others cope with their problems and other situations in life. 

 In pre-historic Zambian societies, counselling in its broad sense was given to one person by another, usually 

by elders to the young. It is clear through history that mankind always sought advice and counselling from 

their experiences and problems from among themselves. According to Stokes (1986), it could therefore be 

suggested that chieftains and elders of tribes were the pioneers of counselling in African societies. In Zambia 

counselling existed long before the advent of European formal education. For example, there were 

councillors like bana chimbusa who counselled girls who were about to get married. They used to teach 

them on how to take care of their husbands and children. In Bemba society, young men attended traditional 

counselling in places called insaka where they were counselled and taught on various issues of life. 

People in all cultures and societies have experienced psychological disorder and behaviour problems at one 

time or another (Howarth, 2001). Such problems are usually dealt with by the help of those considered to 

have a wider knowledge about them. In African traditional societies and Zambia in particular, parents and 

other elderly in society were and are expected to counsel the young ones on how to cope with different 

issues they face in life. For instance, the transition of boys and girls from childhood to adulthood was usually 

done through initiation schools like ichisungu for girls and mukanda for boys where they are taught on how 

to cope up with parental situations when they graduate to adulthood. 

Today, as a result of formal education, traditional counselling has proved to be inadequate in the sense that 

it has failed to deal with more advanced issues that affect academic, career guidance as well as psychological 

problems. It is for this reason that counselling  has been found to be an important service to be offered at 

any learning institution so as to help students  adjust and resolve social and emotional problems  they 

encounter in the learning process (Tambo, 1980). 
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1.2 Statement of the problem 

All over the world students from different learning institutions have experienced psychological disorders 

and behavioural problems and other issues that affect their lives. Most of the students have gone for 

counselling services at their institution of learning to try and get assistance which they have achieved. 

Counselling services and programmes have been established to address the psychological, social and 

educational problems that students face. However little or no effort has been made to investigate on who 

benefits from these counselling services. It is therefore not easy to know how far counselling services have 

attained or achieved their objectives.  

1.3 Purpose of study 

The purpose of the study was to investigate on who benefits from the counselling services offered at the 

university of Zambia counselling centre (male or female). 

1.4 Objectives 

The objectives of the study were to find out:  

1. Students general knowledge about counselling. 

2. Which of the sexes appreciated and utilised more of the counselling services offered at the University 

of Zambia counselling centres? 

3. Problems students would seek counselling for and where they would get help from. 

4. Student’s attitudes towards counselling services. 

2.0. METHODOLOGY 

In order to provide an accurate account of the investigation on who benefits from the counselling services 

at the University of Zambia (male or female). The survey design was used. 

The total population included the entire full time students at the University of Zambia main campus who 

ware 11, 854. The distribution thereof in eight schools was as follows; 

Table 1: Full time Student distribution at the University of Zambia 

NAME OF SCHOOL NUMBER OF STUDENTS 

EDUCATION 6231 

HUMANITIES AND SOCIAL 

SCIENCES  

2592 

NATURAL SCIECNCES  1429 

AGRICULTURAL SCIECNCE  464 

MINES 234 

LAW 349 

ENGINEERING 415 

VERTINARY MADICINE 140 

TOTAL 11,854. 
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The population also included VCT counsellors at UNZA clinic, counsellors from Soweto UNZA counselling 

centre, the Dean of student’s affairs and the assistant Deans. The population did not include the school of 

medicine because it is not situated at the main campus.  

Since the study concentrated on all the full time students at the University of Zambia main campus, 

disproportionate sampling procedure was conducted. Disproportionate sampling is more common in survey 

organisations. Larger organisations will tend to be more variable, for example in their labour force numbers. 

More precise estimates could then be obtained from sample with an over representation of larger 

organisation 

Disproportionate stratification is used for two purposes: 

A. To give larger than proportionate sample sizes in one or more sub-groups so that   separate analysis 

by sub-group will be possible and far more rarely  

B. To increase the precision of key survey estimates. 

The pyramid below is representing the eight (8) schools at the main campus and the total number of students 

from each school. Since we used disproportionate sampling, we only select seven (7) students from each 

school to be part of the sample despite of how many students were in that school. This is because 

disproportionate sampling is not representative; it is not based on fixed fraction. Hence the total number of 

students in a school does not matter as only seven (7) students were being selected.  

  

The methods used were known as the survey questionnaire and survey interview method. The term 

‘’survey’’ is derived from two words ‘’sur’’ and ‘’vey’’ which means to see a particular thing from a high 

place. The term is used in different ways in different disciplines. In the social sciences it is used to collect 

data through instruments like interview, questionnaire, library or books. Survey aims at the removal of all 

social-economic problems of the backward class and under privileged groups in society.  

Vet 

140 Students

Engineering  (415 Students)

Law (349 Students)

Mines (234 Students)

Agriculture Science (464 Students)

Natural Sciences (1429 Students)

Humanities & Social Science (2592) 

Education (6231)

http://www.rcz.ac.zw/
http://www.rcz.ac.zw/


10th Zimbabwe International Research Symposium Book of Papers Presented (ISSN: 2412-2386) 

Published by Research Council of Zimbabwe   

Website: www.rcz.ac.zw   161 

The questionnaire survey method is more reliable than any method it has the following merits; 

 A survey throws light on the different aspects of social problems and on this basis; a constructive 

plan can be made for the development of the society 

 Through surveys, a solution to the problem can be made effectively and easily. 

 Survey helps to build the foundation for the completion of a research project. 

 They help to gather well organised information on a particular problem. 

 Through survey, a research comes in direct contact with the people from whom he/she collects 

the information. In this project, new factors of life can be gathered on the basis of which new 

heories can be developed. 

The instrument for data collection was the semi-structured questionnaire which was a combination of the 

structured and unstructured questions. This kind of questionnaire had two types of questions. The first two 

types of questions were those that had a number of written answers for example, where do you come from? 

a) Southern province 

b) Northern province 

c) Central province 

Here the respondents were confronted with a number of alternative answers and were therefore requested 

to indicate the answer which applied to their opinion. 

The other type of a question had no provision of answers so that the respondents were able to fill in what 

they thought was the right answer. 

On the other hand we used the interview method when interviewing the staff at the counselling centres, 

assistant deans and the dean of students. Under the interview method, we used a semi-structured interview 

guide as an instrument. This instrument was used to collect data from members of staff at the counselling 

centre at the University of Zambia. A face to face interview was conducted. The main advantage of face to 

face interview or direct interview is that the researcher can clarify doubts and ensure that the responses are 

properly understood by repeating or rephrasing the question.The research can also pick up nonverbal cues 

from the respondent. Any displeasure can be detected through frowns, nervous, tapping and other body 

language, unconsciously exhibited by the respondent. This would obviously be impossible to detect in a 

telephone interview. 

3.0 FINDINGS 

The researcher collected data from a total number of 63 respondents. Those involved were 56 students and 

7 staff members. 

The discussions of the findings were interpreted with the help of the objectives of the study.  

3.1 To establish whether students had the general knowledge on counselling, students were asked the 

following questions. 

 In your own option what do think counselling is? 

 Are you aware of the counselling centre at the University of Zambia counselling centres? 
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 Have you ever received any form of counselling services? 

 If yes what problem were you facing?  

3.2 STUDENTS WHO HAD GENERAL KNOWLEDGE ABOUT COUNSELLING 

In establishing students on general knowledge on counselling, 34% of the respondents said that counselling 

was advice given to a person, 14% said that counselling was a discussion between two people. 16% of the 

respondent said counselling is guidance given to a person who has requested. Finally 36% of respondents 

explained that counselling was helping so me one to find a solution to their problems. 

Figure 1: Distribution according to student’s opinion on what counselling is  

 

4.1.2 Students awareness of the counselling services at the University of Zambia 
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Figure 2: Distribution according to students’ Awareness of the counselling centers at the University of 

Zambia 

According to the data obtained in the table above, 89% of the respondents were aware of the counselling 

centre at the University of Zambia, on the other hand 11% of the respondents were not aware of the 

counselling centres at the University of Zambia. 

 

Figure 3: Distribution of services offered to students at the University of Zambia counselling centres. 

According to the information obtained in the table above 54% of the respondents said UNZA counselling 

centre offered counselling when one was performing badly in their academics. Another 45% said 

counselling services on issues of relationships were being offered. 89% believed that VCT, HIV and AIDS 

counselling was being offered, 45% said that counselling services were being provided for those who 

wanted to be on bursary or government sponsorship. They further said that the counselling centre gave a 

later to those who qualify for bursary to take to the Ministry of Community Development and Social 

Welfare. Another 89% said counselling services were offered to students who failed to pay their school fees. 

54% of the respondents believed that services of career and guidance were being offered. 96% said 

counselling in line with accommodation was offered. 91% of the respondents said that counselling was 

offered to students who had academic problems. On the other hand, 16% of the respondents said that they 

did not know any services that were offered at the University of Zambia counselling centre. 

When we asked the staff members at Kafue UNZA counselling centre about the forms of counselling 

services provided, they both said they provide general counselling, career counselling and academic 

guidance, psychosocial counselling and academic concerns. They said their aim was to provide 

psychosocial support to students in order to contribute towards good learning environment and help students 

to cope with academic pressure. 
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During the interviews, the Dean of students said his office offered the following services; accommodation, 

sports and recreation (bar and debate), hot cultural services (cleaning of the surrounding and conduction 

orientation for all the first years students each year they come. He believed that his office only offered non-

academic services which helped students live better lives on campus. They believed that students were 

aware of their services because students frequented their office to seek for accommodation. 

During interviews, two assistant deans said that they provided the following services; academic issues, 

reprint of confirmation slips, problems with courses and transcript of results, advised students on courses 

to study depending on the year of study they are in. They also believed that students were aware of their 

services because they never had a day when students did not come for some kind of help. 

The research revealed that UNZA clinic counselling centre offered the following services; pre-counselling 

services on VCT, HIV and AIDS. Both counsellors at the clinic believed that students were aware of their 

programmes or services. To qualify their belief, they said they carried out a survey which showed them that 

students were aware of their services. 

4.1.3 Students who had received any form of counselling  

 

Figure 4: Distribution according to students who have received any form of counselling service. 

According to the data collected in the table above, 43% of the respondents received some counselling 

services while 32% of the respondents said they had never received any counselling services. 
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Table 1: Distribution according to problems faced by student’s who had received counselling services. 

Problems faced Number of students out of 56 % 

Opening bank account 50 89% 

Relationship  30 54% 

Social Problems  30 92% 

To know HIV and AIDS Status 52 18% 

Mental exhaustion  10 54% 

Career Guidance 30 94% 

Academic Problems 55 96% 

Failing to pay school fees 54 71% 

No problem  40 57% 

The research showed us that 89% of the respondents had problems with opening an account with Finance 

Bank. The next 54% had problems in relationships. 36% had various social problems. 92% of the 

respondents went for counselling at UNZA clinic because they wanted to know their HIV and AIDS status. 

18% had problems of mental exhaustion. 54% of the respondents wanted to be guided in the choice careers. 

98% had academic problems. 96% of the respondents had failed to pay their school fees.71% of the 

respondents needed accommodation. 

4.2 THE SEXES THAT APRRECIATE AND UTILIZE MORE OF THE COUNSELLING 

SERVICES AT THE UNIVERSITY OF ZAMBIA COUSELLING CENTERS. 

 

Figure 5: distributions according to the sexes that appreciated and utilised more of the counselling services 

offered at the university of Zambia counselling centre. 

3.3 Annual reports from the Kafue centre at the University of Zambia 

According to the staff members at Kafue counselling centre, the number of males who went for counselling 

was greater than that of females. To prove their explanation they gave as the following information in the 

tables. This information was from annual reports of the counselling centre.  
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Figure 6: Percentage distribution of the number of clients counselling by gender, January to December. 

 

Figure 6b: Percentage distribution of the number of clients counselling by type of counselling, January to 

December. 

Source: annual reports at the counselling centre 

The table above shows as that more males seek counselling services compared to females. 
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Table 2: total number of cases for academic year 2000-2001 

Types of counselling 

Males  Females  TOTAL 

Count  % Count  % Count  % 

Academic 533 75% 181 25% 714 76% 

Accommodation  8 20% 33 80% 41 4% 

Carrier guidance 15 65% 8 35% 23 2% 

Funerals 1 33% 2 67% 3 0% 

Health related 7 33% 14 67% 21 2% 

Psychosocial 30 45% 36 55% 66 7% 

Psychological 1 13% 7 88% 8 1% 

Tuition related 41 66% 21 34% 62 7% 

TOTAL 636 68% 302 32% 938 100% 

          Source of information: Counselling Centre, 2000-2001 annual report. 

Table 3: academic year 2001-2002, number of cases received at the counselling centre 

Types of counselling 

Male  Female  TOTAL 

Count % Count % Count % 

Academic  29 58% 21 42% 50 6% 

Accommodation  6 12% 44 88% 50 6% 

Funerals  4 80% 1 20% 5 1% 

Health related  - - 13 100% 13 2% 

Psychosocial 27 36% 47 64% 74 9% 

Psychological 4 100%  0% 4 1% 

Carrier guidance 33 65% 18 35% 51 6% 

Tuition related 387 69% 177 31% 564 71% 

TOTAL 490 62% 302 38% 792 100% 

 Source of information: Counselling Centre 2001-2002 annual reports 
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Table 4: academic year 2003, number of cases received at the counselling centre 

Types of 

counselling 

Male  Female  TOTAL 

Count % Count % Count % 

Academic  58 77% 17 23% 75 9% 

Accommodation  20 95% 1 5% 21 2% 

Funerals  5 42% 7 58% 12 1% 

Health related  19 95% 1 5% 20 2% 

Psychosocial 2 9% 21 91% 23 3% 

Psychological 77 100% 0 0% 77 9% 

Carrier guidance 7 7% 96 93% 103 

12

% 

Tuition related 267 70% 117 30% 384 

46

% 

TOTAL 471 56% 371 44% 842 

100

% 

Source of information: 2003 reports 

The three tables are showing us that males appreciate counselling services more than females in all the four 

(4) years that were recorded 

The two counsellors at UNZA clinic did not give us the number of males and females they counselled. This 

was because they had received directives from the Vice Chancellor to treat such information as confidential. 

The Dean of Students said that they did not record the number of students that came to seek for services. 

The assistance Deans too had no record of students that came for counselling because they never counted 

them. 

3.4 CATEGORY OF PROBLEMS STUDENTS WOULD SEEK COUNSELLING FOR AND WERE 

THEY WOULD GET HELP FROM. 

The research revealed that 18% of the respondents who would face the problem of accommodation would 

get their assistance from the Dean of Students. 14% of the respondents said that they can be helped by the 

assistant Deans if they wanted to withdraw from school. 21% believed that to find out about VCT, and their 

HIV/AIDS status they go to the counselling centre at UNZA clinic. 14 % of the respondents said that for 

academic problem they would consult the assistant deans and finally 13% said for failure to pay school fees. 

They would go to UNZA Kafue counselling centre. 

On the other hand, 20% of the respondents were not sure where they would get help from to solve the 

various problems that they would face.  
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Table 5: distribution according to category of problems students would seek counselling for and were 

they would get help from for such problems. 

Category of 

problem 

Were to get help from Number of 

students 

Percentages 

Accommodation Dean of students 10 18 

Withdraw from 

school 

Assistance deans 8 14 

HIV/AIDS UNZA HIV/AIDS counselling 

centre 

12 21 

Academic problem Assistance dean 8 14 

Failure to pay 

school fees 

UNZA Kafue counselling centre 7 13 

Others Not sure 11 20 

TOTALS  56 100 

3.4 THE ATTITUDE OF STUDENTS TOWARDS COUNSELLING 

The research showed that 75% of students who have never gone for counselling said that they would 

consider going for counselling while 25% said they never go for counselling. 

 

Figure 7: distribution according to students who would consider going for counselling even if they had 

never gone for counselling before 

The research revealed that 21% of the respondent would consider going for counselling because of their 

need to be helped. Another 21% said in counselling lay solutions to problems. The next 21% said they 

would want to know their HIV status. 13% of the respondent said they would consider counselling if they 

had academic problems. 8% believed that counselling would help them if they needed carrier guidance. The 

other 8% said they would consider counselling if they needed to be counselled. Finally 8% believed that 

counselling is a mind opener hence they would consider counselling. 
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On the other hand 13 of the respondents said that they would never consider counselling because things 

were going well for them. 25% believed that if they cannot resolve an issue no one can. 37% said that 

counsellors lack confidentiality hence going for counselling is inviting embracement. 25% said they would 

not consider counselling because it was time wasting. 

Figure 8: distribution according to reasons why students would consider going for counselling 

 

Table 9: distribution according to reasons why students would not consider counselling services 
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3.5 Students opinion of the benefits of counselling services 

Furthermore 6% of the respondents said that counselling services offered at the university of Zambia 

counselling centre were beneficial because students were being helped to overcome stress. 17% of the 

respondents said that a problem is a problem solved and it is only during counselling when problems are 

shared and solved. 23% of the respondents said counselling services were important because through them, 

students were given guidance in various areas of their lives. 15% said that counselling is beneficial for it 

helps people in balancing their emotions. 23% of the respondents said people who go for counselling 

manage to solve most of their problems. 8% said that counselling services were important because they 

gave one an opportunity to prepare to know HIV and AIDS status. 6% said counselling services were 

beneficial because of the confidentiality portrayed by the counsellors. 

On the contrary 12% said that counselling services at UNZA counselling centres were not beneficial because 

everyone determines their own fate. 25% of the respondents said that counselling services were not 

beneficial because counsellors lacked the skill of confidentiality. 38% said that they had seen no change of 

the better in the people who had received counselling services. 

All the staff at the counselling points believed that their counselling were beneficial to their students. 

 

Table 10: distribution according to whether students think the counselling services offered at the UNZA 

counselling centres and the other counselling points are beneficial. 

It was evident from the research that most of the students considered counselling services to be beneficial. 

86% of the respondents said that counselling services offered at UNZA counselling centre were very 

beneficial while 14% said that the counselling services were not beneficial. 
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Figure 11: distribution according to reasons why students thought the counselling services offered at UNZA 

counselling centres other counselling points were beneficial. 

4.5 Students opinion of counselling as the a solution to problem 

 

Figure 12: distribution according to students who considered as a solution 

The research reviewed that 62% of the respondents considered counselling as a solution to problems. While 

18% of the respondents said counselling was a solution to some problems but not at all times. 

4.0 DISCUSSION  

From the findings it was observed that most students had an idea of what counselling was and they had 

general knowledge of what counselling is. Student’s respondents said counselling was advice given to a 

person, a discussion between two people, advice that is given to a person who has requested for it and 

explained that counselling was helping someone to find a solution to their problem. This is in line with 

Thrne  (1965) who defines counselling as a face to face relationship in which the counsellor is a person 

completely trained in psychological science consciously attempt by attitude and verbal means to help others 

solve problems of life in which personality factors are the primary aetiology agents.   
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Students counselling also refer to the process of meeting the needs of students in several areas of 

development such as academic, carrier and personal (UNESCO, 2009). Thus, counselling is a broad and 

generic term covering a variety of therapeutic approaches.  

The study revealed that both females and males appreciate and utilise the counselling services offered at 

the UNZA counselling centres. This is in line with the UNESCO report which states that when gender 

responsiveness is built in counselling and guidance programmes, it can help to bridge the gap between 

gender parity and gender equality (UNESCO, 2009). 

The number of females is greater than that of males in clients seeking counselling services. Tembo (1980) 

justified this state by observing that female students do face a lot of challenges unlike the males’ students. 

A lot of psychological and health related problems have been seen to be more prominent amongst the female 

than the male students as cited. Females have healthy appetite not only for food but also for other physical, 

mental and emotional satisfaction and their quest to satisfy these needs, inevitably bring out serious 

problems for female students. Female student had problems of pregnancies, abortion attempts, suicide and 

nervous breakdown. 

The information from the annual reports at Kafue counselling centre showed that the number of males that 

visited the centre was greater than that of females. This can be attributed to the fact that the University 

students population is dominated by the males as the statistics indicate that in every five students, four are 

male and only one is female thus the ratio 4 to 1 respectively. However, the annual report from the 

counselling centre showed that female students benefited more than males in accommodation, psychosocial 

and health counselling as Tembo (1980) explained that females encounter much social conflict with their 

roommates or lovers; hence they would like to seek advice on how to cope with their social life.  

From the findings it was realised that most of the students had a positive attitude towards the University of 

Zambia counselling centres. Students said that they would consider going for counselling because they 

believed that during counselling they can be helped. Counselling gave them an opportunity to find out about 

their HIV and AIDS status and be able to take the right measures. This substantiates what Chishimba (2006) 

noted that counselling is an important tool in bringing about behavioural change and is a cost-effective 

intervention in preventing HIV transmission, gives seropositive people early access to medical care and 

preventive therapies among other benefits. Students further said they would go for counselling if they had 

academic problems because counselling provides comfort and is a mind opener. On the other hand, the 

research reviewed that some respondents would never go for counselling because they do not have time for 

such and said that counsellors lacked confidentiality. Some respondents claimed that counsellors were 

untrustworthy and hence feared leakage of information which may lead to one being victimized. For a 

number of years it has been discovered that some of the trained and untrained counsellors lack 

confidentiality. This has made a number of people lose their trust and confidence in the counselling process 

and profession. When a client opens up and shares their problem or challenge with the counsellor they do 

not want to hear that information from somewhere else. 

Confidentiality is the main reason for privacy. It is one of the major ethics of counselling and hence of 

crucial significance. There is therefore, need for secrecy throughout the counselling relationship.  
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The client should have confidence and trust in the counsellor for a healthy and sustainable relationship to 

be maintained. Acceptance and respect for the client are essentials for a counsellor and, as the relationship 

develops, so as to build trust between the counsellor and client, enabling the client to look at many aspects 

of their life, their relationships and themselves which they may not have considered or been able to face 

before. 

The research reviewed that some respondents said things were okay with them, hence they did not need any 

counselling. Those who had a negative attitude towards counselling were less or few compared to those 

who had a positive attitude.  

The research reviewed that many students were aware and visited the various counselling points. Those 

who would face the problem of accommodation would get their assistance from the assistant deans; if they 

wanted to withdraw from school they would still approach the assistant deans. Those who wanted to know 

their HIV status would go to UNZA clinic. This confirms what Tembo (1980) said that students may involve 

themselves into sexual relationships either for exploring or as a way of obtaining money. This may result 

in getting infected with sickness and diseases of sexually transmitted diseases like HIV and AIDS and other 

respondents said for academic problems they would consult the assistant deans and for failure to pay school 

fees they would go to Kafue UNZA counselling centre. This is in connection with Kochhar (2013) who 

notes that counselling   in all places has been a vital aspect of higher education. This is because good 

educators have always been interested in providing understanding, assistance to students in order to help 

them overcome problems of learning and adjustment so as to ensure optimum achievement and profitable 

placement. 

This information is in line with Gregory (1974) who said that students need to learn to adjust leave and 

cope with to avoid expression and friction of ideas amongst themselves. Therefore students need to be 

provided with adequate information on how to handle such challenges. Lack of such information will result 

into greater psychosocial problem which will affect both academic work and social life of students.  

The research showed us that both the male and female students were benefiting from the counselling 

services being offered at the University of Zambia.  

5.0 RECOMENDATIONS 

In light of the findings on who benefits from the counselling services at the University of Zambia 

counselling centres, the following recommendations are suggested: 

a) The counselling centre should carry out sensitisation programmes or activities in order to   sell their 

services to the student’s community. 

b) The centre should try to involve clubs or associations that are within campus like the university of 

Zambia adult education association, psychology association and social work association in the sen-

sitisation process. 

c) Government through the ministry of education must fund counselling programs and centre at higher 

learning institutions. 

d) The Ministry of Education must introduce a subject in guidance and counselling in secondary 

schools. 
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e) The counselling association of Zambia must withdraw counselling licenses from all the counsellors 

who break confidentiality. 

6.0 CONCLUSION  

Counselling is an interactive process of co-joining the counsellor and the client who is vulnerable and who 

needs assistance from a counsellor who is trained and educated to give this assistance. Students who come 

into the University need counselling. such services are beneficial and necessary in any higher learning 

institution like the University of Zambia in that students are really assisted on the challenges that they 

encounter whilest they pursue their careers. From the research done, it has been observed that the University 

of Zambia counselling points provide beneficial services for students. The research also reviewed that both 

male and female students are benefiting from counselling services at UNZA counselling centre and other 

counselling points. 
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11. Empowering Youths through Integrated Skills Outreach Programme (ISOP):  

Challenges in a Growing Economy.  

1 Unkemetsi Sebata, 2 Patrick Senderayi, 1nkemesebata@gmail.com ,                                                         

+263 773395888, 2senderayipatrick637@gmail.com, +263 775166954                                                                              
1,2 Joshua Mqabuko Nkomo Polytechnic Bag 5832,   Gwanda 

ABSTRACT 

The introduction of the Integrated Skills Outreach Programme (ISOP) has been viewed by some as a noble 

agenda to empower previously disadvantaged youths without access to formal tertiary training. The main 

objective of this study was to examine the extent to which this programme had benefitted the graduates 

(economically) in the Matebeleland South province. The population was made up of graduates from the 

ISOP and these were purposively sampled within the five districts according to the courses they were trained 

for, and the programme had been well appreciated by the participants who also acknowledged receiving 

material support from Government. The study however, revealed that the poor macro-economic 

environment currently prevailing in the country had a debilitating effect on the success of their self-

employment projects most of which face still-births. The conclusions made from this study were that, 

despite training, the graduates of ISOP had not been able to adequately run their income generating projects 

or had not been fully enterprising, hence, the study recommended an realignment of the programme in order 

to enable the youths to access adequate and sustained post-training macro-financial support that would 

transform the livelihoods of the youths into small business units in various communities. 

Keywords: ISOP, empowerment, post-training macro-financial support, skills training, youths and 

graduates. 

1. INTRODUCTION 

The youth empowerment agenda has been a priority for the Government of Zimbabwe since attaining 

independence and this has been in recognition of the vast number of youth with limited skills to become 

active in the mainstream economy. Today, the Zimbabwe Agenda for Sustainable Socio-Economic 

Transformation (Zim-Asset) blue print for October 2013-December 2018, is meant to address the country’s 

socio-economic challenges. When youths acquire technical skills in such courses as building, carpentry, 

welding to name a few, youth become capacitated to earn a better living not only for themselves, but for 

their families as well as for their communities. Countries around the world and in Africa in particular are 

striving to equip youth with vocational skills. The Tanzanian Government is striving to teach young job 

seekers the necessary vocational and entrepreneurial skills to foster job creation and innovation (Balile, 

2012) (1).  Nigeria also talks high on skills training and training fund of 1.25% of payroll is obtained for 

funding. Other countries such as South Africa obtains 1% of payroll for training funds (Johanson and 

Adams, 2014) (2).  Africa ‘s future economic growth depends less on its natural resources, which are being 

depleted and are subject to long run price decline and more on its labour skills and its ability to accelerate 

a demographic transition (World Bank, 2000: cited in Johanson and Adams, 2014)). Hence Zimbabwe is 

also thriving for international standards in providing the youth with the necessary vocational skills. 
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The introduction of the Integrated Skills Outreach Programme (ISOP) has been viewed by some as a noble 

agenda to empower previously disadvantaged youths without access to formal tertiary training and the 

research seeks to find out whether the youth were benefiting from the programme. Integrated Skills 

Outreach Programme (ISOP), is a skills training programme where the youth are trained within their 

respective home areas. The trainers reach out to the youth and youths do not need to travel long distances 

to access training. This programme has been funded by the Zimbabwe Manpower Development. ISOP 

training has provided the platform to curb rural and urban migration in search of formal employment but 

youth in some areas still face the problem of non-employment and are loitering because these youth lack 

survival skills to sustain their lives. A number of youth in Bulawayo have turned to loitering in town rather 

than sit at home claiming that they have nothing productive to do. ( Daily News: 3 July 2014)(3). In 

communities where ISOP has conducted courses, the commission of crime among youth is reduced 

(Chronicle; 4 July 2013)(4).  The ISOP was launched in Matabeleland South Province on the 4th July 2013 

by the Permanent Secretary in the Ministry of Higher and Tertiary Education, Science and Technology 

Development, Dr. Washington Mbizo.  Dr Mbizo said that after training, the youth would be provided with 

tool kits in the respective courses. These were the tools that the youth were supposed to use to economically 

empower themselves through income generating projects. After training the youth were given the tool kits. 

In Matabeleland South the following are the districts and the courses that were undertaken: Esigodini- 

Hairdressing, Gwanda- Garment Construction, Insiza- Welding, Matobo- Building and Carpentry, Bulilima 

and Mangwe-Garment Construction   Both males and females were trained and training took cognizance of 

demands of the Zimbabwe Constitution on Gender balance. The State must promote full gender balance in 

Zimbabwe society and in particular (a) The state must promote full participation of women in all spheres 

of society in Zimbabwe on the basis of equality with men (Constitution of Zimbabwe Amendment (No 20) 

2013). (5)  The trainers for these courses were drawn from different districts in the province and some were 

drawn from Joshua Mqabuko Nkomo Polytechnic. The objectives of ISOP include increased access to skills 

for the youth. The programme is meant to equip youth with short term, demand driven skills for them to 

contribute meaningfully to the turning around of the economy  (Herald; 21 July 2006)(6) hence in line with 

the Zim- Asset. The graduates of these courses went away happy with a variety of tools that they were meant 

to use to empower themselves and the research seeks to inform whether the graduates of this programme 

are able to sustain and develop themselves economically. (It is important to note that the words graduates 

and participants were used interchangeably)   

2. OBJECTIVES 

The objectives of this study are: 

(a) To establish whether the ISOP graduates still pose the tools kits that they were given to economically 

empower/develop themselves. 

(b) To determine whether the ISOP has benefitted the youth that were trained in the programme in the 

Matabeleland South Region. 

(c) To explore other avenues of re- aligning  the programme if the  graduates do not benefit from the 

programme so that the goal of Zim- Asset on poverty eradication is realized. 
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3. METHODOLOGY 

This qualitative case study, to a limited extent incorporated quantitative techniques. The population was 

drawn from youth who were trained in Integrated Skills Outreach Programme (ISOP) and forty (40) were 

sampled to participate in the study, of which twenty (20) were females while the other twenty (20) were 

males. The sample was made up of participants from the five trades that were offered, namely, Building, 

Carpentry, Garment Construction, Hairdressing and Welding. To gain insight into participants’ practical, 

real lived experiences (graduates) operating in their practical situations, open ended questionnaires were 

used which (Taylor and Wallace, 2007).(7) regard to be the most suitable instruments.   For purposes of 

triangulation, face-to-face oral interviews were used to capture the participants’ body language on their 

confidence and capability to use the tools kit that they were given by the Government to use so as to 

empower themselves together with their communities to realize the Zimbabwe Agenda for Sustainable 

Socio- Economic Transformation (Zim – Asset) goal on Social Services and Poverty Eradication. One-on-

one oral interviews were used for their effectiveness in accessing participants’ perceptions, meanings, and 

construction of reality in their own terms (Punch, 2009)(8) and for creating a conversational relation 

between researcher and participant, providing a richer, deeper understanding of the phenomenon (Hartas, 

2010).(9)  Oral interviews were conducted in the participants’ local language as most of these graduates did 

not go through secondary school learning and this was in line with the Constitution of Zimbabwe 

(Amendment 20) 2013 on Culture and mainstreaming the  16 indigenous languages in Zimbabwe.  Informal 

oral interviews were carried out with some of the facilitators of this programme. The researcher was able 

to get hold of some colleagues who trained some of the participants. It was imperative to seek permission 

to carry out a study. Heeding Creswell’s (2008).(10)  Permission was sought by obtaining ethical clearance 

from Joshua  Mqabuko Nkomo Polytechnic management to carry out the research on the graduates to find 

out whether the graduates benefitted or/ and are benefitting from  ISOP. Joshua Mqabuko Nkomo 

Polytechnic was tasked to facilitate training of the participant. The participants were assured of anonymity 

and confidentiality of the research findings. Participants were also told that there were no incentives 

attached to participation in the research.  

4. RESULTS  

4.1. Results of demographic data 

Table 1 shows the sex of the ISOP graduates: N=40 

Sex No. of females No of males Total 

 20 (50%) 20(50%) 40(100%) 

The number of participants in the study was 40 participants; 20 females and 20 males. The research 

considered gender to come up with 50-50 (percent) balance. 

Table 2 looks at the age range of the participants: N= 40 

Age U20  21-25 26-30 31-35 36-39 40+ Total 

 25(37.5%) 15(62.5%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 40 (100%) 
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Table 2 shows the ages of participants and it is evident that the youth that were trained were within the 

correct age range required by the policy of ISOP. 

Table 3 shows the courses in which the participants were trained: N= 40 

Course Carpentry Welding Garment 

construction 

Hair- 

dressing 

Building Total 

 5(12.5 %) 5 (12.5%) 15 (37.5%) 5 (12.5%) 10(25%) 40(100%) 

From the figures above, it can be noted that most of the participants who went through ISOP training opted 

for Garment construction and followed by Building. It is evident that youth were trained in vocational skills. 

4.2. DISCUSSION  

The discussion of the results that addresses the objectives and methodology of the study will be discussed 

in narration, which is characteristic of qualitative design. Objective (1) sought to find out if the trained 

youths still possessed the tool kits which they were given after training and all the participants responded 

that they still possessed the tools. This was in line with the Government requirement that the youth should 

not at any given time dispose of the tools by either donating the tools or selling the tools. The sewing 

machines that were donated to Garment Construction for Gwanda District were physically checked and 

were still there and the reports from the various coordinators in the province revealed that the equipment is 

still there. 

Objective (2) sought to find out whether the youth were benefiting from the programme, that is to say, 

whether the youth were able to make any items using the tools and the expertise   acquired through training 

so that they could sell the products to get money to earn a living. This objective was tackled under each 

course in question. 

4.2.1 Carpentry 

The participants in this course said that they were using the tools to make a living. They said that what they 

were benefiting from the expertise that they got. One participant said, “I am called  by  some villagers who 

ask me to roof their huts and I was able to make some benches for my local  school for the Early Childhood 

Development (ECD) classes and I think this is better than nothing.” The study revealed that some of the 

graduates had abandoned the activities and were employed by the local people as either herd- boys or maids 

and some are not doing anything at all. 

4.2.2 Welding 

The response from the welding graduates was rather unfortunate as the participants said that they still have 

the tool kits but they have not been able to use the tools to empower themselves because they did not have 

sufficient material to start on anything The graduates said that they did not have the welding rods neither 

did they have any metal sheets to embark on any project. The programme in this category have experienced 

a still-birth. 
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4.2.3 Garment construction 

In Garment construction, the findings were interesting in Gwanda District. The participants said that they 

were not running the project because the type of fabric they were given to start the project was a different 

fabric from that they were taught to use during training. They said they were taught to sew primary school 

uniforms using poly cotton material then after graduation they were given suiting material and sewing 

thread for suiting and they were not able to use these. The sewing machines for Garment construction were 

physically checked and are housed at Joshua Mqabuko Nkomo Polytechnic Old Site. Asked whether they 

were able to use the sewing machines, the participants said that they were able to use the sewing machines. 

This finding was cause for concern as the research found out that the materials that were allocated in July 

2013 were not in use up to now, 2014. 

4.2.4 Hair-dressing  

The participants trained in Hair –dressing revealed that they started the project. They used the hair driers 

that they were given for a certain period of time but could not sustain the projects. The graduates said that 

they were not too sure what happened that made them lose business. One of the participants said “I am not 

sure how we lost business, but what I know is that we just suddenly had no money to purchase the hair-

creams and that was that.” At the time of the research study, the participants were not working on any 

projects. What could have happened is that the participants were not able to keep the financial records of 

their income and expenditure and could not market themselves extensively. Industrial Training and Trade 

Testing in the Ministry of Higher Education, Science and Technology Development. Mr. Euphraim 

Tadzingwa said. “We are in hard times, but with such skills youth can be empowered to make a living. 

Youth also need skills in marketing so that they remain sustainable in what they do. We appeal to the 

Ministry of Higher and Tertiary Education, Science and Technology Development to introduce such 

marketing skills. (Chronicle; 4 July 2014) (12) The graduates in Hair-dressing could also be lacking not 

only in records keeping skills but also in marketing skill. The mandate for providing the youth with 

marketing skills was thrown on the shoulders of Ministry of Higher and Tertiary Education, Science and 

Technology Development, which is the brain-child of ISOP and specifically on Joshua Mqabuko Nkomo 

Polytechnic for the youth in Matabeleland South. 

4.2.5 Building 

The participants in this course, like the participants for the welding course, said the trowels and spirit levels 

were kept at their homes and they were not using them. Asked why they were not using the tools to generate 

income for themselves, participants said that the only opportunity that they get was to assist the senior 

builders with mixing mortar, they had not got the opportunity to build real structures and the graduates were 

saying that the money they were paid by the builders whom they assisted was very little and the money 

could not sustain them. 

The results of these findings reveal that, to a larger extent, the participants have not benefitted from the 

ISOP programme in Matabeleland South despite that the graduates have been the equipment to use to 

empower themselves to eradicate poverty.   
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Objective (3) sought to find out what could be done to make the programme viable for the youth so that the 

Zim – Agenda on Social Services and Poverty Eradication is realized. The informal oral interviews with the 

facilitators revealed that the training period of one month was rather too short and this could have impacted 

on the participants’ confident to execute the skills. The facilitators also said that there was need for the 

youth trained in these skills to be also trained in some marketing and record keeping skills so that they know 

how to sustain the projects. The participants revealed that they were not able to buy other materials, for 

example, participants who trained in welding said that they were not able to purchase welding rods. Those 

in Garment-construction who said that they were given the “wrong” fabric to use may not be creative 

enough to realize that suiting fabric can still be used to make a variety of garments for any age group, and 

for both males and females. It is imperative that the curricula for these trades incorporate a variety of 

entrepreneurial skills and mastery of these skills should be mandatory. 

5. CONCLUSIONS 

It is imperative to draw some conclusions from this study as the conclusions will enable the study to come 

up with recommendations that could be used to help improve the programme for the betterment of the youth. 

Some of the tool kits/equipment that were given to the participants are lying idle at their homes and to a 

larger extent, the tools/ equipment are not used by the participants. Despite that the participants (youth) 

were trained in various vocational skills, most of the participants had not been able to run income generating 

projects. Some participants may not be confident to use the equipment due to the short training period. 

The Integrated Skills Outreach Programme, in Matabeleland South is not bearing the fruits expected of the 

programme Some graduates of ISOP are not innovative, especially those in Garment- construction who are 

keeping the “wrong” fabric instead of using it to make any other clothing items. Also the participants in the 

Welding course, who say that they are not able to purchase items such as welding rods for themselves. This 

attitude is a sign of dependency syndrome. 

If no intervention measures are taken about the ISOP graduates activities post haste, the programme faces 

a still-birth.   

6. RECOMMENDATIONS 

Based on the findings of this study, the following recommendations are made: 

 There is need for the State, through the responsible Ministry, to check the condition of the tools that 

were given to the graduates post haste 

 Training in ISOP could be extended to probably three (3) months as one (1) month may not be 

adequate to instill confidence in the trainees and this could be the reason why some participants 

abandon the programme, hence adjustment in the ISOP curriculum 

 Most youth should be encouraged to fully commit themselves in the turn-around of the economy of 

Zimbabwe so as to realize the Zim-Asset goals and this could be done in Ward level with the help 

of Ward Councilors and the community at large. A research of youth policies and progammes told 

News Day that while government had polies to empower youths, it needed to craft youth sensitive 

budgets (News Day: 29 April 2014)(11). The commitment of youth to development should have a 

strong back from the State 
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 There should be continuous assessment on ISOP activities in Matabeleland South province so that 

any discrepancies are curbed as soon as possible pertaining to the ISOP activities and Joshua 

Mqabuko Nkomo Polytechnic should be mandated to revamp ISOP in the bid to eradicate poverty 

among youth and their families  
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ABSTRACT 

The Zimbabwe Agenda for Socio-Economic Transformation (Zim Asset) blueprint is premised upon a 

Results Based Management (RBM) approach, and thus its effective implementation depends, to a large 

extent, on the quality of RBM implementation. RBM is a proven governance and performance management 

tool for programme management while Zim Asset has been described as a concise document that could 

prove to be a panacea for the nation’s development challenges. The study sought to investigate the main 

factors that impact on the implementation of RBM and Zim Asset, the relevance of the concepts 

Organisational Learning (OL) and Knowledge Management (KM) and make recommendations for 

improving the implementation processes. A qualitative approach and an exploratory design with the 

document review strategy were employed. Findings from the study showed that the concepts of KM and 

OL, which are significant for effective implementation, were generally excluded in the implementation 

process leading to reduced impact of the processes. Recommendations for improvement are provided. 

Keywords: Results Based Management, Zim Asset, Knowledge Management, Organisational Learning, 

Implementation 

1. INTRODUCTION 

The Zimbabwe Agenda for Socio-Economic Transformation (Zim Asset) is the nation’s strategic document 

to guide the implementation of policy for the period 2013-2018. It is premised on the Results Based 

approach and built around four strategic clusters namely Food Security and Nutrition, Social Services and 

Poverty Eradication, Infrastructure and Utilities as well as Value Addition and Beneficiation. The four 

clusters are supported by sub-clusters that include Fiscal Reform Measures, Public Administration, 

Governance and Performance Management. The blueprint is aimed at achieving sustainable development 

and social equity through indigenization, empowerment and employment creation significantly with 

emphasis on the exploitation of the country’s human and natural resources (1).  

Results Based Management (RBM), the foundation of Zim Asset, was adopted in the Zimbabwe Public 

Service in 2005. It is a public sector management strategy aimed at improving performance management 

with a central focus on performance results (outcome and impact) (2, 3). If implemented properly, the 

concept can positively affect the quality of life through the improvement of public service delivery and 

subsequently the quality of life thus effectively achieving the primary goal of Zim Asset (4). Success stories 

of implementing RBM were recorded in several countries including Canada, the United States of America, 

South Africa, Botswana, Malaysia, Kenya, Mauritius, Rwanda, New Zealand and Singapore (Ibid). 

Literature shows that Knowledge Management (KM) and Organisational Learning (OL) are regarded as 

key components of RBM that are vital for fostering a culture of results and sound performance (5) and thus 
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achieving the goals of RBM . KM involves the acquisition, creation, refinement, storage, transfer, sharing, 

and timely utilization of knowledge to continuously improve organisational performance (6). OL, which 

can be viewed as the goal and complementary to KM, involves increase and dissemination of knowledge 

as well as incorporating feedback into decision making, project design and strategy development (7, 8). 

Both OL and KM entail the gathering, analysis and reporting on appropriate information at an appropriate 

time to improve the business processes (3). 

The successful implementation of Zim Asset depends on the effective implementation of its foundation, 

RBM. However, since the adoption of the RBM strategy, the expected benefits were not evident. An RBM 

documentation consultancy organised by the Office of the President and Cabinet (OPC) in 2011 reported 

that the impact of RBM on service delivery or policy implementation was yet to be realised although there 

were signs of impact on the public sector reforms agenda (9). Negative sentiments about Zim Asset and its 

implementation were prevalent among stakeholders apparently indicating that shortcomings relating to 

RBM were also having an impact on the implementation of Zim Asset. This study sought to explore the 

factors that impacted on the implementation of RBM in general and Zim Asset, in particular, with a special 

focus on the concepts of OL and KM  as well as recommend ways of enhancing the implementation.  

1.1. Results Based Management (RBM)  

Results Based Management has been widely adopted worldwide and proved to be a useful tool for 

improving programme implementation leading to improved public service, accountability, effectiveness and 

efficiency as well improved KM and learning practices (4, 10). The strategy is an evolution in management 

with origins stemming from the management sciences and is closely linked to prior efforts of implementing 

the Management-By-Objectives (MBO) approach which was first outlined by Peter Drucker in his book 

“The Practice of Management” (2) as well as Total Quality Management (TQM). The approach is part of 

the New Public Management (NPM) system, a label that describes a management culture that emphasizes 

strategic planning, accountability for results and centrality of the citizen or customer that emerged in the 

1980s (11).  

The approach is highly participatory and cascades from the top with organisation-wide priorities leading 

the process. It comprises three linked key components namely planning, performance measurement and 

learning as shown in the framework in figure 1 below (12). RBM entails the definition of the organisation’s 

mission and strategic objectives; identification of clear target outputs and outcomes to meet these objectives 

as well as learning and improvement in performance (13) 
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Figure 1 RBM Framework 

Source: (Adaptation Fund, 2009) 

Learning is a significant component of the whole process in the planning, implementation and performance 

measurement. In the context of Zim Asset, the national goal “towards an empowered society and a growing 

economy” is cascaded to the clusters and subsequently to all stakeholders. Ministries and Government 

Agencies, grouped into clusters along Key Result Areas, take a broader focus on development issues than 

previously and thus guard against possible compartmentalization development programmes. 

At the centre of RBM performance measurement is Results Based Monitoring and Evaluation (RBME) 

which involves regularly collecting, analyzing and reporting data on results to provide information on 

performance to stakeholders (5). RBME is thus perceived to be a powerful management tool for informing 

key stakeholders on the progress achieved, lessons learnt and identified best practices in a transparent, 

accountable and results-oriented manner for purposes of future policy development, decision-making and 

improvement (14).  
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The key components of RBM need to be supplemented by organisational policies and strategies that include 

information management and learning because the use of results information in managing is often regarded 

as the main aim of introducing the approach (5). The strategy also calls for the development and nurturing 

of a culture of results with enquiry, evidence and learning considered essential for successful 

implementation. Also, learning is regarded as one of the factors that contribute towards creating an 

environment of open exchange and sharing of knowledge (15).  

It can be stated that RBM, by definition, reflects the underlying idea of learning from experience and using 

that information from learning to manage business processes thus signifying the relevance of organisational 

learning and the management of knowledge in the effective implementation of Zim Asset.   

1.2. RBM, Knowledge Management (KM) and Organisational Learning (OL) 

Results Based Management provides a management framework and tools for strategic planning, risk 

management, performance monitoring and evaluation, with the primary purpose of improving efficiency 

and effectiveness through OL as lessons learned are integrated into decision-making processes (9, 2). 

Literature shows that overwhelming evidence has been gathered to demonstrate that knowledge is a key 

source of competitive advantage (16) thus making KM vital for improvement and sustaining the 

organisation’s competitive advantage (17). Similarly, a comprehensive RBM approach should link 

planning, results measurement, and learning. Best practices are among the most credible and compelling 

tools to promote learning and successful adoption of the strategy (13). Also, the links and synergies between 

the concepts of RBM and KM help organisations to obtain full benefit from the lessons learned (positive 

and negative) which is a key element of the RBM strategy (5). Concerted implementation of RBM with the 

support of KM in United Nations agencies proved that the strategies can be mutually reinforcing and also 

share the common ultimate goal of improved performance and organisational effectiveness as well as rely 

on sound information management systems. Similarly, both concepts have organisational culture as one of 

the most significant obstacles to overcome. Thus, parallel implementation of both strategies can benefit 

organisations while avoiding unnecessary or even duplicative costs (Ibid).  Thus literature shows the 

relevance of OL and KM in the context of Zim Asset  

Similarly, in Thailand the incorporation of a learning framework for implementing RBM proved to be useful 

as it improved the process immensely (18). Elements of the framework included learning while doing in an 

iterative manner, coaching and knowledge sharing strategies (Ibid). Similarly, a study by the United Nations 

Development Programme (UNDP) involving a review of reports on the implementation of RBM concluded 

that an organisation with a strong culture of results ordinarily engages in results-based learning seeking 

evidence on what is being achieved (19). 

The researcher contends that the literature above indicates that OL and KM can prove to be additional tools 

to facilitate the achievement of results through the development of a genuine knowledge sharing culture 

that can enhance the implementation of Zim Asset. Such culture can also help to create a more efficient, 

cost-effective and competitive learning” or “intelligent organisation in an RBM environment. That is, KM 

can be a valuable tool for reducing costs through access to improved processes as well as systematic 

methods for solving problems as decisions are based on data rather than on hypothesis.  
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Also the related data are handled using solid tools to arrive at conclusions while the organisations learns 

from internal, external, past and present   experiences as well as best practices are identified.  

An earlier study, by the researcher, of factors impacting on the implementation of RBM in the Zimbabwe 

Public Service concluded that the lack of capacity was the most significant factor which had been caused 

by several other factors. Among these other factors influencing capacity, issues of information sharing, 

knowledge dissemination and retention were most significant. The study comprised semi-structured in-

depth interviews of 32 Public Service managers and document review strategies for gathering data. Due to 

the usual limitations of a study which requires delimitation of the area of research, the concepts of OL and 

KM could not be studied in depth. This research was a follow-up for more in-depth consideration of the 

issues in the implementation of RBM in general and subsequently Zim Asset.  

RBM is a fairly new concept with limited relevant literature which mostly comprised theoretical and 

historical assessments of public sector reforms and programme evaluations. Thus, the theoretical framework 

of RBM and its suitability as a management framework needs to be explored. This study is aimed at 

contributing to that exploration. Literature shows that most systems in RBM have emerged through trial 

and error (20). Also, the body of knowledge needs to be built through research on experiences of different 

organisations and programmes such as Zim Asset thus subsequently contributing towards building body of 

knowledge on RBM. 

The study was aimed at contributing towards improving the implementation of RBM in general and Zim 

Asset in particular through the utilization of the concepts of OL and KM primarily by the Public 

Administration, Governance and Performance Management sub-cluster. The primary mandate of this sub-

cluster was to create a conducive environment and build capacity while focusing on policy formulation, 

implementation, monitoring and evaluation, among other functions. To achieve this objective, the following 

questions were addressed:  

a) How far were the concepts of KM and OL institutionalized in the implementation of Results Based 

Management and Zim Asset? b) Which strategies could be employed to improve the implementation 

process? 

2. METHODOLOGY 

This qualitative research employed the document review method for gathering data. The documents 

reviewed included transcripts from an earlier study conducted by the researcher to identify factors that 

impacted on the implementation of RBM in the Zimbabwe Public Service as well as reports, journals, 

magazines and newspapers on the implementation of Zim Asset.  The transcripts were prepared from semi 

structured interviews 32 Public Service Managers, responsible for the implementation of RBM, who were 

selected from a group of 990, perceived to be most knowledgeable on RBM, using the purposive sampling 

method. The selection was based on the managers’ willingness to participate in the study. According to key 

informants, this group had participated in the training workshops organization upon adoption of the strategy 

and thus more knowledgeable than other staff. The managers were selected who were willing to participate 

in the study.  
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Content analysis of existing documents facilitated the evaluation of relevant data from a range of samples. 

The researcher was of the opinion that data in the reports selected for review were adequate for addressing 

the research questions and also that official documents reflect an official position rather than the reality thus 

posing the risk of compromising the quality of data. The use of the newspaper and internet articles helped 

as a basis for comparison and support for such data. Other documents reviewed included the reports on the 

implementation of Zim Asset from the following: 

a) The International Business Conference (IBC) under the theme, “Technology and Innovation: A key 

Pillar for Zim Asset Successful Implementation" held alongside the Zimbabwe International Trade 

Fair in April 2014 (21). 

b) A survey conducted by the Zimbabwe Democracy Institute (ZDI) conducted on the levels of public 

awareness of Zim Asset in 13 districts in Mashonaland West Province. The research, conducted in 

July 2014 used the face to face interview closed and open-ended question interviews on a sample of 

384 adult citizens. The interviewees were randomly through stratified sampling by district (22).  

c) A three-month study programme monitoring the implementation of Zim Asset conducted by the 

Public Policy Research Institute of Zimbabwe (PPRIZ). The programme targeted ordinary citizens 

of Bulawayo (23).  

Data were analysed for content and grouped into categories and subsequently themes based on research 

concerns and the theoretical framework. The triangulation method was used for data validation. The 

findings are presented with quotations presented in italics. 

3.0 FINDINGS 

Analysis of the data revealed weaknesses in the acquisition and dissemination of knowledge and 

information necessary and for enhancing n the implementation of RBM and Zim Asset.  

3.1 Lack of knowledge 

All the managers interviewed were of the opinion that knowledge (information and skills) for implementing 

RBM was generally inadequate and this shortcoming had a negative impact on the implementation of RBM 

and subsequently Zim Asset. But frankly, I don't think there is 1) a grasp of what RBM stands for. Secondly 

I don't think there is a grasp of what it intends to do for the Service. 

Regarding Zim Asset, both the PPRIZ and ZDI study reports showed that most people were ignorant of the 

blueprint and consequently there were reservations on its implementation. Also, a senior lecturer at the 

Zimbabwe Open University remarked that the Zim Asset document needed to be simplified to ensure that 

it was understood by laymen. “The Zim Asset document is an elitist. We need to have it written in Shona 

and Ndebele so that the majority of people understand and grasp it, that way communities will fully 

participate in growing the country’s economy. It should also be fused into our educational curriculum to 

ensure that youths understand it as well” (24). 

3.2. Inadequate strategies for knowledge acquisition 

The acquisition of knowledge was inadequate as some staff were reportedly implementing RBM without 

the necessary knowledge leading to poor implementation of the strategy.  
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You are implementing RBM basing on the people that have acquired knowledge on RBM and you don’t have 

that kind of knowledge that you are using. ….. Report forms are just imposed on us to complete and we just 

comply but we don't understand why we are using them. 

In the same context, the training provided for the purpose of acquiring knowledge was inadequate as it did 

not improve the understanding of staff trained. Well, I don't think training is a matter of routine - training 

is a matter of digging comprehension. And I think there is a fundamental difference between attending a 

seminar and comprehending the contents of that seminar.   I think that's part of our big problem- we have 

a very simplistic way of assessing programmes which are intended for the Civil Servants. 

Also, training was the only mechanism employed for the acquisition of knowledge as the following 

comments from some participants show. What is needed is –a reform process is not like one of those were 

you say “we have trained we have stopped”……So there is continuous learning that is needed so that we 

sharpen the skill. What have we done apart from the training? We should have something that keeps 

engaging your mind until the mindset changes. Such a message is not coming. Actually I am saying that 

interactions, special sessions, updates and the like - they are not there both from the Public Service and 

OPC. You can't have people come to work and have not give them guidelines on what needs to be done.  

Similarly, both the PPRIZ and IBC reports showed that   there had been insufficient education about Zim 

Asset to ordinary citizens.  "In most occasions, the discussions were robust but in reality, locals had no idea 

what Zim Asset was all about. What is the government doing in taking Zim Asset to locals or rural 

communities? Similarly, educationist Dr Ndlovu pointed out the need for additional strategies to gather 

knowledge in order to enhance the implementation of the Zim Asset (25). 

3.3. Loss of knowledge and the risk of loss 

The managers explained that the lack of skills was a result of loss of knowledgeable staff through attrition 

in the Public Service, during the period in which the country faced immense economic challenges (2007-

9). But when we started experiencing challenges from 2008-9, like everything else, we had challenges. We 

didn’t keep up the momentum we had gathered - we lost the momentum. You know the Civil Service lost the 

people who had been trained generally as a country because of the brain drain. We lost some skills. So we 

are now at a stage where we are retraining 

In the same context, there was further loss due to non-usage of the knowledge, generally. 

I think it is an issue that we are not using that system daily. If everybody was using it daily, I don’t think it 

would be a problem.  But you will find sometimes you will forget about it. It only comes back after some 

months when it’s there to do the performance appraisal.  And then we went through inflation and the RBM 

was forgotten. In 2008- 2009 it was buried…. People had totally forgotten [about RBM] because of the 

challenges we had encountered.  

There were no strategies to mitigate the risk of loss. They [skills] may not be adequate in the sense that 

supposing that the people who are dealing with that [RBM] leave that department obviously the ones 

coming in won't have adequate knowledge so they have to be retrained…...now no one is talking about it 
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training] so you really wonder if we are not equipping other people who are coming in then it means those 

who were trained are the only people who know  

Retention of knowledge on RBM was difficult as the strategy was not consistently implemented. In the 

Public Service, people have heard about it as a concept and as a tool that Government wants to put in place. 

But to take it as a management tool that we use on a day to day basis. That has not happened. We have not 

embraced it as a tool because we don't use it on a day to day basis. I think it is an issue that we are not 

using that system daily, you will find sometimes you will forget about it and it only comes back after some 

months.  

3.4. Unavailability of performance information for learning  

There was a lack of feedback on performance reports such that the managers were not able to tell whether 

or not they were implementing the strategy correctly. There is no feedback from anyone. We have filled it in 

so many times but nobody has come back to us. It's a useless exercise.  

There was no review of the RBM implementation process to facilitate learning and improvement. The fact 

that even long after implementation or supposed implementation we have not had a review to know how 

well we are doing or how well the concept is. So there is a very basic problem of lack of review. We have 

failed enough. Let's have the humility to come together as a whole in the Service and review. And what has 

happened must have taught us how not to do it. Let's use that how not to do it, to find how best to do it.  

Feedback on the quality of RBM implementation from stakeholders was also not sought. We are very much 

aware that that we should find out from our clients whether we have met their needs have made a difference 

in what we have been doing. In fact, all those clients/ stakeholders are identified clearly in our RBM 

documents, but I think most Ministries are doing a desk exercise. Those clients out there I don't even know 

they are in our documents. 

Similarly, in the implementation of Zim Asset, the International Business Conference (IBC), noted that 

monitoring and evaluation was weak and needed improvement. “We should establish quarterly monitoring 

and evaluation programmes for all Zim Asset programmes." Another participant at the conference was 

quoted, Right now I am in infrastructure sector but I am not aware of critical analysis of that sector. 

Several groups of stakeholders were generally excluded or their participation was limited as the 

implementation system lacked an interactive mechanism for stakeholders to make suggestions or critique 

the economic blueprint. “There has to be a system where we can feed into, maybe a committee that will take 

notes from people with different opinions. This has to be done so we avoid compartmentalising and adopting 

a silo mentality." Also, some primary stakeholders, particularly the rural communities were excluded from 

meetings where Zim Asset was discussed. Let’s ask rural communities, they too have innovative ideas but 

people think they are uneducated. They should be involved in such meetings." 

 3.5. Absence of knowledge and information sharing mechanisms 

Knowledge and information sharing initiatives were either missing or very limited resulting in lack of access 

to knowledge for most of the Civil Servants. What we should have done - first to come up with a guideline 

with terms so that we share the same understanding then we can say, objectives what are we talking about. 
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But we didn't do that. Even now we don't have a Guideline. Those are some of the shortcomings. In most 

departments the understanding of the strategy is left to a few ‘RBM Specialists’). So my conclusion is that 

those that deal with it [RBM] probably understand. So it will be like a particular department and the rest 

of the Ministry don't know RBM   

3.6. Absence of a culture that supports learning  

According to the mangers interviewed, Zimbabweans generally had a culture that did not support effective 

grasp and use of knowledge gained. There was also failure to build on knowledge gained as programmes 

were not implemented to the end. I think we have to say that our people don't have the nature of reading- 

we don't have that nature of reading. As Zimbabweans, we mustered cramming (reciting) ideas to pass 

examination. But to apply the knowledge! To use that knowledge from Biology, for example, is difficult for 

us. There is a culture, I don't know where it comes from such that we get tired in the process. I think it has 

happened in many instances where we start one thing, then we can decide to come up with another one. 

After a few years, we would be having something new would have forgotten the earlier one.  We don't build 

on it  

4.  DISCUSSION 

4.1. Insufficient knowledge and inadequate strategies for knowledge acquisition 

According to literature, effective implementation of RBM is dependent on managers and staff having the 

necessary knowledge, skills and abilities to develop and use the system (26). Training is just one of the 

components of human capacity building (27). Also, capacity-building for effective implementation of RBM 

should employ a combination of consistent, quality initiatives (28) that include the provision of clear RBM 

policies and guidelines, toolkits and quality assurance measures (18). The finding indicates that there may 

be a mismatch between reality in the Zimbabwe and what is required according to literature. It can be stated 

that, generally, mechanisms for providing knowledge to implementers of RBM were inadequate and this 

shortcoming points to the absence of a strategy such as KM that would ensure the acquisition of the 

necessary knowledge. KM principles call for the identification of the amount, type and structure of 

knowledge and competencies that its stakeholders need based on its mission and related mandates as well 

as acquired experience (29).  

4.2. Loss of knowledge and the risk of loss 

This finding is supported by literature. A major challenge for most organisations is to avoid losing the 

knowledge gained by individual officials and staff which entails losses in institutional memory. In the 

absence of strategies to capture acquired knowledge, the Organisation suffers a significant loss (9).  It can 

be argued that the absence of such strategies contributed significantly to the reported loss of knowledge. 

KM incorporates both the capturing and storing of knowledge and it is essential for management to identify 

the knowledge that is of value and also have a high risk loss to the organisation through retirement, turnover 

or competition (30). Management need to identify knowledge that is of value and also at risk of being lost 

to the Organisation, through retirement, turnover and competition (31). According to most executives, their 

greatest asset is the knowledge held by their employees (5). It can be argued that the absence of KM 

strategies compromised the implementation processes. 
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4.3. Unavailability of performance information for learning  

The findings point to an inadequacy in the monitoring and evaluation processes of both RBM and Zim 

Asset. According to literature, the implementation of RBM remains work in progress even after successfully 

adopting the strategy because the related system needs to be constantly reviewed and improved upon (26). 

In addition, learning from past mistakes and using shared experiences may help gain acceptance and 

consensus of new initiatives which can also transform an institution into a learning organisation (Ibid).  

Literature also reveals that managers and staff learn best through trial and error as well as a hands-on-

approach (2) meaning that reviews of the implementation process can help them to learn and improve. 

Periodic reviews of the RBM implementation process can transform an institution into a learning 

organisation that uses performance information to identify its weaknesses and strengths as a basis for 

making adjustments in its processes leading to improved performance (26). Also, effective monitoring and 

evaluation fosters learning and knowledge generation for all stakeholders and also promotes accountability 

(31). That is, internalization of information and facts from monitoring and evaluation produces knowledge 

that promotes learning (Ibid). Key findings, conclusions and recommendations from evaluations, when 

broadly shared among key stakeholders, can prove useful for improving performance as well as the 

development of the new programmes (Ibid). It can be argued that weak performance of the monitoring and 

evaluation were compromising the implementation of Zim Asset. 

The analysis of data suggested a near complete absence of sharing information on performance, which 

should be derived from data submitted by implementing units. It can be argued that the finding points to 

the non-usage of performance information to generate knowledge.  According to literature, the use of valid 

and reliable performance information for decision-making as well as deliberate learning is one of the basic 

elements in the implementation of RBM that can enhance greater efficiencies and effectiveness (5, 2). RBM 

requires timely, relevant, complete and accurate information about performance at all levels of 

implementation (from inputs and activities through to outcomes) to be shared among stakeholders (32). 

Decision-making should be primarily guided by feedback acquired through establishment of effective 

communication channels with all stakeholders (11). Such feedback can also help to foster a culture of 

learning and adjustment. It can be stated that weaknesses in RBM, the foundation of Zim Asset, were 

negatively impacting on the implementation of the blueprint.   

The use of information from performance measurement influences the quality of RBM implementation as 

it helps to identify strengths and weaknesses as a basis for making such adjustments (5) thus help to improve 

performance (33). Also, enthusiasm among stakeholders to provide more information is created when they 

know it will be used (23). In addition, the use of performance information facilitates organisational learning 

as it is channeled to decision-makers through nested feedback loops from consistent performance 

monitoring, evaluation and audit (2).  The lack of feedback on reports is a major disincentive in the 

implementation of RBM (28). It can, therefore, be argued that availability and usage of performance 

information negatively influenced the quality of implementation of RBM and subsequently Zim Asset.  
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4.4.  Culture 

Fostering a culture of measurement and learning is key for the effective implementation of RBM (31). This 

finding gives an indication that the absence of an appropriate culture to support RBM led to reduce impact 

of both RBM and Zim Asset. 

4.5.  Absence of knowledge sharing mechanisms 

Supporting activities for effective dissemination of knowledge and information should include the 

development of a bank of RBM materials, instruments and tools that include training materials, guidance 

notes, budgeting guides and information on best practices for staff to use in institutionalizing the RBM 

system (18). Also, early priorities in implementing RBM include the development of a handbook for use 

throughout the organisation with both prescriptive guidelines and practical advice for implementation (5).  

Knowledge sharing and learning should be regarded as integral processes of each step in the implementation 

of RBM and should involve more than exposure to new ideas and ways of solving problems (33).  Focus 

should be on the development or deepening of skills, knowledge, understanding, values, ideas, feelings 

attitudes and behaviours. Effective learning leads to change, development and the desire to learn more 

which makes it a critical feature of capacity-building initiatives that also lead to a culture for sustainability 

(Ibid). 

 Analysis of the data shows that there were no mechanisms for ensuring that appropriate knowledge for 

implementing RBM and Zim Asset was made available timely. Also, there was no organizational learning 

that occurred during the processes.  

5. CONCLUSION 

The implementation of RBM and consequently Zim Asset was compromised by the lack of knowledge to 

effectively implement the strategy. The absence of KM and OL strategies significantly impact on the 

implementation of programmes premised on RBM such as Zim Asset. It is thus imperative that the concepts 

be institutionalised to enhance the implementation of Zim Asset. 

6. RECOMMENDATIONS  

For the effective implementation of Zim Asset, the Public Administration, Governance and Performance 

Management needs to take a lead in developing OL and KM strategies, closely linked to the overall Zim 

Asset results framework. Such strategies can include solid learning, knowledge acquisition, retention, 

sharing and usage mechanisms. Knowledge and information sharing and learning should be regarded as 

integral processes of each step in the implementation process. Also, such knowledge sharing and learning 

can be enhanced through other initiatives, apart from training, that include individual specific learning 

processes such as coaching and mentoring, leadership/ appropriate behavior modeling by leadership as well 

as subscription to learning journals (Ibid). Group learning and knowledge sharing processes that include 

knowledge networks and communities of practice for RBM across clusters and organisations, team learning 

circles, study tours, process work group and organisational reviews can also be considered.  

Also, KM and OL need be incorporated into the core function of each cluster unit, including the 

classification of learning and growth as a key result area for individuals as well as stressing the importance 

of a commitment to knowledge sharing in job descriptions and vacancy notices (36). 
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 Such incorporation calls for an effective learning and information sharing system. It may also be 

worthwhile to establish specific units that focus on KM and OL (Ibid). 

Simplifying the Zim Asset document to clearly highlight its objectives, roles and responsibilities of 

stakeholders can help to increase understanding, foster buy-in as well as facilitate effective implementation 

of the blueprint. Also, stakeholders need to be encouraged to seek knowledge and rather than wait to be 

provided.  

There is also need for safeguard against excessive loss of knowledge acquired in all units involved in the 

implementation of Zim Asset. This can be achieved through encouraging staff to record and report on 

valuable elements including innovations and best practices, recording the same in individual performance 

reports and also adequately rewarding them. Succession planning, for example, where staff members being 

reassigned receive greater notice of their impending move to increase the timely transfer of institutional 

knowledge can contribute to the retention of knowledge 

6.1. Recommendations for further research 

RBM, KM and OL are relatively new concepts that need further exploration. Thus, more research on the 

implementation of RBM and Zim Asset as well as the relevance of KM and OL with samples from more 

and different groups of stakeholders is recommended. 

6.2 Limitations of the study 

Zim Asset is a new programme and therefore literature on its implementation was limited. Also, the usual 

limitations inherent in research methods, particularly the need to de-limit the area of research as well as the 

use of the document review strategy entails the exclusion of some elements whose inclusion may have led 

to different findings. In addition, the samples used in the studies reviewed may not necessarily reflect the 

views of all the stakeholders. Again, as with all research methods, the generalisation of findings is made 

with caution. Further research recommended in this study can help to address these limitations. 
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ABSTRACT 

This paper outlines a new methodology for studying African technical and behavioural knowledge.  The 

new methodology is based on the use of taboos and proverbs as oral archives, which contain technical 

knowledge in as much as theses, journal papers, books and other literature contain scientific information. 

Methodology is critical in positioning a knowledge system in competition with others.  We have discovered 

one methodology by which African knowledge could be accessed independent of scientific approaches. Our 

method is based on the discovery that construction and usage of taboos and proverbs were not just for 

linguistic purposes but to facilitate processing, packaging, storing and retrieval of knowledge.  The paper 

outlines how taboos and proverbs can be used to extract African knowledge of a technical nature such as 

chemistry. It demonstrates the methodology and argues the philosophy behind. This is a breakthrough that 

might affect the future of African education systems. 

Keywords: proverbs, taboos, behavioral knowledge 

1. INTRODUCTION 

Proverbs are terse linguistic constructions rich in literal meaning and they illustrate much wisdom. 

However, it is important to understand that proverbs were not particularly designed for linguistic purposes 

as we argue below. By the same token, it is argued that taboos were not meant to communicate facts. The 

main function of both taboos and proverbs was to package and store valuable knowledge rather than 

conveying literally, messages of face value.(1) 

Both proverbs and taboos are founded on long empirical observation of nature, society and the spiritual 

phenomena. Nature's material construction and the spiritual behaviour are subjected to rigorous observation 

that includes but not limited to measurements and calculations. These observations are analyzed and 

synthesized, interfaced, induced and deduced, engaged and disengaged, compared and contrasted in order 

to arrive at general patterns or principles of the various aspects of nature and the spirit world. 

This preoccupation with exhaustive observation and systematic cataloguing ... lead to scientifically valid 

results ... (which) science condemns as illusory.(2) 

We argue that each proverb possesses very distinct use of language in its design that depicts a function 

beyond linguistic pursuit. In fact, linguistic style is employed to sweeten the hidden substance inside. 

Proverbs are constructed in such a sweet language that would attract constant use, otherwise they are 

forgotten and the substantial knowledge contained in them is lost.  
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The foregoing mainly refers to proverbs and not taboos which are structured differently. Taboos do not 

concentrate on language use but on psychological impact. The language employed is ordinary and no effort 

is exerted to sweeten the language in order to attract. Taboos are prohibition rules that depict punishment to 

be suffered if they are violated (3). They are constructed in legalistic terms of 'Thou shalt not ... lest ... 

happens' fashion. They operate differently from proverbs in fulfilling social demands. They are constructed 

in ordinary language without figurative expression. However, taboos are layered in their construction, 

simultaneously characterized by latent and manifest messages and meanings, empirical and metaphysical 

ideas, logical and illogical reasoning. They are deliberately constructed in this contradictory fashion causing 

them, at face value, to sound baseless if not stupid (4). Their role is to control human behaviour. Taboos fall 

under different categories including but not limited to environmental protection, sustaining social harmony 

and protecting the weak, maintaining good relations with the spirit world, etc. Some taboos actually set 

boundaries of knowledge. For example, it is taboo to pick mushroom from the forest which another animal 

e.g. tortoise is feeding on. It is also taboo to put a lid while cooking mushroom. It is taboo just to pick 

mushroom in the forest without thanking one's ancestors for leading one to see the mushroom. A violation 

of all these would cause mushroom not to sprout again in that area or one would lose favour with one's 

ancestors. (1) 

In conclusion, this methodology consists of going back step by step, interrogating and analyzing the content 

of each taboo or proverb. Instead of beginning with an abstract statement of the problem that is the approach 

of scientific investigation, this methodology considers the taboo or proverb itself as a problem for 

investigation. Instead of a wide literature review on the subject this methodology enquires about evidence 

of surrounding knowledge (or ignorance for that matter) on a topic.  

 The conceptual framework is not constructed from imagination or from a known grand theory but it is 

given in the proverb or taboo. The elements that construct the taboo or proverb and their inter linkages 

become the concepts guiding the investigation. A taboo or a proverb is therefore taken as a complete 

scientific thesis that awaits to be deciphered through unpacking it rather than through reading documents 

and carrying out laboratory experiments. 

Moreover, deciphering a taboo or proverb is not confined to a narrow intensive and rigorous enquiry of a 

single fact in isolation but it is a broad and active study that balances subjective and objective facts, 

empiricism and metaphysics. The generation, packaging and archiving of knowledge is cardinally different 

and this methodology demonstrates this, as we shall see below. 

Magical thought is not to be regarded as a beginning, a rudimentary, a sketch, and a part of a whole, which 

has not yet materialized. It forms a well-articulated system, and in this respect independent of that other 

system which constitutes science, except for the purely formal analogy which brings them together and 

makes the former a sort of metaphorical expression of the later. It is therefore better, instead of contrasting 

magic with science, to compare them as two parallel modes of acquiring knowledge. Their theoretical and 

practical results differ in value ... Both science and magic however require the same sort of mental 

operations and they differ not so much in mind as in the different types of phenomena to which they are 

applied (2). 
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2. OBJECTIVES 

The main aim of this paper is to demonstrate that analysis of proverbs or taboos can unearth vast knowledge 

of archived information. They can be used to package new findings for the future. 

3. METHODS 

About two thousand proverbs were studied with a view of categorizing them according to different 

intellectual fields. Two proverbs, whose packaged knowledge exists in the domain of metallurgical 

chemistry, were chosen as typical examples. Scientific knowledge from the two proverbs was unpackaged 

by considering the proverb as an observational law, without paying attention to its social application. 

Taboos in iron smelting were analyzed and their significance studied in detail. Two other taboos, from 

different fields were also used to illustrate their importance in data mining. 

3.1 Tools 

We explored two proverbs, using them as theses or scientific texts. In addition we examined an 

archaeological artifact; an ancient African furnace, with the help of Department of Archaeology (University 

of Zimbabwe). In addition we downloaded a modern blast furnace diagram for comparative purposes. 

 

 

Figure 1.  Ancient low shaft furnace from Nyanga, Zimbabwe (5). 
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Figure 2. Modern iron smelting furnace, (source: Google - images) 

3.2 New Methodology 

A methodology for using taboos and proverbs for retrieving, processing and archiving valuable information 

was suggested. 

The methodology for proverbs is two-pronged. African knowledge that is not well explored can be extracted 

from the current database of proverbs, by classifying them into fields of interest, before they are studied. 

Another side of the methodology is to condense current research work into proverbs, where a novel finding 

is summarized by a proverb. This makes the storage and retrieval of the information, by future generations, 

quite convenient. 

Taboos can be used as ‘hot spots’ for research, where certain unexplained phenomena can be demystified 

by modern research techniques. 

4. RESULTS AND DISCUSSION 

4.1 Chemistry of Iron Smelting: A Case Study 

The smelting of iron by pre-colonial black Zimbabweans is a typical example of difficult-to-measure, but 

highly sophisticated, 'scientific' knowledge exhibited by that society.  This study explores the scope and 

content of this knowledge by applying the methodology outline above. 

It is instructive to note that iron smelting technology dates as far back as 100 BC, in Zimbabwe (6) and in 

Africa since 1200 BC (7). 
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4.2 Discussion of Proverb 1 

Kubakisa mvuto kunoda varidzi vadzo (The blowing of bellows calls for experts). (8) 

The construction of this proverb is certainly associated with the development of iron smelting, probably 

during the Iron Age. The discovery of iron and its smelting was a major technological breakthrough which 

this proverb captures. Iron smelting became a focus of society and its production chain was well studied to 

the depth of proverb construction. 

This production process of iron called for very high theoretical education, skills training and development 

and management. It, therefore, goes without saying that iron smelting demanded experts in various fields 

of human resources management, metallurgy, chemistry, technical graphics, physics, technical designing, 

material science, just as the present industry demands. 

These experts contributed their knowledge and skills to achieve this successful industrial breakthrough. It 

needed experts to study the production line, and outline the tasks and identify required skills to perform 

them. It needed different grades of people arranged in a system to ensure technical efficiency and high 

standards of production. All this precedes the height of iron production. The proverb only comes at the very 

end by distilling all these issues – kubakisa mvuto kunoda varidzi vadzo. 

4.2.1 The bellow 

The bellow (mvuto) was iconic in this technological revolution for its critical role in the whole chemistry 

of iron smelting as is demonstrated below. The bellow was a bag of skin (commonly of goat) designed as 

an air pump to generate suck large volumes of oxygen from the atmosphere and force it through a narrow 

exit where a clay pipe is fixed to direct the air (under pressure) into the furnace. The pipe is fixed at a 

calculated inclined angle of elevation to evenly and effectively distribute the oxygen in the reaction zone. 

In iron smelting, the invention of the mvutowas a technological leap forward. The proverb emphasises this 

artifact more than the furnace itself, where the heat generated by the fire to cause chemical reaction, took 

place. It was a sophisticated discovery and was quickly singled out to give the proverb its significance. 

The bellow supplied oxygen to the furnace, which has to reach the reaction zone in sufficient quantities and 

distributed in that zone to allow enough volume and surface area of reaction. If oxygen is not well 

distributed and is in insufficient quantities the chemical process is compromised. The bellow plays this part. 

4.2.2 Operation 

It is illustrative to note that one of the concepts of constructing this proverb is an infinitive verb – kubakisa 

that in grammar is also a noun. Literally kubakisa means 'igniting'. Ignition is not associated with the bellow 

but with the object upon which the bellow is used i.e. fire. The bellow blows air, oxygen, which supports 

burning.  The appropriate word denoting the function of the bellow is blowing (kuvhutira) and not igniting 

kubakisa. 

Why would the African elders in their wisdom use these seemingly inappropriate and inconsistent terms? 

It is clear that the proverb is not about the bellow and its functioning but about the object of labour for the 

bellow - the fire in the furnace. The main part of the furnace in the chemistry of iron smelting or metallurgy 

is the reaction zone.  
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This is the area where oxygen from the bellow is directed and distributed specifically to support the burning 

fire, which is ignited in the reaction zone. The ignition of fire in the proverb refers to this. 

In constructing this proverb it is important to note that through this infinitive verb kubakisa, two main 

inventions of iron smelting - the furnace and the bellow - are connected. The rest are more of accessories 

to these main features. This makes the proverb comprehensive as it presents the principal features of the 

iron smelting production process. This means that the proverb is about the whole production line of iron 

smelting. It is not about just the isolated artifacts and operations of the bellow.  

The juxtaposition of the two concepts creates an image which is more than the sum of its parts. The reader 

of the proverb has to go beyond the two concepts, extending to cover the whole line of iron smelting 

production.  The issue of experts, the third concept of the proverb, should therefore neither be isolated to 

just ignition nor blowing the bellow. The expertise is about the whole smelting technology. As such it 

comprehensively encompasses the technological design, the management and technical knowledge of 

chemistry and or metallurgy. Experts in the proverb therefore refer to all these fields.  These would be, in 

today's accolades, Professors, Doctorates and Technicians in universities and in the metal manufacturing 

industry. In the proverb these are the varidzi - the owners - not of the artifacts or equipment but of knowledge 

and expertise, the intellect in the property. 

Lastly there are linguistic techniques, which were employed in this five-word proverb. There are different 

words common in different 'Shona' dialects meaning 'igniting'. The most common seems to be 'kubatidza' 

as in kubatidza moto. The word kubakisa employs alliteration, with repetition of the letter 'k'. Moreover this 

repetition continues in the second word with its first letter also be a 'k'. The repeated consonant 'k' creates a 

sound that dramatises the action and therefore makes the art of smelting even more peculiar. The deliberate 

choice of such words is meant to enhance the use of language. 

Construction of proverbs involved linguistic expertise to package the knowledge in as much as we have 

editors today. This was meant to ensure that the 'scientific' knowledge in the proverb was preserved through 

its attraction. People would select the proverb and use it frequently ensuring perpetuity.  This was important 

in archiving the knowledge contained by the proverb. As a linguistic file, it would not 'gather dust' in the 

archives. It maintained its original form and combined with its frequent use, the proverb achieved the quality 

of immortality - defying the test of time. Compared to the written documents, there was little chance of a 

proverb becoming ancient and almost forgotten like the manuscripts of Timbuktu. Preservation of scientific 

knowledge would not depend on technology, availability of material resources, etc., as it was socially 

embedded through language use. 

Besides the design sophistication of the bellow technology as an air pump, its operations and maintenance 

required knowledge of physics and skills for it to function, as it was not automated. The design of a bellow 

would require a number of valves (mostly one way valves) in the system to allow drawing of air and forcing 

its exit through the pipe as a cycle in its operation. The bellow however had no separate valves of this 

nature. It relied on the developed skill of the operator who substituted the valves. 

Further deconstruction of the proverb suggests that Africans acknowledged the vast education and skills 

training required in the production of iron, as a metal.  
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This could probably be equated to the educational training acquired by scientists or engineers at doctoral 

levels and research training at professorial levels and skills development to technician levels. 

Much of the respect given to the master iron worker in Bantu-speaking cultures came from his ability to 

transform a product of nature, the ore, into a product of culture through the control of fire. This was a skill 

of creation and transformation which few people possessed and was eclipsed only by the reproductive 

powers of women. The iron masters acquired the special, well-guarded knowledge after a long period of 

apprenticeship and, often, a ritual of personal transformation. When a man became a master iron smelter, 

he took on a new status that equaled, in many contexts, a chief and/or a spirit medium. Despite the respect 

afforded to him for his creative talents, he was simultaneously feared for his unusual powers that linked 

him to the spirit world. The instruments of his work-furnaces, bellows, and anvils-were often portrayed and 

believed to embody the powers of the spirits, thereby making them potentially dangerous to the uninitiated. 

There are three basic types of furnaces used by Bantu speaking craftsmen (9). 

Pre-colonial iron smelting was practiced widely in Zimbabwe, from time immemorial to the mid 20th 

Century before the colonial power succeeded to ban it totally (10). Discovery of iron smelting furnaces 

were made in other places such as Great Zimbabwe (11), Matopo (12), Nyanga (13), Gweru and Wedza 

(14) indicating the ubiquity of the technology and associated linguistic archives.  

Live demonstrations from the Njanja people of Wedza at a Bulawayo show in the 1920s, at the Range, 

where the smelting crew mesmerized the visiting Prince of Wales in 1925, in Johannesburg at the Rand 

Easter Show in 1930, at the Queen Victoria Museum – Harare in 1944, at the Rhodes Centenary Exhibition 

in Bulawayo in 1953 and at various Salisbury shows (15) is telling evidence of the robustness of this 

unwritten archive. 

The great depth of knowledge and high level of skill needed in iron production, as suggested by the proverb, 

can further be illustrated in three ways namely, the choice of raw materials, the engineering design of the 

furnace and the smelting process.  We shall discuss this below. 

 

Figure 3.  A live iron-smelting demonstration in Zimbabwe, performed in 1942. (9) 
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4.2.3 Raw Materials 

Iron ore was one of the main ingredients of the smelting process. It is still unknown, though amazing, how 

the indigenous Africans did the exploration of this mineral. There have not been any changes because iron 

ore is the source of iron in today’s metallurgical world. The ore was mined and pounded into powder using 

a large stone and introduced into the furnace as fine particles (16). Today, the iron ore is still fed into the 

blast furnace as ground material. 

Charcoal, the other raw material, was the source of carbon used to reduce the iron oxide, in the production 

of the metal. This reductant was produced by cutting tree branches that were stacked in bundles to limit the 

entry of oxygen and burnt for about two hours then the fire was extinguished using water (16). Today, coke  

produced by burning coal in the absence of oxygen - substitutes charcoal as the reductant. 

4.2.4 Technological Design of the Furnace 

The engineering design of the ancient Zimbabwean furnace has amazing similarities with the modern blast 

furnace. Chirikure and Bandama (2014) described three types of iron-smelting furnaces that were used by 

Africans: the bowl, low shaft and tall shaft furnaces, with the last two being found in Zimbabwe. Of 

particular interest is the low shaft furnace, whose oval shape and an opening at the top resembles that of the 

blast furnace (see Figure 1 and Figure 2). Just like the blast furnace, the ancient Zimbabwean furnace had 

two openings located on opposite sides of the base, in calculated recline, to supply air into the reaction zone. 

The tap hole for molten iron is at the base, for both furnaces in question. 

The startling resemblance of the blast furnace to the ancient Zimbabwean low shaft furnace is sufficient 

evidence that the pre-colonial metallurgists were experts. That this invention was copied and converted into 

today’s technology, without significant changes, might not be figment of imagination. To assume that 

indigenous Zimbabwean metallurgists copied modern day blast furnace technology is not plausible, to say 

the least. We consequently beg the question as to why this technological design is not referred to as the 

'blast furnace' as this might put the history of iron smelting in proper alignment. 

Ancient European furnaces were mostly pit-type and have their origins linked to Roman civilization (17). 

However, Schmidt and Avery (18) had argued that the technology was borrowed from Africa. Pit-type 

furnaces were prevalent in African countries such as Nigeria (7, 19), Congo and South Africa (5). 

Europe imported the blast furnace design, which is the current iron smelting technology as it was absent in 

their (Europeans) iron smelting industry until about 1200 AD (20).  Many explanations about where the 

technology came from have been offered. The dominant argument suggests that the blast furnace was 

borrowed from the Far East, China in particular. The origins of Chinese iron smelting date back to about 

600 BC, some six hundred years after it had already started in Africa (7). Besides the increase in furnace 

size, the Chinese did not appear to have added any other value to the African smelting process, whose 

resemblance to the modern blast furnace technology is amazing.  

4.2.5 The Smelting Process 

Iron smelting, as demonstrated by Chief Ranga and his crew, in the 1920s, involved lighting up the furnace 

and firing with charcoal (15). Pulverized iron ore and charcoal were fed from the top; the correct proportions 
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of the two raw materials being carefully determined (16). Air was pumped from the bottom of the furnace, 

through two pipes (tuyeres), on opposite sides of the furnace, and were tightly fitted to goatskin bags 

(bellows). The bellows were pressed down and raised alternately. During the downward movement, the bag 

was squeezed, forcing air into the furnace, through the nozzle. On the upward movement the bellow 

expanded as air was allowed to fill the skin-bag though an opening. When the smelting process was judged 

to be complete, a tap hole was opened at the base of the furnace and molten iron was allowed to flow out 

(16, 21). 

The principle behind the ancient iron smelting process is basically the same as that of modern industrial 

extraction because it consists of strongly heating a mixture of iron ore and carbon, in the presence of oxygen, 

to form iron metal (10). The reaction zone is at the centre of the furnace, as illustrated by the yellow shade 

on the blast furnace diagram (see Figure 2). Reactions inside the furnace can be expressed by the following 

reactions:  

Carbon  +  Oxygen  =  Carbon dioxide   

Carbon dioxide  +  Carbon  =  Carbon monoxide     

Iron oxide + Carbon monoxide  =  Iron + Carbon dioxide   

 

Carbon comes from charcoal, oxygen from the air blown by the bellows and iron oxide from the iron ore. 

The iron metal that forms then falls to the base of the furnace, while carbon dioxide escapes through the top 

opening. Of less importance is the formation of slag, whose composition is usually the oxides of silicon and 

other lightweight elements. Since the slag is immiscible with the molten metal, it forms a separate layer that 

floats on top of the metal. In the ancient furnace, a single tap hole was sufficient because the metal would 

come out first; as soon as the slag began to appear it would be noticed by its reduced brightness. Blast 

furnaces, in comparison are now much larger than the old furnaces; hence they require addition of limestone 

to improve the fluidity of the slag and a separate slag tap hole. Limestone does not play any role in the 

formation of iron, as can be noticed from the equations above. 

To show that it was neither accidental nor pseudo knowledge of chemistry - indescribable 'indigenous 

knowledge' - that the 'savage mind' of African smelters bumped into, the heat component was captured in 

the 'documentation'. Simbi inorohwa ichapisa meaning 'iron is smitten while it is still hot' was the relevant 

proverb constructed. For space and time we shall not repeat here the need for the reader not to take this 

statement at face value and only limit the reference to the final product, excluding the processing. Suffice 

it to say the proverb refers to many if not all conditions of fashioning iron or its ore. 

In fact, reference to the heat captures the key part in the chemistry of iron smelting. Bringing the elements 

(oxygen, carbon and iron ore) without sufficient heat would not induce the chemical reactions that would 

give molten iron. The chain reactions were triggered by heat and this is a constant condition whenever iron 

and wherever iron, from its ore stage, is fashioned. It is a general principle. To illustrate that they had full 

knowledge of the chemistry and not just the heat condition, the furnace design, the identification of 
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elements, the measurements to achieve optimum chemical reaction and calculation of time all point to 

chemistry that present day science can hardly claim to be superior when it comes to iron smelting. 

It is therefore intriguing to note the level of knowledge of chemistry of these non-literate indigenous African 

metallurgists. This knowledge is contained in the proverbs and other archives yet to be discovered. 

4.2.6 The Taboo 

Iron smelting was an art that was undertaken with a lot of reverence. Smelting furnaces were built away 

from residential compounds and the smelting crews had to camp, sleeping by the side of the furnace and 

wives becoming temporary widows during the production process. 

The physical profile of the furnace resembled the feminine human torso signified by two breast mounts on 

the chest region. The inside was hollow and the base had a large outlet analogous to the birth canal. This 

profile and the multiple taboos above resulted in powerful imagery of creation as witnessed and practiced 

by mortal beings (12, 13).  

The furnace physically and functionally symbolised a woman, with the sanctified role of creation and 

sustenance if life. Production of iron and the iron industry was a major industrial breakthrough. Giving birth 

to iron, that could be fashioned into implements of agriculture, hunting, mining, weapons of war to manage 

territories and empires (21) meant that the industry resembled functions that are exclusive to nature and the 

spirit world. Taboos referring to creation and procreation were spared for those projects and processes that 

were needed to be raised to spiritual levels. Examples of this abound in 'Shona' cosmology and practices. 

November (mwedzi wembudzi), month of the goat, a time in natural history cycle that was observed to be 

the peak of fertility of both flora and fauna, had many taboos for it. Marriage during November was 

prohibited because of the tendency to hunt wild animals or slaughter the domesticated for meat. Different 

species of animals carry fetuses in November. For this association with creation or the cycle of birth, 

November is a sacred month with many social sanctions. 

Menstruating women, or men who had recently indulged in sexual intercourse, or even those unlawfully 

married were barred from the smelting site. It was taboo. Again these taboos are common to practices that 

are sanctified, as it were. It was prohibited, for example, that women within the age range from puberty to 

menopause were prohibited to partake in rituals of spiritual communion (1). With a role mimicking God's 

creation, communion with the living dead was spared to those without this function. Pre-puberty and post 

menopause females were not prohibited. 

Members of the smelting crew were forbidden from sleeping with women even, during the smelting process. 

It was also taboo. The furnace was the “wife” of the smelters during iron production; therefore, sexual 

intercourse was regarded as adultery and tabooed. As miscarriages, still-births a and infant deaths 

particularly from measles, were attributed to infidelity of the husband, so sexual intercourse would result 

in a smelting failure, where most of the iron would be found molten slag which was truly a waste product  

(21). 

With the above-mentioned taboo, there was no need for supervising individuals for a quality control 

purposes. The quality control laboratory was not a physical structure filled with human power.  
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It was psychological. The mind was conditioned to perform with the highest concentration to produce the 

highest quality. The taboo served as a control for all members of the smelting crew, whose efforts were 

always maximal; hence the product quality was assured defeating the purpose of a quality control laboratory. 

Fear for punishment meted 

4.3 Discussion of Proverb 2 

Simbi inorohwa ichapisa (A metal is forged when still hot) (8). 

The elements of the proverb are “simbi” for metal, “kupisa” for high temperatures and “kurohwa” 

signifying the processing. Construction of this proverb required thorough knowledge about materials 

chemistry, physics and engineering. 

The proverb is testimony that forging of metals was a common occurrence. The scientific knowledge that 

is required during forging of metals is in the fields of chemistry and engineering. Copper was used to make 

ornaments such as bangles, anklets and arrowheads (11). Iron was the starting material for producing hoes, 

knives, axes, spear-heads, razor blades, hooks, needles, bullets, arm and leg bands and complex tools such 

as guns and the mbira musical instrument (21). 

Other proverbs that serve as testimony for the production of the above-mentioned tools are given below: 

 Mwana rume ihona youtare (A son is a bone of iron) 

 Chiripo-chiripo, ndarira imwe hairiri (What is there is there, one bracelet does not tinkle on its 

own) 

 Heya baravara ndiwo mugariro, kutuka mwene wechisvo ndiwo mano? (With a shoven head as the 

norm, is it wise to scold the owner of the blade?) 

 Pfuti tsaru hairiri (An old gun does not fire) 

 Badza guru kupa murimi, kuripa simbe inovata naro (Give a big hoe to the productive farmer, not 

the lazy one who sleeps on it) 

 Izwi rabuda mumuromo ipfumo rinobaya (A word from the mouth is a sharp spear) 

 Kana museve woda nyama unodauka pawuta (When an arrow craves for meat, it darts from the 

bow) 

 Kubata mwana wengwe, senga pfuti (To catch the child of a leopard, carry a gun) 

 Bofu kite uya tirwe, hunge rakatsika pfuti (For a blind person to call for a fight, they are stepping 

on a gun) 

 Mhosva ibakatwa, rinopakatirwa nokwawaenda (An offense is a big knife which is carried wherever 

one goes) 

 Kuwanda huuya, museve wakapotera pamuzukuru (Being many is a blessing, an arrow went for the 

nephew) 

 Inhamo zvayo, tsvimborume kuveza duri seine mukadzi (It is a painful sight to see a senior bachelor 

carving a mortar as though he had a wife) (8). 
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5. CONCLUSION 

Taboos and proverbs are oral archives of valuable African knowledge. They store important information in 

all intellectual fields of study. 

Although proverbs are constructed with linguistic artistry, there is more significance in the content that is 

carried by the words. The poetic nature of proverbs make them easy to preserve, without much alteration; 

hence there is no fear of loss of information with time. Analysis of proverbs leads to the retrieval of 

knowledge about the African past. Proverbs can be used to package current research output, where the 

abstract can be condensed into a suitable proverb that is constructed by the researcher. A well-built proverb 

can function as an appropriate representative of factual research output. 

Taboos are societal regulations, whose violation attracts some supernatural disciplinary action. They are not 

meant to be factually proven, though they provide effective psychological control on human behaviour. 

Since Africans plant taboos in areas of importance to their societies, such areas can guide modern 

researchers to identify high value study spots. For instance, a taboo placed on a medicinal plant 

demonstrates that the plant might have priceless benefits to the society; hence any research on that product 

is likely to make a huge impact. 

6. RECOMMENDATIONS 

We suggest a methodology of using taboos and proverbs as computers that can process, package, preserve 

and retrieve information. A database of proverbs and taboos should be collected and categorized into 

different intellectual fields of study. Their analyses should lead to retrieval of past information. Likewise, 

current research should be guided by taboos and the findings should be packaged into proverbs. 
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ABSTRACT  

Technological developments have grown rapidly over the years. Portable digital devices like smart phones, 

palm tops and iPads have won the hearts of young people across the globe and their lives have been so 

much immersed in these technologies. Adults have, in the main, been less interested in these developments. 

This technological evolution has been a source of conflict within families and across generations. This 

generational difference in the understanding and use of technology has inevitably resulted in a digital 

generation gap. The different generations cannot interact at the same level because of the knowledge and 

communication gap created by the new technologies which seemingly, is skewed in favor of the young 

generation. The social fabric is sacrificed. This paper sought to solicit perceptions on the role of interactive 

technologies in strengthening the social fabric and exploring opportunities and prospects for bridging the 

digital generation gap. This research utilized the qualitative paradigm in which a survey was carried out in 

the Gwanda Urban community .A total of fifty participants were purposively selected from youths aged 

(18-30) and professionals in education aged 50 years and above. Data was collected through questionnaires 

and focus group discussions .Findings from this research  were that the youths viewed interactive 

technology as an important communication tool that keeps the social fabric intact and  as the crucial driver 

of globalization. On the contrary, professionals aged 50 years and above viewed interactive technology as 

a threat to the moral fibre by presenting a counterproductive platform which has opened conservative 

communities to “cultural contamination” from alien vices. Both groups however emphasized on the urgent 

need to educate users on proper and respectable use of these interactive technologies to enhance the social 

fibre and to achieve socio economic transformation. 

Key words: digital generation gap, interactive technologies, youth, professional 

1. INTRODUCTION 

Technology has over the years transformed human life immeasurably. Its rapid and explosive developments 

have impacted on generations differently. Reid (2005)(1) observes that almost every aspect of the society 

has been affected by technological developments . In agreement is Sheehan (2011)(2) who says that 

technological developments are altering every facet of the world we live in, that is environmentally, 

scientifically and socially. Generational differences in the adoption, understanding and use of the 

technologies have resulted in a knowledge gap especially between the older generation (50 years and above) 

and the younger generation (30 years and below). The family unit as an agent of socialization continuously 

experiences challenges that threaten its existence.  
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Sheehan (2011) (2) further observes that we often focus on the universal externalities of technological 

communications, such as the effects of globalization or the threat to privacy, whilst we fail to recognize the 

significant implications occurring within our own house hold; namely the shifting nature of family 

communication and bonding . This research paper therefore is responding to the critical need and gap. 

The family unit, once shattered, gives birth to unsocialised , immoral and unethical citizens lacking 

humanness ‘ Ubuntu/Hunhu’.According to Agre (1998) (3) the family is not a natural unit that simply exists 

but one defined by action, doing things together . Interactive technologies have therefore simultaneously 

perpetuated and altered family roles. These digital generational differences have by and large attacked and 

weakened the social fibre. The younger generation feels it is short changed and their lack of morals is 

blamed on interactive technologies while the old generation is under pressure for failure to appreciate and 

use technologies. Their technological backwardness and ignorance is blamed on their technophobia, while 

the younger generation appreciates, acknowledges and welcomes transformation that comes with 

technology, the older generation hardly does so. Instead they view technological advancement and 

transformation as a direct attack on the social fibre which is at the heart of Ubuntu /Hunhu. Nziramasanga 

(1999)(4) explained the concept of Ubuntu/Hunhu as denoting a good human being or a good citizen, well 

behaved and morally upright person who is characterized by responsibility, honesty, justice, trustworthiness, 

hard work, integrity, co-operative spirit, solidarity, hospitality and devotion to the family as well as the 

community. 

Sheehan (2011) (2) observes that all developments bring both threats and opportunities, the challenge that 

remains is that of assessing the level of threats in relation to opportunities and taking action to reduce them 

. This paper makes an attempt to strike a balance and to narrow this digital generation gap. Vaterlaus (2012) 
(5) carried out a research study on technological generational differences between adolescents under the age 

of 17 and their parents. He made an observation that further research was essential to understand the 

consequences of the potential digital generation gap for parent- child relationships when children move into 

later adolescence. This study is, therefore, a follow-up to that observation although the parents involved in 

the study are those who are professionals in the education field aged 50years and above. Acknowledging 

the pivotal role played by technology as a driver towards the global village, the Zimbabwean government 

through its economic blue print aims at achieving its goals through increasing access and utilization of 

Information and Communication Technologies to improve service delivery and to accelerate economic 

growth. 

1.1 OBJECTIVES 

In line with the mission of the National Economic blueprint (Zim ASSET) of providing an enabling 

environment for sustainable economic empowerment and social transformation to the people of Zimbabwe, 

this study focuses on key strategy (v) on expanding the accessibility and utilization of ICTs to improve 

service delivery and accelerating economic growth. This study therefore makes the following objectives;  

 Soliciting opinions on the role of interactive technologies. 

 Exploring strategies of bridging the digital generation gap. 

 Obtaining insights into opportunities and prospects. 
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1.2 METHODS/METHODOLOGY 

This research largely employed the qualitative paradigm mainly because it occurs in a natural setting where 

data are collected in the field at the site where participants experience the problem under study .It also 

allows for the voices of the participants to be heard (Cresswell, 2007) (6).The descriptive survey design is 

one of the approaches to qualitative research which shall be explored in this study. Leedy, (1997) (7) observes 

that the descriptive survey design describes what we see, hence reveals the actual picture of a situation 

through the emerging trends from the study. 

1.2.1 Research instruments 

In this study, open-ended questionnaires were used. These were ideal in this study because they allowed 

respondents to give answers in their own words and they provided qualitative instead of quantitative 

information. According to Reja (2003) (8) open ended questionnaires are advantageous in that they include 

the possibility of discovering the responses that individuals give spontaneously and thus avoiding the bias 

that may result from suggesting responses to individuals, a bias which may occur in the case of close ended 

questions . Questionnaires were administered to both age group ranges, twenty-five youths and twenty-five 

professional .Gender balance was also taken into account during the administering of instruments to avoid 

bias towards one sex .Focus group discussions were also held. The focus group discussion strategy is based 

on the assumption that group interaction will be productive in widening the range of responses, activating 

the forgotten details of experience and releasing inhibitions that may otherwise discourage participants from 

disclosing information (Maree, 2007) (9).It enables participants to build on each other’s ideas, experiences 

and comments to produce rich data which is difficult to achieve with other research methods, (Anderson, 

1993; Maree, 2007) (10,9). 

1.2.2 Participants 

A total of fifty participants were purposively selected from youths aged (18-30) and professionals from the 

education sector aged 50 years and above. The logic and power of purposive sampling lies in selecting 

information- rich cases for in-depth study (Patton, 1990) (11).For data analysis, data that emerged during the 

study was grouped according to themes then analyzed. 

1.2.3 Ethical considerations  

Leedy and Ormrod (2010) (12) reveal the four categories of ethical issues, that is, protection from harm, 

informed consent, right to privacy and honesty with professional colleagues. In this research study 

permission and consent was sought from the participants prior to the research study. Participants were 

assured that information about their identity would be kept in strict confidentiality. Participants were also 

made aware of their right to withdraw whenever they felt uncomfortable with any part of this research 

process. 
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1.3 RESULTS  

1.3.1 Benefits of interactive technologies 

A thorough analysis of data from both questionnaires and focus group discussions show that both age groups 

concur on the indispensable role played by interactive technologies. Results show that it facilitates easy, 

faster and better transmission locally, nationally and globally and users are kept updated on issues. Time 

and labour are served through facilities such as on-line banking, shopping and payment of bills. Interactive 

technologies play a dual role, they are both educating and entertaining. The youths expressed their 

disappointment that when the older generation imposes restrictions on the use of these devices they are 

robbed of both the educational and the entertainment gains. Findings revealed that interactive technologies 

offer valuable, convenient and affordable service while people are at the comfort of their homes. Examples 

of affordable services cited by respondents included the WhatsApp application which offers a week’s 

services at a minimal cost and this is quite affordable for most users. 

One respondent had this to say; 

 Interactive technologies empower society in various ways, that is, socially, economically and educationally 

Twenty-one youths and eighteen adult respondents also alluded to the economic benefits of interactive 

technologies especially by the telecommunication industry where a variety of low cost products and services 

are available.  

1.3.2 Time spent on interactive technologies 

Responses to the questionnaire from the youth on the time spent using these technologies was shocking. 

The majority of the youths indicated that they spent five hours or more a day. Responses from the same age 

group during focus group discussions further revealed an alarming pattern. One respondent had this to say; 

I use my smart phone all the time, the only time I am not using it is when l am asleep. 

Another one said; 

I am so much attached to my phone, I am addicted to it, and life without it is empty. 

The youth actually expressed that they start chatting as from as early as 2 am. They, however, argued that, 

even some of their aged parents are also doing the same. The youth admitted that, as part of the solution to 

squabbles about their excessive use of technology, they have recruited their parents into the game, they 

alleged this has saved them from unnecessary threats by their parents. 

Nineteen respondents from the fifty- and -above age group expressed that, on average, they used these 

technological devices for about two to four hours a day while the remaining six said they use them for about 

one to two hours a day. However, focus group discussants were reluctant to estimate the time.  One of them 

said; 

 I only use them when necessary  
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This age group also complained that the youths were always on their phones and could hardly be destructed 

from them. 

1.3.3 Gap created by technologies between the two generations  

Respondents from both age groups (that is 18-30 years and 50 years and above) acknowledged the existence 

of a very wide gap created by the evolution and use of interactive technologies. The older generation 

identified the gaps as knowledge or information, the communication gap as well as the semantics gap. The 

knowledge gap was summarized by one respondent as follows; 

The younger generation now knows more than what we knew at their age or what we know at present as 

parents. 

Youth respondents during focus group discussion alleged that failure by the older generation to 

acknowledge the benefits of technology and refusal to acquaint themselves with technological 

developments has resulted in a serious knowledge and communication gaps and the attitude has naturally 

created a barrier to information. They implored the older generation to be humble and allow the reversal of 

the status quo, that of children teaching their parents. They further argued that while they pursued rapid 

technological advancement, the older generation remained fixed on history and used it as their point of 

reference.  

1.3.4 Threats of interactive technologies on the social fibre  

Both age groups alluded to the serious threat of interactive technologies to the family unit. The amount of 

time spent on these gadgets has serious repercussions on the family. The family has lost its important virtue 

of togetherness. Its role as a socialization agent has been compromised due to the commitment and attention 

rendered to these technological devices. According to Sheehan (2011) (2) studies conducted before the rise 

of the internet estimated that the average family unit sat down for dinner six days a week, whereas recent 

studies bleakly show that an average family will only sit down for dinner together once a week . Youth 

focus group respondents also admitted that interactive technologies have perpetuated multiple relationships 

leading to mistrust among the family members. Undesirable and anti-social behaviors have penetrated 

society. During the youth focus discussion, it was revealed that they sometimes manipulate certain software 

like the whatsApp so that their unknowledgeable parents ask for help, in turn the parents pay for it. In other 

words the service is not free, it is either paid for in cash or kind 

The youth respondents further revealed their alarming thieving tendency when they confessed that at times 

they prey on their parents by transferring airtime from their ignorant parent accounts to theirs and because 

their parents lack technological knowledge, this goes undetected. One fifty- year- old respondent equated 

this to ‘character assassination’. 

During the focus group discussion, respondents from the 50 and above year age group blamed these 

technological gadgets for precipitating divorces. They also expressed their concern on the invasion by 

foreign cultures which were rapidly taking center stage. The older generation also raised its concern on 

exposure of young children to obscene information such as pornography and other sexually suggestive 

appearances. 
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1.3.5 Bridging the gap between the generations. 

Both generational age groups acknowledged the need for an agent solution to address the gaps and threats 

imposed by interactive technologies. The need to avail, familiarize, orient and educate individuals on 

interactive technologies could not be over emphasized. Both age groups suggested that from their earliest 

years, children must be exposed to interactive technologies to save the future generations from the misery 

the current generation is experiencing. One youth respondent had this to say; 

The older generation should deliberately take an interest in developing a positive attitude towards 

interactive technologies because they have an obligation to lead and to teach the younger 

generation on their proper use and management. 

Another respondent from the older generation retaliated by echoing this statement; 

The younger generation should be made to understand that technology does not have everything 

they need to make them properly socialized and acceptable citizens. 

Youth respondents in a focus group discussion charged that the older generation always associates 

interactive technologies with mischief, they emphasized on the importance of developing tolerance and 

trust for each other especially at family level so that the family unit can remain intact. It also came out 

clearly from youth respondents during the focus group discussion that there was willingness to adhere to 

family time scheduled as long as parents drew and communicated these clearly to them. They gave examples 

of families which observed their meal time and prayer time schedule and at those times family members 

switched off their phones. Youth respondents expressed their disappointment at families who barred their 

children from using interactive technologies; according to them this has ripple effects as it results in wild 

anti-social behavior. One youth respondent also had this to say; 

 The older generation should appreciate, accommodate and allow the development of the new family 

trends and relations 

     Respondents from both age groups agreed on the need to teach users on how to use these technologies 

responsibly and respectably in order to avoid abusing the gadgets. 

1.3.6 Opportunities and prospects for the future generations 

Diverse views emerged from both age groups. It was interesting to note an optimistic view about the future 

generation from youth respondents. One respondent has this to say; 

I am really excited about the next generation. It is likely to be, a productive, highly intelligent, 

literate and technologically advanced generation full of exploration. 

Most youth respondents during focus group discussion concurred that the future is bright for the future 

generation, however they were quick to allude to precautions they will take to keep families intact and one 

outstanding contribution was that they will allow open communication channels so that generations 

continue to learn from each other. A striking contrary response also emerged from the youth respondents; 
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I see a future generation bankrupt of moral values, families breaking up as a result of unresolvable 

disputes. 

In agreement with the above opinion is Sheehan (2011) (2)who observes that what many define as our 

humanity is being lost or at least compromised, as families become more fractured . 

Respondents from the older generation from both the questionnaire and focus group discussions had mixed 

feelings on the prospects of a next generation. While fourteen out of twenty-five acknowledged that it is 

likely to be an enlightened and transformed generation competing favorably on the international scene, 

eleven saw a generation detached from families and communities connected by virtual technologies. One 

respondent had this to say; 

I foresee a generation that lacks Ubuntu/Hunhu whose life span will be so short due to undesirable 

technological experiments 

On the whole, both age groups agreed that prospects of a totally transformed technological generation were 

very high and that this generation is likely to survive in the global world. They, however, felt there was need 

to take serious precautions to safeguard and uphold cultural values which are the essence of Ubuntu/Hunhu, 

which Chimuka (2001) (15)describes as, “…the moral fountain of African philosophy”. 

DISCUSSION  

Respondents from both age groups alluded to the pivotal social role played by interactive technologies when 

it comes to connecting friends, relatives, communities and the global village as a whole, this way 

relationships are kept healthier. Interactive technologies are also a socialization platform as well as an 

instrument for global networking where diverse information, both private and public is shared.  In my view 

interactive technologies are furthering the ZimASSET vision “Towards an empowered society and a 

growing Economy” Educationally, both aged groups concurred that these technologies facilitate and 

enhance access to sound research thus contributing to human capital development.    

“Towards an empowered society and a growing Economy” Educationally, both aged groups concurred that 

these technologies facilitate and enhance access to sound research thus contributing to human capital 

development. Storage and sharing of information is made possible and convenient, for example, 

assignments can be researched sent, marked and returned to the students all through e-learning as is the case 

with open distance learning.  

Deducing from the results of this study, the telecommunications industry has also empowered society in 

terms of both formal employment creation and entrepreneurship. Having cited the several benefits, both 

generational groups seemed convinced that interactive technologies are an indispensable tool which is here 

to stay considering the concept of a global village.  

Responses given by both groups on the amount of time spent on interactive technologies suggest that most 

of the quality time is spent on these. The youths seem to be generally addicted because they admit that the 

only time they are not using them is when they are asleep. Waking up as early as 2 am in the morning, only 

shows the extent of the addiction. Implications are that the sleeping or resting time is greatly compromised.  
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Also tasks that are supposed to be done during the day most likely receive less attention, be it professional 

or academic tasks. The complaint by the older generation that the youths were always on their phones and 

laptops, and could hardly be destructed is clear demonstration that productive time for household chores, 

study and family time has since been replaced by these technological gadgets.   

Interactive technologies have, thus created two extreme and distinct generations, one that is technologically 

advanced, and the other that is technologically incompetent. The youth referred to this generation as the 

(BBCs) meaning born before computers. According to them, technophobia prevents the older generation 

from acquiring computer literacy thus creating a communication gap. This communication gap results 

mainly from operational or technical vocabulary which characterizes their daily communication while the 

older generation remained stuck and stagnant.  

Findings from this study point to an egocentric and individualistic set up where families are characterized 

by lack of emotional attachment, lack of physical belonging because quality family time has been lost to 

technological gadgets. Acculturation and cultural erosion is bound to manifest. This spells doom for the 

modern family and pauses a serious threat to the survival of generations to come. The fact that the younger 

generation can afford to cheat or take advantage of their not so knowledgeable aged parents is an indication 

of loss of a sound conscience and values, if interactive technologies go unchecked, they are bound to give 

birth to an uncultured generation of thugs. This threatens the pride of a people and Ubuntu/Hunhu values 

will slowly but surely diminish. Respondents seemed to caution families to guard against foreign invasion 

of their culture by cherishing and upholding the values of Ubuntu /Hunhu which are embedded in the 

African culture. The concern raised by respondents on the exposure of young children to obscene 

information is really a cause for concern because immoral values seem to be instilled right from the outset, 

thus indirectly grooming a morally decayed generation full of lust. There is, therefore, need to urgently 

counter these threats as well as to bridge the identified gaps.       

From the results of this study, sentiments from both age groups pointed to the need for urgent intervention 

strategies. Individuals need to be thoroughly educated on the benefits and shortcomings of interactive 

technologies. Intensive familiarization efforts through continuous awareness campaigns and training 

workshops on the older generation need to be intensified. Exposure and access should be encouraged 

through selling these technological gadgets at affordable costs. There is need to empower users with skills 

for the ‘hygienic’ use of the internet and digital technologies (Nominet Trust) (13). The above assertion points 

to a dynamic society which is faced with a challenge of adapting and embracing the emerging modern trends 

in technology. A reflection on the results also demonstrates an existence of a dynamic society that gives the 

older generation no option but to adapt rather than remain static and fixed in history. As a result 

transformation of families and society seems inevitable especially given the global village concept, this 

makes the ZimAsset mission statement on providing an enabling environment for sustainable economic 

empowerment and social transformation to the people of Zimbabwe even more relevant. 

Opportunities and prospects for the future generation seem bright and bloomy as long as the above discussed 

precautions are taken into serious consideration. The need to keep communication channels open was 

identified as core so that generations would learn from each other and transformation becomes 

developmental, (passed from one generation to the next).  
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Other implications for the future generation were that of an explorative, technologically advanced 

generation likely to compete favorably in the globally village. On the negative, prospects deduced from 

results were that of a jobless future generation with less appreciation for hard work because technological 

advancements come with machine- replaced labor that stifles originality, creativity and resourcefulness. 

Dunxd (2004)(14)  however explains that the opposite is also true because advances in technology also 

increase the demand for maintenance and technical support, therefore, creating more job opportunities for 

computer programmers, software technicians and so on. 

Regarding the research process of this study, its main shortcoming was that data gathering methods were 

limited and for this reason triangulation could not be effectively employed. The researcher also felt results 

could be more informative and exciting if a case study was employed instead, with observation as one of 

the data collection instruments. More often what people purport to do, does not translate to what they 

actually do. Findings were, therefore, likely to be more enriching. 

1.5 CONCLUSIONS 

The findings of the study have demonstrated that interactive technologies play an indispensable role because 

of their vast benefits to the family, society and the global world. Their role as educating/informing and 

entertaining cannot be over emphasized. It was also clear from the findings that both knowledge and 

communication gaps have resulted because of the evolution and use of technologies between generations. 

From the respondents’ point of view, strategies of bridging this gap were explored. Of significance was the 

need for early exposure for the young and continuous and rigorous education and familiarization for the 

old. At the center of all this was the change of attitude by the older generation while appreciating, tolerating 

and embracing the transformation that comes with technological advancement. Opportunities and prospects, 

according to the findings of the study, are bright and blooming save for the erosion of cultural and moral 

values which are a core ingredient in maintaining the social fibre.  

 1.6 RECOMMENDATIONS 

Basing on the findings of the study, the following recommendations are made; 

 Families and society as a whole acknowledge the benefits of interactive technologies 

 Instead of shying away from technologies, the older generation makes a deliberate effort to de-

velop a positive attitude and allow the younger generation to teach them. 

 Families and communities develop strategies of preserving cultural values even in the face of 

technological threats.  

 That both generations develop tolerance, trust and purpose to learn from each other. 

 Users be taught to be responsible through the proper and respectable use of interactive technol-

ogies so that its benefits outweigh the threats. 

 Families keep the communication channels open so that family priority schedules can be planned 

and executed in mutual trust despite the generational differences.  

 Families and communities embrace changes, transformation and accept that technology cannot 

be reversed and is here to stay for it is the sure vehicle to a global village. 
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ABSTRACT 

This paper discusses the impacts of Information and Communication Technologies (ICTs) on social and 

economic development in Mutare District. The survey design was chosen for this study. Zimbabwe as one 

of the developing countries is making use of ICTs to fuel its socio-economic transformation. Convenience 

and stratified random sampling methods were used to choose respondents from the population. Both 

qualitative and quantitative research approaches were used and the data were collected using structured 

questionnaires (both closed and open-ended questions), semi-structured interviews and documentary 

analysis. The paper concludes that ICTs have a great impact on economic and social development provided 

that it diffuses throughout the economy. However, there are still a number of barriers that need to be 

attended, including shortage of ICT infrastructure, skills, poor organizational ICT policies and high costs 

involved in acquiring ICT resources. The study recommends that the Zimbabwean Government should 

continue to create an environment which promotes ICT development and diffusion as well as integrating 

ICT into curriculums.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 

Keywords: - Information and Communication Technology, economic development, social development 

  INTRODUCTION  

Zimbabwe as one of the developing countries has the potential to revive and sustain economically by 

mordenising their production systems due to the effective use of Information Communication Technologies 

(ICTs). ICT affects many government and business processes, how people interact, work and live. It also 

contributes to national development through its impact on social and economic sectors such as agriculture, 

health and education, and by empowering individuals to take advantage of new opportunities. ICT 

accelerates economic activities, such as consumption, investment, government-service delivery and export 

competitiveness 1. ICT is becoming the harbinger and epicenter of global socioeconomic transformation, in 

addition to being a strategic resource and the foundation of every economic activity 2. Massive investments 

have been made by both the government and the private sector in the ICT sector. These investments include 

a terrestrial link and an optic fibre cable en-route to the undersea cable in the Indian Ocean and this project 

enabled reliable, high-speed internet access. 

The government of Zimbabwe first launched its national ICT Policy Framework in 2005, but the document 

was overtaken by developments in the fast-growing sector, forcing the government to revise the policy 

starting in 2012 3. The policy’s vision is to transform Zimbabwe into a knowledge-based society by 2020, 

while its mission is to accelerate the development and application of ICTs in support of economic growth 

and development. 
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The policy’s objectives are to promote the development of ICT infrastructure, provide education and 

training programmes to produce knowledge workers and qualified human resources, to establish relevant 

structures and institutional mechanisms to promote ICTs, and to encourage equitable access to ICTs across 

genders and to youth, the elderly, and people with disabilities. The guiding principles of Zimbabwe ICT 

policy were derived from the following documents:- 

 Vision 2020 

 Science and Technology Policy (2002) 

  The National Economic Recovery Programme 

 The Nziramasanga Education Commission Report (1999) 

 Industrialisation Policy (2004) 

 WSIS Declaration of Principles and Plan of Action (2003) 

 Zimbabwe Millennium Development Goals (2005) 

Developing countries have the prospect of achieving sustainable economic growth and social 

transformation by using ICT to build their economies – or risk being left behind 4. According to a finding 

in the study, the Mobile penetration in Zimbabwe has risen to around 104, 4%, translating to approximately 

13, 6 million subscribers in the country and as a result the internet penetration rate has increased to 39, 8% 

from 33, 4% as of December 2012 3. This has opened up opportunities for more people to be actively 

involved in social, economic and political development due to availability of internet.  

ICTs are basically information handling tools, a varied set of goods, applications and services that are used 

to produce, store, process, distribute and exchange information 5. They include the "old" ICTs such as radio, 

television and telephone, and the "new" ICTs, computers, satellite and wireless technology and the internet. 

The country’s development stage is measured against six indicators nowadays, which are poverty, 

education, gender, mortality, health and environment. Development requires strengthening the physical 

infrastructure and intellectual or creative resources. 

In Zimbabwe cases of how mobile phones have improved or even transformed the lives of entrepreneurs or 

micro businesses are numerous. Cases have been reported of plumbers, barbers, hairdressers, farmers using 

mobile phones to schedule appointments and reduce transportation costs. Where market information is 

available via mobile, farmers have been able to access information on prices and weather conditions and 

base their seasonal decisions on the latest available updates. At the national level in Zimbabwe, ICTs have 

proved to have the potential to bridge the digital divide and promote social and economic development. 

They can be used to ―manage the boundaries between knowledge and action in ways that simultaneously 

enhance the salience, credibility and legitimacy of the information they produce 14. However, there are some 

constraints that hinder the potential impact of ICTs in developing countries. These constraints include 

inadequate communications infrastructure, ICTs skills, bandwidth nationally and poor policy among others.  

There were past studies that confirmed the positive relationship between ICT and economic growth 6. These 

studies suggest that ICTs have the potential in alleviating poverty in poor countries. According to micro 

level study on fishermen in Kerala, it shows that the adoption of mobile phone can promote economic and 

social welfare not only for the fishermen but also for consumers 7. 
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Economic development refers to increase in economic wealth of regions or countries for the well-being of 

their inhabitants 8. It should reflect an increase in social aspects of society such as literacy, life expectancy, 

poverty rates, leisure time, environmental quality, freedom and social justice 9. Research has shown that for 

every 10% increase in broadband penetration accelerates economic growth by 1, 38% in low and middle 

income countries 3. Another study also shows that there is evidence that ICT had a positive impact on 

Kenya’s (a developing country) economic growth over the last decade 10. This paper discusses the impacts 

of Information and Communication Technologies (ICTs) on social and economic development in Mutare 

District. 

OBJECTIVES    

Measuring ICT impact can usually be performed once the measurement of ICT infrastructure; ICT access 

and ICT use have been achieved. The study aims at investigating the impact of ICT on social and economic 

development in Mutare District. The research objectives of this study are: 

1. To establish the overall ability of individuals in Zimbabwe to access and use ICTs 

2. To identify barriers to effective utilization of ICTs in Zimbabwe 

3. To find out the relationship between ICT growth and socio-economic development  

METHODOLOGY  

The survey design was chosen for this study. The researcher employed the use of the triangulation (“the use 

of two or more methods of data collection in the study of some aspect of human behaviour” 11) research 

method, in carrying out this study to contribute to the verification and validation of the data collected. The 

integration of qualitative and quantitative methods, referred to as triangulation, contributed to the findings 

of the research. In this research, triangulation was achieved through the use of primary data sources, 

involving questionnaires, semi-structured interviews and secondary data sources, in the form of publicly 

available journal articles. 

Convenience and stratified random sampling methods were used to choose respondents from the population. 

The study was limited to Mutare district, where ninety citizens were chosen. The sample was chosen for 

convenience and practical reasons since it represents the whole population.  It involved 15 stakeholders 

such as government officials, industry representatives and 75 citizens. Questionnaires were used for data 

collection and it was semi-structured with closed and open ended questions. Both closed an open ended 

questions provide chances for certain responses to be explained in order to clarify specific issues 12. Closed 

questions required the respondents to select an answer from given alternatives and open ended questions 

permitted greater freedom of expression and provide latitude in phrasing responses. Questionnaires were 

used in this study because all subjects were deemed literate. The questionnaires were personally delivered 

by hand to the respondents by the researcher.  

Questions covered in the questionnaire were laid out in three sections, the first one, targeted general 

background of citizens on ICT uses. The second section sought to identify the ability of individuals to access 

and use ICTs, ICT challenges citizens face in order to effectively implement Zimbabwe Agenda for 

Sustainable Socio-Economic Transformation (ZIMASSET) which was crafted to achieve sustainable 

development and social equity anchored on indigenistaion, empowerment and employment creation which 

will be largely propelled by the judicious exploitation of the country’s abundant human and natural 
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resources. The third part was to evaluate the relationship between ICT growth and socio-economic 

development 

FINDINGS 

The presentation of data is systematically linked to the format of self developed questionnaire and 

interviews.  

Characteristics of respondents 

Table 1:- Characteristics of respondents (n=90) 

 
The summary indicates that, 29% of the respondents had age range18 -30 years, 22% had 31 – 40, 28% had 

41 – 50 and only 21% had more than 51 years. There was somewhat balanced response from all age groups, 

with the highest percentage of 29% as summarized in Table 1.  This implies that the respondents comprised 

of all age groups who participate in socio-economic related activities. Understanding the background of the 

respondents shed some light on the factors that influence use or non-use of ICTs by the respondents. The 

study highlights that the respondents who participated were actively involved in various social and 

economic activities. Moreover, 14 states that early ICT adopters are typically younger in age, have a higher 

social status, have more financial lucidity, advanced education, and are more socially forward than late 

adopters.  

Table 1 also shows the level of education of the respondents and most of them above 33% were diploma 

holders. 3% and 8% of the respondents indicated that they attained primary and ZJC level of education 

respectively. The summary also highlighted that, 18% of the respondents were Ordinary level holders, 9% 

had ‘A’ level, and 29% had degrees. This suggests that the majority of the participants had received formal 

education, enabling them to easily comprehend the requirements of the research instruments.       
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The ability of individuals to access and use ICTS 

ICT on its own cannot bring about change, but the ability of individuals to access and use it can improve 

the functioning of markets, increase productivity, creates employment and reduce transaction costs in some 

areas. The capacity and ability to use the ICT will, in turn, determine the impact on people’s lives. 

Table 2: Ownership of ICT resources, respondents used to access Information (n=90) 

 

 

 

 

 

 

Table 2 shows ICT resources that respondents use to access information or news on what is going on around 

them. Most of them, eighty-eight (88) respondents (98%) indicated that they have access to radio, 87 (97%) 

have access to mobile phones and 76 (84%) had a television. Only 46 (51%) of the respondents, indicated 

that they were using computers to access information. This shows that most of the participants own ICT 

resources.   The respondents indicated that they used the resources or tools to connect to the global world, 

thus enabling them to send and receive up to date information.  

Moreover, one of the interviewees said that, 

“It is now easy to access everyday news updates due to the availability of mobile phones and radios 

everywhere. People in rural areas, for example, peasant farmers can now get information in a more timely, 

comprehensive and cost effective manner  and get prepared for the farming season to promote maximum 

yield.” 

The above comment indicates that people make use of mobile phones and radios to access information, 

which aid in social and economic development.  This implies that even farmers are now able to receive 

farming information due to ICTs which enable them to effectively prepare for the farming season since 

Agriculture promotes economic growth. Long ago, farmers used to prepare for the farming season using 

the prior knowledge, without accurate information on climatic conditions.  

Majority of the participants indicated that they owned radios. To support, some of the interview respondents 

noted that,  

“Radios were encouraging participatory democracy where citizens are free to discuss issues in public and 

come up with solutions.”   

The findings indicate that access to radios enabled citizens to actively participate in debates that aid in social 

development of the country. 

Variable Yes No 

n % n % 

Computer 46 51 44 49 

Mobile phone 87 97 3 3 

Television 76 84 14 16 

Radio 88 98 2 2 
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 Individuals also now have access to air out their views due to ownership of ICT resources and participate 

in national programs, which can lead to economic growth. A radio is a very people-friendly tool, since no 

previous skills are required, except to be able to read and write 17. It is a very important tool for development 

if it is used effectively. 

Moreover, 18 highlighted, there is consensus that ICTs can play a vital role in development by connecting 

people to more accurate and up to date information, equipping them with new skills and connecting them 

to the international market, thus knowledge is the major component of human capital. The research also 

indicates that, almost half of the respondents do not own computers. This implies that some citizens were 

not using computers to network with others in order to access information which will aid in social and 

economic development. This was supported by one of interviewees’, who said; 

“Computers were very expensive to buy and maintain. A mobile phone serves the same purpose as a 

computer since one can surf the internet, receive and sent messages.” 

This shows that some respondents thought that owning both a computer and a mobile phone was of no use 

since they serve the same purpose as tools for development. 

Barriers to effective utilization of ICTs in Zimbabwe 

Table 3: Barriers to effective utilization of ICTs for poverty eradication 

Table 3 indicates the respondents’ views on barriers to effective utilization of ICTs for social and economic 

development. 73 (81%) of the respondents’ agreed that there is inadequate ICT infrastructure in Zimbabwe, 

14 (16%) strongly agreed while only 3 (3%) disagreed with the statement.  

Please select responses which best 

represent the level of agreement with 

the following statements concerning 

your hotel. 
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Rate the following barriers to ICT 

growth 

n % n % n % n % 

 There is inadequate ICT infrastruc-

ture 

14  16 73  81   3  3 

 I lack enough ICT skills 7 8 76  84 2  2  5  6 

 There is poor internet connectivity  38  42 47  52   5  6 

 Lack of awareness of the  full bene-

fits of ICTs 

43  48 

 

39  43 2  2 6  7 
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This implies that there is a shortage of ICT infrastructures, such as the telecommunication network, reliable 

bandwidth, roads and electricity supply along with the necessary hardware and software, despite the growth 

of ICT in Zimbabwe. The shortage will hinder development.  

Most of the respondents 76 (86%) indicated that they lack adequate ICT skills to effectively use it for 

development.  The other 7 (8%) strongly agreed, 2 (2%) strongly disagreed whilst 5 (%) disagreed.  

Nearly 43 (48%) respondents strongly agreed that lack of awareness to the full benefits of ICTs was a barrier 

for effectively utilizing ICT resources. Moreover, 39 (43%) also agreed while only 2 (2%) strongly 

disagreed and 5 (6%) disagreed.  

On the other hand, respondents from the industry who were interviewed indicated that most organizations 

lack clear ICT policies to integrate ICTs in their day to day running of the business. 

One of the interviewees indicated that, he had not seen the need to use ICT more frequently due to high 

costs involved. This highlights that, there is a need for the government to improve on infrastructure 

development and cost to accelerate access to ICT since it’s a backbone of current and future communication 

requirements. The government of Zimbabwe also needs to continue to decentralize its services in order to 

improve its operations so that citizens easily access services easily. Enabling access to services should be 

seen both as a question of delivering them and as empowering the community to access them, in order to 

effectively secure broader benefits. 

Relationship between ICT growth and socio-economic development 

Information illustrated in Table 4 is evidence that 81 (90%) of the respondents agreed that mobile telephone 

services are satisfactory, 5 (6%) strongly agreed and only 4 (4%) disagree. This indicates that currently 

mobile telephone services are used for social and economic growth and the implication of this is that the 

digital divide could be smaller in the case of mobile phones, compared with other ICTs as indicated in Table 

2. 

Mobile phones seem to be a good example of a technology that permits leapfrogging of an older 

infrastructure 24. Zimbabwe has three mobile operators, Econet, Telecel and state owned NetOne. According 

to POTRAZ figures, Econet, is the largest mobile operator by network coverage and number of subscribers, 

has 5,686,000 subscribers, up from 5.4 million in September 2011. However, service providers such as 

Econet and Netone highlighted that despite the increase in the numbers of mobile owners, the growth has 

also witnessed a slack in service delivery characterised by drop calls, late delivery of text messages, lengthy 

periods to inquire and top up accounts and general unavailability of network coverage 25. Power cuts 

problems forced them to invest in generators, and outside their core business.  
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Table 4: Current ICT status in Zimbabwe (n =90) 

It was found out that 58 (64%) of the participants agreed that Internet service is readily available, 2 (2%) 

strongly agreed, whereas 8 (9%) strongly disagreed and 22 (24%) disagreed. This implies that the majority 

of the respondents readily uses the internet to promote social and economic development. Since most of the 

participants own ICT resources such as mobile phones it was easy to participate in development related 

programs. The three mobile operators named above also provide broadband services. The Internet is 

evolving as a factor affecting business and socioeconomic development 26.  
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Another point worth mentioning is that 64 (71%) highlighted that Zimbabwe’s ICT policy promotes social 

and economic growth.  18 (20%) strongly agreed and only 8 (9%) disagreed the point that government’s 

ICT policy promotes development. It highlights that some participants align their ICT policies with that of 

the government to promote development. This is the reason why the government continues to revisit its ICT 

policy so that it effectively integrates with other organisational needs to support the diffusion of ICT for 

development. Moreover, policies specific to ICT diffusion and use will not, on their own, lead to stronger 

performance; they should be part of a comprehensive set of actions to create the right conditions for growth 

and innovation.   

An interview with an IT officer from the Ministry of ICT indicated that the government was committed to 

work tirelessly to fulfill its vision, which is to transform Zimbabwe into a knowledge-based society by the 

year 2020.  The National ICT policy that was adopted also makes significant references to the promotion 

of ICTs in education, including their pedagogical use in educational institutions 27. President R.G Mugabe 

also launched a campaign to provide most schools and tertiary institutions with computer related equipment 

and thus enable them to utilise ICTs in the teaching and learning process.  

On ICT promotes social mobility, 56 (62%) noted that they agreed with the statement and the rest 34 (38%) 

strongly agreed. This implies that ICT also helps to maintain connections with business partners, news and 

other important information, distance are no longer a barrier.  Social mobility which refers to the upward 

movement in status of individuals or groups based on wealth, occupation, education, or some other social 

variable in a society where one status is not dictated or decreed by birth of origin 28.   

Nearly 48 (53%) of the respondents, strongly agreed that ICT resources, aid in day to day running of the 

business and 42 (47%) also noted that they agreed. The findings indicated that 65 (72%) of the respondents 

agreed that Marketing of products is becoming easier due to the availability of ICT tools while 20 (22%) 

strongly agreed and only 5 (6%) disagreed with the statement. 54 (60%) agreed that ICT promotes job 

creation and 36 (40%) strongly agreed. On the issue with the idea that ICT aides in bill payments, thereby 

reducing time and transport related cost, about 62 (69%) of the respondents noted that they agreed with the 

statement, 16 (18%) strongly agreed and only 12 (13%) disagreed. 

DISCUSSION 

The study finds out that most citizens own ICT resources such as mobile phones and this had changed the 

way people think about communication, co-ordination and safety. Mobile phone technology has changed 

the way people behave in public spheres 15.  To support, 16 explained that mobile phones are not only 

bridging the digital divide in African countries, but are also performing development functions beyond the 

expectations of the mobile phone users. The findings also support that of 3 who noted that there is greater 

mobile penetrations in Zimbabwe Increase in Mobile phone use saves travelling time and improves social 

interaction, thus increasing productive time for development. The findings also indicated that ICT has 

benefited the poor by removing social, economic and geographic isolation by increasing access to 

information and education and by enabling poor people to participate in decision-making.  

The results of the study indicated that all respondents felt that there were barriers faced in utilizing ICTs for 

social and economic development. 
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 To support, other researchers noted that whilst availability of cellular/mobile technologies is increasing, 

lower bandwidth capacity they offer, and physical attributes of end-user terminals, limit the types of services 

and applications that can be delivered through them 19. Faster network is the need of the hour to promote 

social and economic development. It was also noted that there is need to train ICT users on how to use them 

effectively to promote social and economic development.  Moreover, despite the country’s ICT backbone 

in place if citizens lack adequate skills, there will be no development. ICT is currently being used for very 

basic purposes only which are non-commercial, such as social networking and entertainment tactical skills 

which aid in development. Simply owning ICT assets does not generate business value, in terms of gaining 

competitive advantage, improving business processes, or reducing costs 20. There is need to effectively 

make use of ICTs to promote economic growth, so government needs to come up with strategies to train its 

citizens on how to use the technology inorder to address its ICT Policy objective , thus providing education 

and training programmes to produce knowledge workers and qualified human resources. 

The findings indicate that a majority of the respondents were not aware of the benefits of effectively utilizing 

ICT resources for development. If individuals lack enough information about the full benefits of ICT, it 

hinders development and usage levels will be low. Awareness is centered on the understanding, recognition 

and appreciation of the benefits woven around ICTs in business. To support, 21 find out that, the usage levels 

of ICTs have remained relatively low, particularly in the banking sector and also in agribusiness 22, which 

is the backbone of the country’s economy. No online payments are being utilised 22. This indicates that there 

is still weak utilization and use of ICT technologies in Zimbabwe. When an individual is aware of the 

guiding principles, he then cultivates the right attitude which will result in improved productivity. 

Furthermore, simply owning ICT assets does not generate business value, in terms of gaining competitive 

advantage, improving business processes, or reducing costs so organizations need to align their 

organizational goals with ICTs in order to promote economic growth. 

Results also show that, services are still offered in the traditional way which costs people or customers’ 

time, money and creates opportunities for corruption.  There is a considerable loss of opportunities for the 

full benefits of utilisation of ICT infrastructure due to weak utilisation, the absence of collaboration, 

networking, better services, efficiency and effectiveness 23. An effective ICT governance programme would 

help Zimbabwean organisations to understand the issues and risks surrounding the strategic importance of 

ICT, to ensure that ICT would sustain operations, and to help enable companies to use ICT for their 

competitive advantage 20. They added that, the value ICT would depend on how companies exploit ICT to 

enhance their management processes and operations. The Government of Zimbabwe as the largest consumer 

in the country needs to fully adopt ICT in its day to day operations to effectively implement its economic 

blueprint.  

Findings also indicated that, mobile phones are the most commonly used ICT devices for internet access 

due to the relatively lower broadband charges as compared to the other listed devices such as computers. 

Moreover, Mobile penetration in turn improved the use of internet on mobile and landlines since 

telecommunications companies such as NetOne, Telecel, Econet Wireless, Africom and TelOne now offer 

internet services 27.  
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 However, its use is constrained by cost, language, literacy rates, infrastructure inadequacy and shortages 

in skills. Former ICT Minister Nelson Chamisa acknowledged that though there has been a commendable 

penetration level in the ICT sector, the prohibitive costs are a major threat to the vision of creating an e-

Government 27.  Internet helps tremendously in reducing mobility and making the world a global village. 

To support this, research has shown that for every 10% increase in broadband penetration accelerates 

economic growth by 1, 38% in low and middle income countries 3.  

The research noted that, the Government of Zimbabwe in its ICT strategic plan also recognised ICT as a 

catalyst for national socio-economic growth, thus providing for health, education, government and content 

services. To add more, the government is also working towards computerizing its services to improve on 

service delivery thereby promoting economic development. Strategically, ICT can help create innovative 

revenue- sharing models between telecom operators and content providers where the future growth of the 

ICT sector will be in content management and delivery once infrastructure saturation is reached 25.   10 

highlighted that,  

“The ICT sector provided a more than six-times-greater contribution to Kenyan GDP in 2009 

compared to 1999.  Directly, the ICT sector contributed to 14% of the country’s GDP growth 

between 2000 and 2009 prices, it grew from KSh13.7bn in 2000 to KSh71.8bn in 2009; GDP overall 

grew from KSh976bn to KSh1.382tn).” 

This indicates that ICTs growth can have a great impact on social and economic development of a country 

provided it is well aligned with the day to day running of the activities.  Currently, in Zimbabwe there is 

greater evidence that the advent ICT empowers and creates employment for citizens. 

CONCLUSION 

ICTs have a great impact on economic and social development provided that it diffuses throughout the 

economy. The study concludes that most individuals have access to ICTs resources such as mobile phones; 

radios and it facilitates innovation, connecting people and communities, and improving standards of living 

for citizens. However, there is still need for the government to expand ICT access points in the country in 

order to promote ICT uses. It is also found that there are still a number of barriers that need to be attended, 

including shortage of ICT infrastructure, skills, poor organizational ICT policies and high costs involved in 

acquiring ICT resources. Government needs to address the listed barriers since ICT has the potential to 

transform the Zimbabwean economy to a higher level. ICT sector development should go in tandem with 

the development in other sectors such as the health, education, agriculture, mining, transport and energy. 

These sectors must grow together with the ICT sector for the ICTs to have an impact. ICTs can expand and 

widen access to information; improve the quality of information and reduce access cost with the help of 

internet.  

The study recommends that the Zimbabwean Government should continue to create an environment which 

promotes ICT development and diffusion as well as coordinating all ICT activities. Policy maker should 

target and integrate ICT into a curriculum with an account of economic, cultural, political, social, 

educational and catalytic rationales, which in turn, would help the social and economic development. 
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ABSTRACT 

This study examines lecturers and student teachers’ practical experience in using (ICTs) as catalysts in 

promoting and sustaining education at Joshua Mqabuko Nkomo Polytechnic. The study adopted a 

qualitative methodology, where an in-depth case study design and descriptive research design were used 

for data generation. The population consisted of 10 lecturers inclusive of Lecturers in Charge (LICs) Heads 

of Departments (HODs) and 21 student teachers on campus in their third year. The researchers used two 

types of questionnaires, one with close ended items seeking factual information and open ended questions 

that allowed the informants to give descriptive accounts of their practical experiences in using ICTs in 

education. In-depth interviews were also conducted on     lecturers and student teachers’ practical 

experiences basing on accessibility of (ICTs) and hands on competencies.  The findings of the study were ; 

student teachers and lectures were making use of the ICTs as per National Information and Technology 

policy, ICTs have  improved their study and research skills, accessibility of ICTs have reduced the pressure 

of scrambling for books in the library,  ICTs have improved communication and transfer of information 

using either face book, whatsapp, internet, E-learning and M-learning, there were problems of internet 

connectivity and lack of adequate ICT equipment in each subject area. The recommendations were that; the 

College should have good internet connectivity which will be accessible to both student teachers and 

lecturers at their convenient time,  the college must engage reputable internet service providers to ensure 

that the internet is also connected for lecturers  to use, the College must encourage lecturers to engage in 

some short ICTs courses such as ICDL for lecturers to learn how to use ICTs in lecturer room and that each 

subject area must have at least four computers connected to the internet and one LCD for lecturers to have 

hands on, on the use of computers   

Keywords: Information and Communication Technologies, National Information and                                

Communication Policy, catalysts, practical experiences. 

INTRODUCTION / BACKGROUND TO THE STUDY 

Zimbabwe has moved greater strides in promoting and sustain education through the use of various ICTs 

from Early Child Development   (ECD) to University level. This was noted after the recommendations of 

the Nziramasanga Commission of 1999 which recommended the use of Information and technology (IT) in 

schools to meet the standards of the global village. This was spearheaded by the President of Zimbabwe 

H.E R.G Mugabe when he sourced and donated computers to Secondary and primary schools in Zimbabwe 

[2].The introduction of the National Information and Communication Technology (ICT) Policy in 

Zimbabwe in 2005 opened avenues for a speed access and transfer of information in the field of education 

from ECD ‘A’ to Colleges and Universities [15].  
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The move was to meet and align Zimbabwean Education with the demands of the global village [2].The 

move was further strengthened by [19] to achieve sustainable development and social equity anchored on 

indigenization, empowerment and employment creation. The focus was on encouraging lecturers and 

student teachers to be actively involved in Information and Communication Technologies (ICTs) rather than 

being receivers of information [1 and 2].  Thus the blending of  [15 and 19] promote indigenization, 

empowerment  and employment  of competent human resources, who can make  use of  (ICTs) such as 

email, the world wide web (www) and interactive and  live video  and video conferencing to access and 

transfer  information  [2, 4 and 5]. 

 In the teacher education training, ICTs are current and dominantly used models [14]. Each and every 

lecturer is compelled to use a variety of ICTs on lecture presentations as a form of media in accessing and 

transferring information [15]. As a way of speeding up Information and Technologies (ITs) literacy in the 

Teacher Training Programme, the Department of Teacher Education (DTE) introduced the IT policy in 

Teachers Training Colleges [14]. The policy stipulates that all student teachers from teachers’ Colleges must 

be ITs and computer literate by the time they leave college.   The student teachers who are enrolled in the 

Early Child Development (ECD) Diploma Group and the General Diploma group are taught ICT in their IT 

Professional Studies syllabus D (PSD) [14]. They are also taught how to use online   Information and 

Communication Technologies using the email, World Wide Web (www) interactive and live video 

conferencing [2 and 14] The knowledge and skills acquired by student teachers is to make information 

accessible to them at their convenient place of study and time without travelling long distances to college 

library where they scramble for one book which will be on the shelf. This reduces the burden of carrying 

textbooks which are voluminous and heavy to carry [1 and 2]. 

As student teachers pursue their training in the 2-5-2 model, they are exposed to electronic- learning , (E- 

learning)Mobile-learning(Mobile –learning).The move is a great shift towards encouraging learners to 

become actively involved in learning as opposed to being receivers of information [5, 15 and 19]. ICTs as 

catalysts are used to create, disseminate, store, manage, communicate, transfer information making it 

accessible to students at their convenient place and time [2, 4 and 10].     

On  E- learning, student teachers  experience a wide range of learning strategies and technologies, whereas 

in M – Learning  they  learn how to  use  their mobile phones [14 and 15]. The research studies conducted 

by the University of Pretoria Strategic Plan 2002-2005 singled out e-learning as a tool that can be used to 

enhance quality in tertiary education. 

 Studies conducted  by [2 and 5]  on the use of M- Learning  at Curt University of Technology  in Western 

Australia established that  technologies in university  curricular can go some way towards enhancing high 

quality  face to face learning experience.  According to these authors,  the beauty of these ICTs is that  both 

lecturers and  student teachers can choose  more appropriate applications which are flexible  in time , in 

place , personalized , reusable adapted to specific  domains  and more cost  efficient.           

The use of ICTs in the education system is intended to yield and train teachers who can communicate and 

transfer information at any time, anywhere within a short space of time (Quick Wins).  
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The use of ICTs in the Zimbabwean Education system remains an important issue in promoting and 

sustaining education to lecturers, student teachers and pupils. It is through this study, that the researcher 

would like to investigate the practical experiences of student teachers and lecturers in using ICTs as catalysts 

in promoting and sustaining education sector. 

The purpose of the study 

The purpose of the study is: 

1. To examine how student teachers and lecturers at Joshua Mqabuko Nkomo Polytechnic use ICTs in 

promoting and sustaining education following the National IT policy that was introduced in 2005 to 

be implemented from ECD to University.  

2. To explore whether a variety of ICTs can promote and sustain education in Teachers Training Col-

lege, especially at Joshua Mqabuko Polytechnic. 

3. To investigate student teachers and lecturers’ competences in using ICTs in their coursework as-

signments, research projects and lectures. 

4. .To reflect the students teachers and lecturers’ practical experiences    in using ICTs in  course work 

assignments, lesson presentation, lectures and  research projects. 

5. To explain the benefits of ICTs in promoting and sustaining education following the ZIM ASSET 

Programme this was introduced in 2013. 

Objectives of the study 

1. To reflect student teachers and lecturers’ practical experiences in using ICTs in promoting and 

sustaining education. 

2.  To highlight the challenges faced by student teachers and lecturers in using a variety of ICTs and 

to come up with strategies to overcome them.    

3. To improve student teachers and lecturers competences in promoting and sustaining education in 

Zimbabwe. 

4. To encourage lecturers in Information and Technology Department to review the IT Professional 

Studies syllabus D (PSD) so as  to improve student teachers ICT Skills. 

5. To encourage the College to procure a variety of ICTs and to conduct staff development pro-

grammes that will expose both student teachers and lecturers to ICTs usage. 

  Research questions     

The following research questions were used to unlock and understand the nature of the practical ICTs usage 

experiences:    

1. What ICTs platforms do lecturers and student teachers have access to  

 (a) At college?  

 (b)  On Teaching Practice?  

2. Does the availability of a variety of usage of a variety of ICTs sustain and promote education      to 

both student teachers and lecturers in Zimbabwe?  
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3. What are some of the challenges that are encountered by student teachers and lecturers when   

using ICTs during training? 

4. What are the practical experiences of lecturers and student teachers on ICTs usage in education?  

METHODS / METHODOLOGY  

This study explored the influence that ICTs have on lecturers and student teachers in promoting and 

sustaining education using the qualitative method. The case study research method is an empirical inquiry 

that investigates a contemporary phenomenon within its real life context when the boundaries between 

phenomenon and context are not very clear, and in which multiple sources of evidence are used [18]. The 

researchers used the in-depth case study design and the descriptive design. According to Babbie in [3] the 

in-depth case study design studies in detail the problem or issue at an institution. The descriptive research 

design was used to investigate public opinion on ICTs usage in Teachers Training College.  An in-depth 

case study design was used to gain an in-depth understanding replete with meaning rather than subject, 

focusing on process rather than outcome, on discovery rather than confirmation [7]. The descriptive research 

design is concerned with the current status of something and describes behaviour or other characteristics of 

a group of subjects and asks what is and reports the things the way they are [15]. Data was collected through 

this method so that the practical experiences of lecturers and student teachers on ICTs usage could be 

presented [13]. Pragmatism was adopted as the underlying philosophy with the assumption that the 

researchers would use an approach that worked the best in a real world situation [10].  

Research setting  

The lecturers and students investigated were from Joshua Mqabuko Polytechnic in Gwanda District. Three 

lecturers were randomly selected from Theory of Education, Languages, Professional Studies Syllabus A, 

B, C and D Fifty students on campus in their final year and one hundred students on Teaching Practice in 

schools, in the following districts Zvishavane, Mberengwa Bulawayo, Mwenezi, Beitbridge   Bulilima and 

Mangwe were randomly sampled.  

Data collection 

Questionnaires 

Three types of questionnaires were developed; one for lecturers, the other for students on campus and the 

other one for students on Teaching Practice in the seven districts. The assumption was that they would be 

subjective in the practical ICTs usage as part of their training. All the questionnaires consisted of two types 

of questions namely:  close ended items seeking factually information and open ended question to elicit 

information from individuals. The open ended questionnaires used would allow the informants to give 

descriptive accounts of their experiences and was hoped that the informants would provide relevant and 

objective data where explanations were required. 

Questionnaires were distributed to 150 respondents, comprising of 105 students and 45 lecturers. The 55 

students were on Teaching Practice in the seven districts and 50 were in their first term  of  the last residential 

term.  
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Both questionnaires focused on the practical experience on ICTs usage in promoting and sustaining 

education in teachers’ education. A total of 100 questionnaires were returned by student teachers, which 

gave a good response rate of 95 %. Of these respondents 27% were males and 68 % were females. All the 

lecturers retuned the questionnaires which gave a 100% response rate. 

Interviews  

 In order to investigate the practical experiences on ICTs usage in detail, in-depth interviews were carried 

with twenty one student teachers on campus who were in the seven districts on Teaching Practice. The 

twenty one student teachers on campus were conveniently selected from the seven districts. According to 

[11] “…purposively selected informants best answer the research questions” and therefore help to improve 

the validity of research findings. However the results may not necessarily suggest that the findings of this 

study would be reliable as attempts to generalize the results in small scale studies are often discouraged for 

various reasons. Interviews were conducted through the face-to- face approach, recorded and transcribed 

by the researchers. Ten lecturers were also interviewed to establish their practical experiences of ICTs usage. 

RESULTS 

Response on forms of ICTs the 21students had access to when they were at College and on Teaching 

Practice. 

Forms of ICTs Number (N=21)           Percentage 

Face book               16                    76 

Internet                 9                    45 

E-Learning                16                    76 

Twitter                  3                    15 

M-Learning                18                    86 

16 (76 %) of the student teachers indicated that they had access to face book, 9 (45%) had access to internet, 

16 (76%) had access to E- Learning, while 3 (15%) had access to twitter and18 (86%)  had access to M- 

Learning.  The results indicate that the students have access to one form of ICTs for use in their courses. 

b. Responses on forms of ICTs lecturers had access to when at College. 

Forms of ICTs    Number ( N=10)        Percentage 

Face book                     9               90 

Internet                   10             100 

E-Learning                     8               80 

Twitter                     1               10 

M-Learning                   10             100 

It was quite interesting to note that the lecturers had access to at least two forms of ICTs namely face books, 

internet, e- learning and M- learning. Only 10 % had access to the twitter.       
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10 (100 %) indicated that they had mobile phones. 5 (50 %) out of the 100% indicated that they had personal 

laptops. 3 (30 %) had I-pads and 2(20%) indicated that the used departmental computers in their offices.  

The response from lecturers indicates that the lecturers are moving with the latest modes of accessing and 

transferring information from one source to the other. They are implementing the National IT Policy of 

2005 and the ZIM ASSET 2013    

The above responds may mean that lecturers and student teachers are making use ICTs within their reach 

to access, receive and transfer educational information at their convenient time and place. 

(a) Responses on how ICTs assist student teachers in their training. 

Category of assistance of 

ICTs to  student teachers’ 

training 

Number responded to each 

form of assistance (N=21) 

     Percentage 

Coursework assignments and 

research projects 

                 21             100 

Increase time to learning                  13                62 

Speed communication through 

e-mail ,whatsapp messages  

                 21              100 

Computation of complex 

mathematics and statistics 

                   3                14 

Exploring games, puzzles, 

quizzes and chartrooms. 

                  17                81 

On this question student raised different ideas on how ICTs assist them. 

On whether ICTs assist student teachers in their coursework assignments,21(100 %) of the student teachers  

indicated that ICTs,  enhanced  the speed of availability of data and information for their course work 

assignments and research within a short space of time .Most of the students teachers said they can research 

for their coursework assignments at their own time and  place. They no longer scramble for books in the 

library which are sometimes scarce. The students praised the assistance of ICTs saying they are making 

learning easier  as information is always with them in there m-phones  i-pads and laptops.   

13 (62 %) of the student teachers indicated that ICTs increases their time to learning as they become actively 

involved using the hands on approach.  

21(100 %) indicated that they ICTs have provided them with opportunities to communicate with one another 

through e-mail, whatsapp messages,  

3(14 %) indicated that they can post their research projects to their supervisors 

3(14%) indicated that they use ICTs to do complex mathematical and statistical which are important in 

research. 17 (81 %) indicated that ICTs are interesting environments as they make them explore things like 

games, puzzles and quizzes and chartrooms. 
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(b) Responses on how ICTs assist lecturers in the teacher training programme 

Category of assistance of ICTs 

to lecturers in teacher training 

programme  

Number responded to  each 

form of assistance (N=10) 

           Percentage 

1.Enhance quality of education                       8                 80 

2.Increases efficiency and 

effectiveness 

                      3                 30 

3. Provides communication 

with student teachers and  other 

researchers 

                      8                 80 

4.Disseminate academic 

information 

                      8                 80 

5.Skills development                        10               100 

6.Access to information and 

communication 

                       10               100 

7.Supporting and transforming 

learning of student teachers 

                       7                                    70 

The response on the category of assistance of ICTs to lecturers shows that 8(80 %) indicated that ICTs 

enhance the quality of education by increasing learners motivation and engagement by facilitating the 

acquisition of basic skills as they do their assignments and course work.  

Response on whether ICTs increases efficiency and effectiveness, 3 (30%) of the lecturers indicated that 

ICTs increases student teachers’ efficiency and effectiveness. 

3. It was interesting to note that 8 (80 %) of the lecturers indicated that ICTs facilitates research in any 

discipline as they provide quicker and  easier access to extensive and current information. 

On category 4, 8 (80 %) of the lecturers indicated that ICTs provides researchers with avenues for 

communication with other researchers on research reports and findings. 

It was also noted that,10 (100 %) of the lecturers  indicated that ICTs assisted them to disseminate academic 

information on www, electronics and publishing houses This was in line with the National policy on IT 

which was introduced in 2005, the Nziramasanga Commission of inquiry and the ZIM ASSET which was 

introduced in 2013 . 

On skills development,  10 (100 %) of the lecturers  indicated that  ICTs can be used to train student teachers 

in skills they will need in further education and as an on going learning process throughout the rest of their 

lives and for their future jobs for example word processing, email communications. This is in line with ZIM 

ASSET which advocates for employment creation using the available resources.  

10(100 %) of the lecturers also indicated that ICTs can provide access to information and communication 

outside the lectures via the internet, twitter and whatsapp.  
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This promoted learning as students are actively involved after their lectures by interacting to each other 

using various ICTs modes. 7(70 %) of the lecturers indicated that ICTs can support and potentially transform 

the learning of student teachers. 

(a) Responses on challenges faced by student teacher in using ICTs. 

Forms of challenge Number  (N=21) Percentage 

Network connectivity               21            100 

Inadequate ICT facilities at 

College  

              21             100 

Internet connectivity                17               81 

Incompetence                10               48 

Expensive when using phones                 13               62 

b. Responses on challenges faced by lectures 

Forms of challenge Number  (N=10) Percentage 

Network connectivity               10            100 

Inadequate ICT facilities at 

College  

              10            100 

Internet connectivity               10               81 

Incompetence                 4                40 

Expensive when using  M- 

phones 

              10               100 

The response on the two tables shows that both student teachers and lecturers faced similar challenges when 

it came to the use of ICTs. They had challenges on network connectivity, inadequate ICT equipment at 

College and, incompetence. They also reflected that accessing internet when using phones was expensive.  

DISCUSSION 

18 (86 %) of the students indicated that they used their mobile phones and College computers while 2 (10%) 

said they used their mobile phones and laptops. The student teachers’ response shows that students are 

already making use of ICTs as per National Information and Technology Policy that was put in place in 

2005 and also the ZIM ASSET 2013. 

 The interview with lecturers showed that the lecturers had access to  at least three forms of ICTs. This 

showed that the lecturers were moving on with technology usage in the global village. This is also an 

indication that the lecturers are transferring information and communicating using either  face-book, 

internet E-Learning , Twitter, and M- Learning.  

The student teachers’ responses on how ICTs assisted them indicate that the introduction of IT by the 

Department of Teacher Education (DTE) in their professional syllabus D is yielding some tremendous 

developments in how ICTs are promoting and sustaining education. The student teachers’ response reveals 

how they are actively involved in using a variety of ICTs.   
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Accessibility of the ICTs by students has played an important role in promotion of education. It has reduced 

the pressure of scrambling for books in the library where they are scarce. Instead of students queuing, the 

lecturers ’and student teachers response suggest that ICTs will remain an important part in the education as 

already noted by [5].  [17] and [19].  Students and lecturers when exposed to a variety of ICTs can google 

and search for educational information on the internet, web pages.  This move has made learning easy to 

both lecturers and student teachers [11] 

Most lecturers indicated that they experienced the problem of internet connectivity within their offices. 

They said at times they access internet on some days and can go for days without it.  They said this greatly 

affected them especially when they will want to access some information and transfer it to other places. 

This reflection shows that the College has not yet set the stage for the full use ICTs in the lecture rooms 

because of shortage of ICTs facilities at the college.   

The other challenge expressed is that of lack of adequate ICT equipment in subject areas.  Others indicated 

that the lecturers are not accorded the opportunity of having workshop to develop themselves in the use of 

ICT in lecture rooms.  Lack of technological competences is said to be the main barrier for lecturers to their 

acceptances and adoption of ICT [21].  [3]  als observed that inadequate or inappropriate training leads to 

lecturers not sufficiently prepared or sufficiently confident.  [19] stated that lecturers need not only to be 

computer literate but they also need to develop skills to use into their training programme. [1 and 2] argue 

that in-service courses in ICTs are a key in influencing the professional development of both teachers and 

lecturers. This reflects how much lecturers should be thoroughly trained.  

CONCLUSION 

 The research study revealed the role played by CTs in promoting and sustaining education at Joshua 

Mqabuko Nkomo Polytechnic College. The student teachers’ and lecturers response showed that they are 

benefitting from the use of a variety of ICTs at the College. The lecturers and student raised the issue of 

poor internet connectivity at college which sometimes affected their access and transfer of information on 

time.  It was also interesting to note that the lecturers lack support in the form of in-service courses in the 

form of ICT workshop.  

RECOMMENDATIONS   

The College should have good internet connectivity which will be accessible to both student teachers and 

lecturers at their convenient time. The college must engage reputable internet service providers to ensure 

that the internet is also connected for lecturers to use in their offices. 

The College must encourage lecturers to engage in some short ICTs courses such as ICDL for lecturers to 

learn how to use ICTs in lecturer room. 

Each subject area must have at least four computers connected to the internet and one LCD for lecturers to 

have hands on, on the use of computers.  
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ABSTRACT 

There is debate on how schools can employ ICTs to promote inclusivity in education particularly at Infant 

and Early Childhood levels. Marymount Teachers’ College teaches ICT as a compulsory subject and deploys 

student teachers to primary schools in Manicaland Province. Many qualified Infant and ECD teachers from 

the College also teach in some of the schools in the province. The launch of the Inclusive Education 

programme at the College in 2012 necessitated a needs assessment exercise which came up with several 

issues that included how ICTs were being used and related challenges. It is against this background that this 

study was carried out. The study aimed to find out how ICTS were being used in primary schools in 

Manicaland Province, establish challenges encountered in the use of ICTs and explore ways of promoting 

the use of ICTs for inclusive education at Infant and ECD levels. The study was a survey on the use of ICTs 

at Infant and ECD levels through questionnaires for student and qualified teachers teaching these levels. 

The study covered ten (10) schools in four major urban centres in Manicaland Province; namely Mutare, 

Rusape, Chipinge and Mutasa. The survey showed that separate computer rooms had been set up where 

pupils from ECD and Infant levels also received basic computer appreciation lessons once a week at allotted 

times from a ‘specialist teacher’. Five teachers from each of the schools were interviewed, while another 

set of five teachers from each school responded to a questionnaire. Ninety percent (90%) of the teachers 

were not computer literate and were ignorant of the concept of inclusivity. Only ten percent (10%) of the 

teachers had acquired basic computer skills out of their own initiatives but did not use computers in their 

day-to-day teaching. Traditional pedagogic practices continued as the means of transmitting knowledge to 

pupils. The study showed that teachers were aware of the various learning opportunities to be realised using 

ICTs, and computers in particular and that they lacked knowledge, skills and competences to use ICTs to 

enhance quality learning for inclusivity. Observations were also made of lessons taught at selected schools 

to establish how teachers were using ICTs. Interviews were carried out with selected teachers on ways of 

using ICTs and related challenges in promoting inclusive education. Fifty percent (50%) of schools in the 

studied had established computer rooms and it was quite possible to use ICTs to promote inclusive education 

due to the availability of several opportunities at Infant and ECD levels in schools which include the 

availability of computers, phones and other audio and video  

Keywords: inclusivity, quality education, computer literacy, traditional pedagogic practices, active 

participants.  

1. INTRODUCTION 

The introduction of the concept of inclusivity in education in Zimbabwe’s schools necessitated this study 

into the extent to which Information Communication Technologies (ICTs), among other strategies could be 
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used to promote the concept especially at Early Childhood and Development (ECD) and infant levels. There 

is debate on how schools can employ ICTs to promote inclusivity in education particularly at Infant and 

Early Childhood levels. Marymount Teachers’ College teaches ICT as a compulsory subject and deploys 

student teachers to primary schools in Manicaland Province. Many qualified Infant and ECD teachers from 

the College also teach in some of the schools in the province. The launch of the Inclusive Education 

programme at the College in 2012 necessitated a needs assessment exercise which came up with several 

issues that included how ICTs were being used and related challenges. It is against this background that this 

study was carried out. The study aimed to find out how ICTS were being used in primary schools in 

Manicaland Province, establish challenges encountered in the use of ICTs and explore ways of promoting 

the use of ICTs for inclusive education at Infant and ECD levels. 

Photograph 1: A computer room at one of the primary schools in Manicaland Province 

 

2. OBJECTIVES OF THE STUDY 

 To identify Information Communication Technologies (ICTs) which were available in schools 

for children at ECD and Infant levels 

 Establish how these were being used at ECD and Infant levels 

 Assess some of the challenges being experienced in the use of the ICTs 

 Find ways of dealing with these challenges in order to promote inclusivity at ECD and Infant 

levels 

3.  REVIEW OF RELATED LITERATURE 

a. The concept of inclusivity 

The concept of Inclusivity in education has been expressed in several education policies and circulars. 

 Pacey (2012) (1), an educationist, defines Inclusive Education as, “that which welcomes, nurtures and 

educates all children, in the mainstream class, regardless of their gender, physical, intellectual, social, 

emotional, linguistic or other characteristics.  
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All children irrespective of their sex, race, colour, ethnic or social origin, genetic composition, language, 

religion or belief, birth, disability which is the basis of inclusivity (Kironomos et al, 2006) (2). In other 

words Inclusive Education should provide appropriate modifications in order to meet the diverse 

educational needs of children. They all have the right to have equal access to education and this has given 

rise to the concept of ‘Inclusion” which has replaced ‘Integration.” Inclusion means ‘the right to belong to 

the mainstream” (Northway, 1997) (3).  

The Nziramasanga Report (1999) (4) describes Inclusive Education as, “the fulltime placement of children 

with special needs in a regular class where they are expected to benefit from the same source in the same 

environment, service conditions and circumstances as mainstream children”. Inclusive Education is 

therefore fundamentally not discriminatory. 

‘Light for the World’ (2013) (5) spells out principles and objectives for Inclusion as described in the United 

Nations Convention for the Rights of Persons with Disabilities (RPD) to education, health care, 

employment, information and general participation in society. It follows the Rights Based Approach (RBA) 

whose principles are that; 

 All people should have right to education 

 To recognize the dignity of every person 

 To value the capacities of every individual 

These formed the basis of regional and national policies of education and certainly the basis of the concept 

of Inclusion. 

The framework for the development of education exchange programmes in the promotion of quality ECD 

education is governed by the SADC Protocol on Education and Training framework. 

3.2 ICT policy in Zimbabwe 

The Ministry of information and Technology then in Zimbabwe produced the first National Information and 

Communication Technology Framework in 2005 which was informed by the Havard University-guided e-

readiness survey which suggested that the country was not uniformly e-read. In 2007, the Government of 

Zimbabwe introduced a policy which made it mandatory for every student at every teacher education 

college to do Information Technology (IT) (Musarurwa, 2011) (6). This provided the framework for 

implementation of training in the use of ITs. 

3.3 What are ICTs? 

Information and communication Technologies have been viewed quite differently by different people. 

UNESCO (2002) (7) defined ICTs as the combination of information technology with other related 

technology. Various products of ICTs are therefore available for education, and particularly ECD and Infant 

education. These include audio and visual products for teleconferencing, email, audio-conferencing, 

television lessons, radio and various other gadgets. These help to gain, send, access, create and process 

information in education. 
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3.4 The status of ICTs in Zimbabwe 

“Quality matters” was the theme of a Southern African Regional Conference on Early Childhood 

Development and Education in Pretoria, South Africa.  

The conference defined the infant level as inclusive of ECD ‘A’ for children turning age of four; ECD ‘B’ 

for those turning five years old, Grade 1 and Grade 2. It was highlighted that ECD was part of a nine-year 

primary school menu for Zimbabwe. 97, 62% of the Primary schools in Zimbabwe have ECD ‘B’ classes 

for children turning five years and the current enrolment for this age group in Zimbabwe was 481 915. 82, 

12% of the primary schools in Zimbabwe were reported to have introduced ECD classes for children turning 

four years old, with a total enrolment of 245 147. There is a finance framework through Grants-In-Aid, Per 

Capita Grants, Cost-sharing through School Development Committees and Basic Education Assistance 

(BEAM). 

Other support services include the introduction of the Diploma in ECD, Bachelor of Education Degree in 

ECD being offered at Universities in the country and quality assurance through the Education Management 

Information System (EMIS) which routinely gathers statistical and narrative data on a termly basis for the 

purpose of planning. The thrust of the Zimbabwean Government is to strengthen the foundation of the 

education system through investing more in the infant School Education and implementing early 

intervention programmes. 

Currently, Primary Teachers’ Colleges have increased enrolment of candidates to be trained as ECD teachers 

and cover the professional gap created by para-professional teachers who dominate in ECD schools. In-

service training programmes like mentorship also continue in many areas in the country. 

3.5 The benefits of ICTs 

ICTs break social, economic, physical and other barriers through internet connectivity, cell phones, Whats-

Upp, Face book, E-Mails, E-Learning, hence inclusion. They promote child centered learning (Elliott and 

Kratochwill, 1993: Tusssoni and Hucker, 2005) (8). Technology gadgets are more appealing to children 

than the elderly. Play by its nature is inclusive in that it provides opportunities for children of different 

abilities to interact and benefit from one another. It closes gaps in abilities as children learn from each other. 

According to Burghardt (1980) (9) play also gives the child autonomy which helps to sustain creativity. 

Landreth (2012) (10) argues that play is in fact a form of therapy. 

A study by Gulek (2005) (11) showed that ICTs improve student achievement on tests in both core subject 

areas and Overall Grade Pont Averages (OGPA), especially in English and Mathematics.  

The benefits are accrued not only from using ICTs for studying or learning, but also for assessment, 

particularly for students with special needs. According to Dolan (2005) (12) “Students that have physical 

and learning disabilities may underperform on tests not because they have mastered the content, but possibly 

because of the format through which the test is administered.” 

Gulek (2005) (11) established that “improvement in writing when utilizing technology is especially evident 

with regard to students with special needs and low achievers.” Computers help pupils to be more engaged 

and motivated in writing and produces work of greater length and higher quality. It was so established that 
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students with Dyslexia improved significantly in reading ability when computer remediation programme, 

Fast For Word Language, was used and scores were high (Koedinger, 2008; Temple, 2003) (14).This 

evidence showed the need for governments to invest more in training of pre-school teachers. 

The use of ICTs is however affected by a number of factors. Becta (2004) (16) found out teachers’ lack of 

time, insufficient knowledge of the pedagogical uses of technology and lack of information on existing 

software as the most common barriers to integrating in education. In-service training programmes should 

therefore be done for teachers and support staff to address the technological needs of children including 

those with special needs (Becta, 2004)(16). 

3.6 Learning through play at ECD and Infant levels 

Children learn through play. Computers are ideal for play but they should however be used in conjunction 

with other early childhood experiences and not to replace them (Linderoth, et. al, 2002) (16). Indoor and 

outdoor activities include running, climbing, jumping swinging and using wheel toys. They cannot be a 

stand-alone activity but should be used in conjunction with other activities. Technology when used 

thoughtfully and innovatively can help children express themselves verbally, visually and emotionally. 

ICTS provide a variety of ways for children to communicate ideas, thoughts and feelings (Van Scoter, 2002) 

(17). They support the development of writing, reading, pre-reading and story-telling skills. Children who 

cannot yet write can dictate words to go along with pictures, or they record their voices telling the story, or 

video-taped as they tell the story and show a picture. Research has shown the ICTs have the potential to 

develop social skills in children in the early years through providing an opportunity to collaborate, co-

operate, as well as developing positive relationships with other children and even adults. This study 

therefore explores some of the challenges and opportunities in using ICTs for inclusivity. 

4. METHODOLOGY 

The study was carried out in primary schools in three districts (Mutare urban, Makoni, Chipinge and 

Mutasa) in Manicaland Province where different categories of schools and learning environments were 

found. These categories included urban schools, peri-urban schools and rural schools with various types 

and quantities of ICT gadgets. School heads, teachers as well as Early Childhood Development (ECD) and 

Infant Teachers were involved in the study as informants. Research was done when lessons were in progress 

to establish the gadgets used, skills developed and challenges encountered. 

The study falls mainly in the qualitative research paradigm through its reliance on descriptive nature. A 

descriptive research design was therefore used to establish the extent to which ICTs were being used. 

Observations were done of computer rooms and laboratories as well as pupils learning in computer rooms 

and other ICT gadgets 

5. FINDINGS 

 In most cases learning computers could only be done if pupils went to the computer room and 

not in their respective classrooms with the exception of only two schools where computers were 

availed in the class rooms. In some few cases the class teacher visited the computer room 

together with their pupils to assist in managing the pupils. 
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Photograph 2: Grade 3 pupils sharing computers 

 

 In all schools visited were abnormally disproportionate teacher-pupil ratios as much as computer 

education was concerned. One school had an ECD class with 75 pupils who could only be taught 

in small groups of 9 at a time in the computer room and another had a pupil population of 245 

ECD and Infant pupils against one ICT teacher. The challenge was therefore to develop the use 

of ICTs among the teachers. 

 There is serious technophobia among some of the teachers. No teacher from Marymount 

Teachers College or any of the Primary Teachers’ Colleges in Zimbabwe was found teaching 

ICTs. Those found teaching ICTs were either graduates from Mutare Teachers College or From 

Mutare Polytechnic College. In some cases teachers with technical rather than professional 

competencies were recruited to teach ICTs. In many courses they called it ‘Teaching computers’ 

and not ‘ICTs’. The misconception of ‘ICTs’ as ‘Computers’ was therefore still very strong in 

the schools. 

 Most schools where computers were taught had a national syllabus which emphasized on 

appreciation of computers only for the ECD and Infant classes 

 Computer lessons were on the time tables at such schools though with different times which 

varied from 30 minutes to 2 hours per class per week  for both theory and practice depending on 

the number of computers available and the number of pupils at the school 

 Activities which the pupils deed included computer games, windows, colouring shapes which 

helped to socialize and develop cognitive and physical skills. Games especially developed fin 

motor skills through activities such as matching. This also promoted a lot of creativity in the 

pupils. 
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Photograph 3: ECD pupils in a computer room 

 

 In most cases the schools had computers and a projector for use especially in the computer room 

to cater for large numbers of pupils, hence catering for inclusivity.   

Photograph 4: A projector in a computer lab 

 

 Some schools were making an effort to purchase electric generators to augment electricity 

supply especially during power outages which seem to be an everyday feature. In some cases 

the generator had broken down and was not repaired. The availability of Television sets and 

DVDs in some ECD classes ensured accessibility by pupils of different abilities and challenges. 

In one case the special class came to the computer room under the company of a specialist 

teacher in sign language to assist the deaf and dumb. 

 There was only one school with computers in ECD classes for teaching purposes 
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Photograph 5: Pupils playing computer games 

 

 Efforts were being made to connect computers to the internet but these were often very few for 

the pupils and the teachers or only teachers had access to the internet and pupils were excluded. 

At one school however, were pupils who could use the internet quite effectively to send e-mails 

and communicate on Whats-app and Face Book 

 Most of the IT teachers did not have specialised qualifications in ITs and did not attend 

workshops. In one case the IT teacher was a secondary trained teacher with knowledge about 

computers but know requisite skills to deal with pupils from ECD and Infant levels. At one 

school it was however reported that teachers had been trained in computers through a two week 

programme by a local University. 

 The challenged could be divided into categories which are physical, mental and special classes. 

The idea of special classes promoted labelling hence exclusion. 

 There were no special facilities for the physically challenged hence exclusion 

 Most schools with internet facilities were urban where one had 50 computers with 4 connected 

to the internet. So the problems were both availability and accessibility. In many cases the 

available internet facilities were used for research by the teachers for their private studies and 

not to promote learning among the pupils. 

 One school had software like “Learning Essentials” for Mathematics, Science and English 

 There was a glaring absence of school policy on ICTs although some heads asked for typed 

schemes and records 

 In most cases pupils share computers some thereby making it difficult to give individual 

attention to pupils 

 At one school, pupils watched cartoons on television as entertainment. There was however no 

school with any satellite connections which made it difficult to access world wide information 

through the TVs. 
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6. DISCUSSION  

Although the study established that schools had the capacity to foster inclusivity among ECD and Infant 

pupils, a number of challenges were also realized which included lack of funds to purchase computers, 

generators, projectors, TVs and other ICT gadgets; power outages; lack of power back up as well as 

technophobia among teachers who have the collective responsibility of promoting inclusivity through 

teaching and learning processes. Such challenges as well as the disparities in e-learning facilities confirm 

an observation made by the Havard University e-readiness guidelines that Zimbabwe was not uniformly e-

ready (18). A lot of effort is required to close these gaps and have a more comprehensive e-learning 

programme for the country. This also confirms observations made by UNESCO (7) and Ndlovu (19) that 

shows many challenges in the Zimbabwean ICT programme and alludes to the need for a clear budget, 

appropriate infrastructure and training. There is quite a comprehensive policy framework for ICTs in 

Zimbabwe as enunciated in the National ICT Policy (19). However, this research has shown that much more 

still has to be done in the schools where the policy is to be implemented. 

The finance framework proposed by the government of Zimbabwe (fell short due to the current economic 

challenges in the country. This calls for more involvement of private partners in providing resources and 

income generating projects at school level to fund ICT equipment. The study also revealed serious 

disparities in the conditions for the physically challenged which militate against efforts at fostering 

inclusivity. Social and economic barriers are also quite difficult to break considering the increasing 

polarization caused by increasing poverty in the country. Disparities were observed in schools in terms of 

availability of equipment, manpower and infrastructure. Findings from this study showed that some schools 

funded their ICT programmes while others relied on donors. This affected the implementation of a uniform 

ICT policy in the country and the ultimate realization of the noble goal of inclusivity. 

One important observation made in the study is that children enjoy computer lessons although some are 

guided by teachers without appropriate educational qualifications. The inclusion of ICTs in the college 

curriculum and the increase in enrolment of ECD students in Teachers’ Colleges are however, positive 

developments in developing appropriate IT skills among the teachers and making them e-ready. 

One weakness of this study is its focus on selected schools in Manicaland Province which may present 

problems of generalizing the findings. The study however provides some insights into the prevailing 

situation in primary schools in Manicaland and what could be done to foster inclusivity in schools at 6 ECD 

and Infant levels. 

Areas which this study did not explore and therefore need further research are analysis, monitoring and 

evaluation of the national ICT policy at a national level as well as ways of harmonising disparities especially 

in funding the ICT policy programmes in the country otherwise fostering inclusivity through ICTs will 

remain a pipe dream. 

7. CONCLUSIONS 

 Most schools are not ICT-ready although there is potential to use computers for inclusivity as 

shown by the availability of teachers who can be trained 
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 ICTs can be used in different forms to include computers, cell phones, toys, charts and other 

materials to cater for pupils with varying skills, abilities and backgrounds hence promote 

inclusivity 

8. RECOMMENDATIONS 

 The use of solar energy especially in remote rural areas with no Hydro-electric power as well as 

in urban areas as back up 

 Effective implementation of the government ICT policy together with a system of monitoring 

 Establish a resource centre which could be one of the primary or secondary schools with many 

computers where teachers and staff from surrounding schools can be taught computers 

 Integrating IT content in syllabi, tests examinations 

 Teaching pupils in small groups on one computer is not totally bad in that the teacher can mix 

the able and those who are not so that they assist each other 

 ICT policy should be enforced by the school administrators and government officials and ensure 

that all children benefit from ICTs. 
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ABSTRACT 

In Zimbabwe, pre-service teacher preparation is a shared responsibility between the Ministry of Higher and 

Tertiary Education and Science and Technology Development (MHTESTD) and the Ministry of Primary 

and Secondary Education, (MPSE).  Universities, colleges and polytechnics are under MHTESTD, while 

schools in which student teachers do attachment teaching practice (ATP) are under MPSE.  Recently, the 

University of Zimbabwe (UZ), launched an Open Distance and e – Learning (ODeL) Bachelor of Education 

Degree (BED) programme in Science (Physics, Chemistry, Biology and Mathematics). The first intake 

graduated in 2012, and the graduates are working fulltime in MPSE.  In the previous study on the 

institutionalization of the ODeL BED Science programme by the University of Zimbabwe, ODeL BED 

Science students, coordinators, lecturers and administrators concurred that the programme was achieving 

its objective of preparing high quality science teachers with Science, technology and Innovation knowledge 

and skills relevant to Zimbabwe.  Now, this tracer study sought to find out what stakeholders (teachers, 

school heads, Education Officers) in the MPSE felt about the job performance of ODeL BED Science 

graduates.  Case studies (using interviews) of stakeholders, observations   and document analysis were used 

to gather data. Qualitative data analysis methods were used. The main finding was that stakeholders rated 

ODeL BED Science graduates high in terms of job performance. However, the ODeL BED science 

graduates lamented the lack of a comprehensive practical work component in the programme, which 

negatively affected development of desired science and technology attributes. thereby adversely affecting 

their job performance. Some stakeholders suggested that more information about the programme should be 

provided through various advocacy activities to improve understanding of programme objectives.  Such 

understanding would improve collaboration among stakeholders. Recommendations for improvement of 

future programme implementation were made. 

Keywords:  Tracer, job performance, ODeL, stakeholders, science graduate teachers 

INTRODUCTION 

Traditionally, Open Distance Learning (ODL) methods, particularly print and radio, were used to expand 

the access to learning (1). However, rapid advances in information technologies (ICTs) have catalysed 

educational transformation in recent years (Nichol &Watson, 2003 in (1). The use of Open Distance e – 

Learning (ODeL) is becoming a popular worldwide mode of learning in all fields of education. Although 

the learner and the tutors are separated in space or time or both (1), ODeL enables them to effectively 

collaborate in the process of learning.  
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While traditional ODL methods have their merits, they are not adequate to meet the high demand of quantity 

and quality Science and Mathematics teachers, since they lack the attributes of quality that characterize 

modern ODL technologies. For instance, ODeL can allow two way communication through skyping, e-

mail, video conferencing and dialogue journals, which is not possible with traditional ODL methods like 

print, radio and television. Two way communication enables the learner to get immediate feedback, hence 

improving learning.  The learner can communicate with tutors at low cost anywhere whenever the need 

arises. The high cost of conventional education system also makes ODeL the best alternative way of 

learning. (Perraton, Robinson and Creed 2009) in (7) observe that ODeL augments face to face Science and 

Mathematics teacher education. 

Africa, through African Virtual University (AVU) intervention strategies, has taken advantage of ICTs to 

address challenges associated with quantity and quality, facing the teaching profession (1). The AVU is a 

satellite based distance education project that was initiated in 1995 by the World Bank. The broad objectives 

of the AVU are to deliver to countries of the sub-Sahara Africa (SSA), university education in the discipline 

of science and engineering, non-credit/continuing education programmes and remedial instruction. The 

AVU sought to strengthen capacity of target institutions, through improved ICT connectivity and 

developing, delivering and managing ICT-aided teacher education. 

AVU ODeL Teacher Education Consortium Programme 

In response to challenges associated with the provision of quantity and quality Science and Mathematics 

teachers in Africa, the AVU initiated a continent wide ODeL Consortium Teacher Education programme. 

At its inception twelve African Universities in 10 countries constituted the Teacher Education Consortium 

programme. The programme focuses on providing enough quantity of quality Science and Mathematics 

teachers through the use of ICTs.  Funding is done by the African Development Bank (AfDB) and the United 

Nations Development Programme (UNDP). The AVU ODeL Teacher Education Consortium programme is 

a unique undertaking due to the fact that for first time, African academic experts have come together to 

develop ODeL learning and teaching materials. In order to ensure informed high quality implementation, a 

pilot study was conducted between October 2008 and July 2009  in four partner institutions (PIs) namely: 

University of Nairobi, Universite’ Cheikh Anta Diop, Amound University and East Africa University.The 

results of the pilot study revealed that the AVU Teacher Education programme has the capacity to help 

learners to perform better in Science and Mathematics, in addition to contributing to elimination of gender 

divide in performance in Science (11). The 12 universities that were involved are: 

 Amound University, Somalia 

 East Africa University, Somalia 

 Jamina University, Ethiopia 

 Univesite’ Cheikh Anta Diop, Senegal  

 University of Hangeisa, Somalia 

 University Nairobi, Kenya 

 Universidade Pedagogica Mozambique 

 Universite’ Antananarivo, Madagascar 
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 Kyambogo University, Uganda 

 University of Zambia 

 University of Zimbabwe 

The ODeL programme offers Bachelor of Education Degrees (BEDs) in Physics, Chemistry, Biology and 

Mathematics. The ODeL Teacher Education Consortium member institutions use an agreed quality 

assurance mechanism. The purpose of offering these degrees is to reduce the shortage of Science and 

Mathematics teachers by increasing opportunities for high quality learning at low cost. The overall 

objectives of the consortium programme are to: 

1. Improve the quality of teaching and learning in Physics, Chemistry, Biology and  Mathematics  

through the use of ICTs 

2. Increase the number of Physics, Chemistry, Biology, Mathematics and Computers Science teachers 

by expanding access to training through the use of Open Distance  e- Learning 

3. Develop and promote research in teacher education in order to encourage evidence – based decision 

making in all aspects of teacher development 

4. Promote regional integration and strengthen relevant partnership with other teacher education initi-

atives in Africa and globally 

5. Contribute to the Millennium Development goals 

The objectives of the Consortium Programme and the MDGs form a robust theoretical basis for the use of 

ODeL in science teacher education. (10). 

ODeL Science Teacher Education in Zimbabwe 

In Zimbabwe, the University of Zimbabwe (UZ) is implementing the ODeL programme in partnership with 

three secondary school teachers’ colleges. The colleges are Belvedere Technical Teachers’ College (BTTC), 

Hillside Teachers’ College (HTC) and Mutare Teachers’ College (MTC). The current study is limited to the 

implementation of the ODeL by the UZ in partnership with Mutare Teachers’ College. Implementation of 

ODeL at Mutare Teachers’ College commenced in September 2010. BEds in Physics, Biology, Chemistry 

and Mathematics are being offered.  The first intake graduated in 2012. Graduates are expected to use 

practical and investigative approaches in teaching science. This would develop practical skills of students 

to apply science and technology to agriculture, environmental and socio – economic fields (8). Therefore, 

the ODeL teacher education programme should prepare science teachers who can produce the desired 

student science attributes. 

OBJECTIVES 

In the previous study (3) on the institutionalization of the ODeL BED Science programme by the University 

of Zimbabwe, ODeL BED Science students, coordinators, lecturers and administrators concurred that the 

programme was achieving its objective of preparing high quality science teachers relevant to Zimbabwe’s  

science education aims and objectives. Now, this tracer study sought to find out what stakeholders (ODeL 

graduates teachers and school heads) in the MPSE felt about the job performance of ODeL BED Science 

graduates.  
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The study was guided by the following objectives 

1. To find out heads and teachers’ perceptions on the job performance of the ODeL science and math-

ematics teacher education graduates. 

2. To assess the extent to which the ODeL science and mathematics teacher graduates have been pre-

pared to facilitate development of knowledge and skills in secondary school science education 

METHODOLOGY 

The design used in this study was qualitative, since it was relevant to the evaluative nature of the study. 

Case studies (using interviews) of stakeholders, observations   and document analysis were used to gather 

data. Qualitative data analysis methods were used.   The method was found suitable to give insight, since 

the main aim of the study was to establish the nature of job performance of UZ ODeL BED Science/ 

Mathematics graduates, identify and find the best way to improve achievement of programme objectives. 

Interviews were held with ODeL graduates, their respective school administrators (heads or deputy heads) 

and heads of Science & Mathematics Departments. Graduates were observed teaching. Professional 

documents of the graduates that were analyzed are schemes of work, teaching notes, progress records for 

pupils, pupils’ science/ mathematics exercise books and the graduates’ supervision reports by school 

administrators. 

It was appropriate to obtain data from these different sources for triangulation of findings, hence 

establishing validity. The design of interview schedule, observation schedule and document analysis guide 

was based on research questions. Overall, 13 UZ ODeL BED Science/Mathematics graduates, eight HODs, 

five heads were interviewed.  

The interview schedule had questions grouped into categories of: 

 Content mastery and Teaching approaches 

 Self esteem 

 Professionalism 

 Classroom management 

 Role of  Schools in the BED Science ODeL Programme 

Data from interviews, observations and document analysis were put into categories reviewed and analyzed. 

FINDINGS 

Content Mastery and Teaching approaches 

The ODeL graduates acknowledged that they had good theoretical content mastery which was corroborated 

by 6 out of 8 HODs involved and also supported by researchers’ lesson observations and analysis of 

documents like schemes of work which reflected use of student – centred investigative approaches. 

However, the graduates could not clearly relate their teaching of Science to development of science and 

technology student attributes.  
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The graduates could not link science education to the implementation of Zimbabwe’s ST policy, yet 

development of ST knowledge and skills is one of the main goals Zimbabwe’s science education. While 

agreeing that their teaching approaches were consistent with the ST policy, but it was by coincidence than 

from conscious point of view. It is therefore important the UZ ODeL programme should explicitly embed 

the learning/teaching strategies in ST for Zimbabwe and the world in general, so the teacher education 

programme is consistent with the global view on ST. All the Science HODs and graduates interviewed 

expressed concern on low level of laboratory/practical skills developed by the graduates during preparation. 

This was attributed to short time allocated to laboratory / practicals, in the ODeL programme, hence both 

the HODs and graduates recommended for more time to be allocated to laboratory / practical work. At a 

certain school the HOD said: 

The ODeL Science graduate has been attached to a science teacher at a neighbouring school for mentoring 

in A – Level practical work since the ODeL Science graduate showed deficiencies in practical work skills. 

I am glad to say there is a significant improvement in the performance of the teacher in practical work since 

mentorship partnership began.  

All ODeL Science graduates who participated in the study concurred with the HOD’s view on the need to 

allocate more time on laboratory work and other relevant practical work like improvisation. The graduates 

argued that development of diverse skills in practical work would make graduates of the programme more 

versatile to work with students from diverse backgrounds as well as adapting to learning environments 

either rich in learning aids and apparatus or poor. 

Self esteem 

The graduates felt confident to deal with A level. The reas0n they gave was classes due high content mastery. 

One of the ODeL BED Mathematics graduate had this to say:  

I am now able to confidently assist students in any mathematics topic which was a great challenge before 

attaining this qualification. During the first days after qualifying, students used to bring mathematics 

problems they had already solved, as a way of testing my content mastery but this did not irritated me. In 

fact I proved to them that indeed I knew the content and they were convinced, so they stopped testing and 

started to genuinely look for assistance from me. Even other colleagues request me to assist them. 

Another BED Science graduates who was very confident and excited said 

I am very happy that I have a degree through ODeL because I could not have done it through conventional 

ways. I am now studying for a Masters degree with a different University and I hope to be a university 

lecturer in the near future. 

Therefore, BED ODeL is rated high by stakeholders as proved by the high self esteem it developed in 

graduates, as well as the positive perceptions of the graduates by school administrative officials, colleagues 

and students. In addition, the two quotations clearly show that the ODeL programme is rated high by the 

graduates, schools and other universities which accept ODeL graduates to pursue studies in higher degrees. 
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Professionalism 

Heads and HODs interviewed said the ODeL graduates were highly professional as proved by the way they 

dealt with classroom management, pupils disciplinary problems, school administrative officials and school 

staff members and the community in general.  

One HOD said:  

The graduates are highly professional in dealing with various issues associated with classroom 

management, the school and community at large. Their attitude towards teaching science is very positive. 

Credit is given to the ODeL programme for producing high quality products. 

Another Head said: If the entire teacher education could produce graduates with this UBUNTU 

“HUMANNESS” then sustainable development will definitely be a dream come true in Zimbabwe. 

Although the BED Science ODeL programme has its own shortfalls like those identified in development of 

science practical skills, but quotations show that it is highly rated and acceptable to critical stakeholders, 

which are the schools. The quotations show that in addition to broadening science pedagogical content 

knowledge (SPCK), the programme develops values of UBUNTU (4) which make it relevant to Zimbabwe 

as a nation. Supervision reports by school administrators reflected that job performance by the ODeL 

graduates was good. Therefore, the developers of the programme should build on these identified strengths 

as well as eliminating identified weaknesses. 

Another shortfall of the programme which was revealed in schools was that of bias towards males. One 

Head said: 

Whether it is by omission or commission there is gender imbalance with bias towards males who dominate 

in number among the graduates. This needs to be addressed to encourage the girl child to do sciences 

through role modelling. 

This corroborated is by (6) who found out that in Nigeria even textbooks portray that Mathematics is a male 

domain subject. In Zimbabwe, (2)and (5) found that physics was gender typed as masculine by school girls. 

However, such trends are no longer consistent with trends emerging in Africa as evidenced by the ODeL 

Teacher Education Consortium objectives 

Classroom management 

Classroom management of ODeL graduates was said to be good by heads and HODs who were interviewed. 

However, the graduates argued that lack of apparatus made demonstration and group work dominant 

teaching/ learning approaches. They said when these approaches were used especially in large classes very 

few pupils per given time got the chance to use the apparatus living the rest of the pupils with chances to 

engage in activities with nothing to do with the lesson. This, according to the graduates, created classroom 

management problems.  

One respondent said, few apparatus for a class of 50 creates management problems because students who 

will not be having apparatus to use, will engage in playing which derails the lesson from set objectives.  
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From this it is clear that although unwittingly, chances will be high that the gap between the intended 

objectives and the achieved objectives will be very large.  This indicates the need for adequate apparatus 

and teaching/ learning aids to ensure that learners would be focussed on learning during lessons. 

Developing of science practical skills depends on the extent to which each student interacts with learning 

aids This interaction develops the psychomotor and cognitive skills (7) which are vital to the development 

of ST skills of students. However, absence or lack of learning aids forced science teachers to use 

demonstrations and the lecture method in most cases. This was revealed by most respondents during 

interviews 

One interviewee said,  Whilst we are aware that students should do experiments and practical work in 

general, lack of apparatus and other learning aids is a drawback. This is compounded by the fact that our 

BED Science ODeL Degree Programme did not develop us skills in improvisation, otherwise we could be 

mitigating the problem of lack of learning aids effectively.  

This quotation shows that the ODeL Science programme has deficiencies in preparing graduates to develop 

science practical skills in students in learning environments which lack conventional apparatus and learning 

aids. They (graduates) strongly recommended that the BED Science ODeL programme should introduce a 

rigorous component on improvisation in the learning / teaching of Science. This, according to the 

interviewees would enable BED Science ODeL graduates to adapt to learning environments rich or deficient 

in learning aids.  

Role of Schools in the BED ODeL Programme 

Many respondents argued that the UZ should partner with secondary schools in the BED ODeL Teacher 

preparation programme especially, on developing skills in science practical work. One Science HOD said: 

The UZ should engage secondary schools in mentorship partnerships with the view of developing science 

practical skills in ODeL science students. The ODeL Science Student can be given an A _Level class which 

she/he teaches practical work under the guidance of an experienced qualified science teacher in that 

subject. 

This quotation shows that the performance of the ODeL science graduates can be improved by having 

various partnerships with stakeholders. Therefore, from this it is suggested that the UZ should identify all 

stakeholders and devise best ways of involving them in the teacher preparation process to produce high 

quality graduates relevant to the science and technology education needs of Zimbabwe. 

This calls   for an effective communication system is articulated by  (9) in their study on Open and Distance 

Learning (ODL) by arguing that, “ Communication channels as well as communication aids are important 

in the design of good and effective client service structure” (p 87). In this study lack of clear communication 

by the UZ’s Science and Mathematics Education Department (DSME) with all stakeholders was interpreted 

by heads, teachers and ODeL graduates as reducing the effectiveness of the programme by wavering 

commitment to the programme.  
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Also, all interviewees expressed the need to improve communication through documentation by both the 

UZ DSME and MTC ODeL Centre, since verbal discussions tend to get distorted with time and lose focus. 

Lack of formal communication and dissemination of information were interpreted as threats to sustainability 

of the programme.  

CONCLUSION 

The study sought to find out what stakeholders (teachers, school heads, ODeL graduates) in the MPSE felt 

about the job performance of ODeL BED Science graduates. The major findings were that self esteem and 

confidence level had been boosted. Interviews showed the heads and teachers held the new graduates in 

high esteem. They thought that the ODeL graduates had good content mastery, displayed high 

professionalism and had sound classroom management skills. However, heads, teachers\][ and graduates 

themselves lamented the lack strong practical component in the course programme.  Also of concern was 

the lack infrastructure aligned to ODeL learning approaches like internet, which made blending of learning 

of science with ODeL strategies impossible. This implies that graduates could not apply ODeL learning and 

teaching skills they developed during their training. Overall the ODeL programme has done well in 

producing quality science education teachers as well as closing the gap of science teacher shortage.  

RECOMMENDATIONS 

The BED ODeL programme is a high quality programme whose graduates’ performance can be improved 

by: 

 Increasing practical work done by teachers  during training to develop desired practical attributes 

 Involving all stakeholders to develop as common understanding which may increase commitment 

to programme implementation and success 

 Including a strong component on improvisation to mitigate the problem of lack of learning teaching 

aids 

 The MPSE should facilitate putting up of ODeL infrastructure in schools so that ODeL learning 

approaches are used 

Future ODL research may seek to investigate to what extend the ODeL trained graduates utilised some ODL 

methodologies, such as skyping, e – mail, video conferencing and dialogue journals, in their teaching of 

Science and Mathematics. 
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ABSTRACT  

Institutions of higher learning incessantly refer to benchmarking whenever they have a problematic situation 

on their hands. However, it is not clear whether there is a shared understanding of that concept by key 

stakeholders, evident through shared practice of benchmarking, or how the benchmarking was practised. 

The objective of the study was to establish how benchmarking, within the context of institutions of higher 

learning, could be practised objectively, thereby authenticating a theoretical benchmarking model. The 

study was on three open and distance learning (ODL) institutions, located in the Southern African 

Development Community (SADC) region. A quantitative survey strategy was employed in order to collect 

data from the three institutions of higher learning. The population was the Southern African Development 

Community (SADC) regional ODL institutions and the selected sample consisted of three institutions within 

that region. Ten respondents at each institution were asked to complete questionnaires and by scoring each 

question on a Likert scale the performance of each institution was measured. The finding was that the 

performance of the three institutions could be measured and compared. It was concluded that the theoretical 

benchmarking model was authentic; benchmarking could be practised objectively in the context of ODL 

institutions. Further research in the area recommended to further authenticate that benchmarking could be 

objectively practised in order for ODL institutions to adopt and popularise the benchmarking model for the 

enhancement and self-improvement of quality education in ODL institutions of higher learning in the SADC 

and other regions.  

Key words: Benchmarking, comparison and measurement. 

1.0 INTRODUCTION 

The study was premised on the understanding that benchmarking eventuates in institutional performance 

improvement and the enhancement of quality education (1) (2). Benchmarking was defined as a process of 

setting levels against which quality could be measured or a process of identifying and learning from good 

practices in other institutions(3). It was stressed that benchmarking was a contemporary approach which 

contributed information on how institutions could move towards being autonomous and competitive public 

bodies, which used public funds effectively and efficiently (4). These institutions maximised their wider 

contribution to society in an economic, social, political and cultural manner.  

In this context, the institution strove to ensure quality, defined as high standards, and as the present study 

argues, this is best attained through benchmarking, commonly understood to refer to measuring the quality 

of something by comparing it with something else of an accepted standard. Detailed explication of the two 

concepts would be provided subsequently and when reviewing related literature. Various aspects of 

benchmarking readily come to mind (1), and “identify the most important aspects of contemporary university 

life in changing times and to find ways of benchmarking them”.  
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Their manual identified 67 benchmarks in nine areas of institution’s core activity. For any institution, not 

only these three, these benchmarks ought to be taken into account as an active component of institution’s 

governance towards a culture of quality. 

1.1 BACKGROUND TO THE PROBLEM 

Benchmarking was defined as, first and foremost, a learning process structured so as to enable those 

engaging in the process to compare their services/activities/products in order to identify their comparative 

strengths and weaknesses as a basis for self improvement and/or self-regulation(5). This was the definition 

adopted for the purpose of this study. Another study (6) defined benchmarking as a process of self-evaluation 

and self-improvement through the systematic and collaborative comparison of practice and performance 

with competitors in order to identify own strengths and weaknesses, and learn how to adapt and improve as 

conditions change. This definition was adopted (7) as part of a quality movement, and many players in 

commerce and industry also adopted the definition, in their quest for quality products and services. 

Benchmarking was a continuous and systematic process for evaluating the products, services and work of 

organisations that are recognised as representing best practices for the purpose of organisational 

improvement (7). It was clear from the above definition that benchmarking offered a way of identifying 

‘better and smarter’ ways of doing things and enabled an institution to comprehend why the ways were 

better and smarter. The definition tied in with the objective of benchmarking (8) which was to be an ongoing 

diagnostic management tool focused on learning, collaboration and leadership to achieve continuous 

improvement in an institution over time. The concepts that linked all these definitions were; continuous 

learning, self-evaluation, self-improvement, strengths and weaknesses.  

Quality assurance was defined (9) as systematic management and assessment procedures adopted by higher 

education institutions and systems in order to monitor performance against objectives, and to ensure 

achievement of quality outputs and quality improvements. Quality assurance facilitated the recognition of 

the standards of awards, served public accountability purposes, helped inform student choice, contributed 

to improved teaching learning and administrative processes, and helped disseminate best practices with the 

goal of leading to overall improvement of higher education systems. Setting common standards and 

evaluation criteria, however, must take into account the diversity and plurality of higher education within 

national, as well as regional systems. Higher education institutions were challenged (9) to develop new 

visions and new forms of collaboration across institutions and nations. The term 'quality assessment,' had 

common methods and elements which included a national coordinating body; institutional self-evaluation; 

external evaluation by academic peers; and published reports. Four main types of "quality values" that 

underpinned different approaches to quality assurance were: academic, managerial, pedagogic, and 

employment focus (10). The section on a review of related literature would fully develop the concepts of 

quality and benchmarking as they related to open and distance learning institutions. 

In the current study the concept of benchmarking was depicted as a process of self-evaluation and self-

improvement which was achieved through the methodical and collaborative measurement and comparison 

of quality and performance with that of competitors (6). This was why benchmarking belonged to a superior 

position, apart from all the other quality enhancing methodologies. The theoretical framework, portrayed 

as the nature of benchmarking, reflected the approach of the current study (1). 
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 The framework adopted an approach that divided the core business areas of the institution into nine and 

sub-divided each of the nine areas into indicators, which averaged five indicators for each core area. 

1.2 OBJECTIVE OF THE STUDY 

The study objective was to comparatively analyse the performance of the three institutions of higher 

learning in an objective way, leading to the enhancement of quality education and performance 

improvement.  

1.3 RESEARCH METHODOLOGY 

Ontology was defined (11) as the study of being, that is, the nature of existence. While ontology embodied 

understanding what is, epistemology tried to understand what it means to know. Epistemology provided and 

decided the kind of knowledge that was legitimate and adequate. Reality was seen as being composed of a 

clearly formed entity with identifiable properties.  Another view was that ontology was the science and 

study of being and the developed definition included claims about what existed, what it looked like, what 

units made it up and how these units interacted with each other (12) . The “being” ontology led to three 

epistemological positions, which were the objectivist epistemology, the constructivist epistemology and the 

subjectivist epistemology. I, the researcher, identified with the objectivist perspective, which postulated that 

knowledge was out there to be discovered objectively. I believed that reality existed independently of 

consciousness and in an objective manner. I adopted the positivism theoretical perspective for the study.  

I used the quantitative paradigm, adopted from the awareness that paradigms were worldviews or belief 

systems that guided research. This was in accordance with two researchers (13),(14) who defined paradigms 

as philosophical assumptions or beliefs about fundamental aspects of reality that gave rise to a particular 

view of the world. Researchers discerned reality and what they thought about the world through the lenses 

of paradigms. This was supported by a researcher (5) who stated that there were two paradigms in research 

and these were the qualitative and the quantitative paradigms. The quantitative paradigm was a process of 

inquiry based on testing a theory composed of variables, measured with numbers, and analysed using 

statistical techniques. The quantitative paradigm dealt in numbers; unlike the qualitative paradigm which 

was a process of building a complex and complete picture of interest, conducted in a natural setting. The 

qualitative paradigm dealt in words. This study dealt in numbers and conducted a survey into benchmarking 

practices in the three institutions of higher learning on the enhancement of quality education in three 

institutions of higher learning in the SADC region. I wanted to establish the three institutions of higher 

learning conceptualised and objectively measured benchmarking.  

I employed the survey approach to gather data from which meaning was extracted. I visited each of the 

three institutions to collect data through the distribution and completion of the questionnaire. The top three 

ranks at each institutions were considered for data collection, and these were top management, made up of 

the Chief Executive Officer and the Deputy, Deans and members of designated posts; the Professors; and 

Lecturers. These were the people deemed to possess an appreciable amount of knowledge to be able to 

complete the questionnaire. 

 

http://www.rcz.ac.zw/
http://www.rcz.ac.zw/


10th Zimbabwe International Research Symposium Book of Papers Presented (ISSN: 2412-2386) 

Published by Research Council of Zimbabwe   

Website: www.rcz.ac.zw   267 

1.3.1 Population 

The open and distance learning institutions of higher education in the Southern African Development 

Community (SADC) region, indeed the African open and distance learning (ODL) institutions, formed the 

population of the study. This excluded the conventional institutions where the student dwelt at the institution 

and attended lectures.  

The identity of the three institutions and the respondents was withheld for confidentiality purposes, shielded 

the institutions from possible harm emanating from exposure of identity. This was an ethically responsible 

way of treating respondents. For purposes of this study the three ODL institutions of higher learning were 

re-named the Open University (OU), the Distance University (DU) and the ODL institution (ODL).  

1.3.2 Sample and sampling procedure 

The sample was purposively derived from the top three management ranks of the three institutions, which 

were thought to possess an understanding of benchmarking and were academics. Ten names of the 

respondents in each of the ranks were selected through a lottery method from the number of academics in 

the rank. Pieces of paper on which respondent names were written were put into a hat and I requested one 

person from the institution to pick ten names from the hat. The reason for choosing this method was to make 

sure each academic stood an equal chance of being selected to be a respondent. The generality of the 

workforce in the institutions was not involved. 

I visited the three institutions and distributed the questionnaire to the respondents, who completed them and 

returned them to the same researcher. This meant that there was a 100% return of the questionnaire.  

1.2.3 Data collection and analysis 

Data were collected using the questionnaire. The core business of the institution was divided into nine core 

business areas, which were subdivided into a number of indicators per core business area. The indicators 

were designed to measure the performance of the institution, which enabled the researcher to compare the 

performance of one institution against the performance of similar institutions. The respondents were 

required to place a tick in the space provided and against the alternative which the respondent thought most 

reflected the situation that obtained on the ground. The alternative responses were: evident, not evident or 

not sure that the situation contained in the statement obtained in the institution.  

The data that were collected were analysed through statistical analysis. The responses from the 

questionnaire were added up: first, the responses on each core business area and for every indicator were 

added up and computed to a percentage; second, the percentages for all core business areas were added up; 

and, third, the totals for every indicator in the core business areas were added up; fourth, the total 

percentages for all core business areas were summed up; and, fifth, the core business area totals were 

summed up to rank the institutions. The totals in each core business area indicated a measure of the level of 

the quality of service in each area. The institutional total measured the level of quality of service and was 

used to rank the institution against the other two on a comparative basis. 

1.4 RESULTS OF THE STUDY 

The Benchmarking Model by McKinnon, et al (2000) proved capable of measuring the quality of service 

an institution rendered to its customers and the performance of its workers.  
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The study successfully employed the questionnaire designed by the writers to measure the quality of service 

experienced in the three institutions of higher learning. The quality of service and the performance of the 

three ODL institutions of higher learning were measured and compared to come with rankings of the three 

institutions.  

The Open University provided the highest quality of education to its stakeholders, followed by the ODL 

institution and the Distance University offered the third highest quality of service among the three 

institutions of higher learning. 

The quality of service and the performance of an institution could be measured and compared to that of 

similar institutions thereby enabling the institutions to employ quality and performance improvement 

strategies.  

The major result was the authentication of the Benchmarking Model proposed by McKinnon, et al (2000). 

The result proved that the model could be employed to benchmark the performance of one institution against 

that of a comparable institution. Performance and quality enhancement strategies could then be instituted 

to improve the performance and quality of service of the underperforming institution.

1.3.2 Discussion of results  

The study sought to authenticate the Benchmarking Model proposed by McKinnon, et al (200) through 

employing it to benchmark the quality of education and the performance of three institutions. In their 

discussion of university benchmarks, McKinnon, et al (2000) identified several benchmarks. A list of nine 

core business area and fifty benchmarks or indicators which were expected to be evident in an ODL 

institution, was drawn and used in the questionnaire. These reflected the quality of service and the 

performance levels at the Open University (OU), the Open and Distance Learning (ODL) institution and 

the Distance University (DU). These were generalisable in comparable ODL institutions of higher learning. 

A summary of the findings indicated that the indicators and benchmarks shown in the nine thematic areas 

of a university could be viewed as standards against which institutional performance could be measured 

and analysed in comparison with other institutions. The findings from the study showed there were 

benchmarks which indicated good practices in one institution which could be implemented to change or 

improve performance in another institution of higher learning. The results demonstrated that benchmarking 

required commitment to change, investment in financial and human resources and involvement of senior 

leadership and staff at the appropriate level in the institution. It was shown that the support of senior 

management was critical at every stage of the benchmarking process. Finally, the analysis showed that 

benchmarks could be employed as external standards for measuring quality and to identify areas for 

improvement. The analysis showed that there were four major reasons or benefits that accrued to the 

institution from the benchmarking practice and these were:  

 Assisted institutions to continuously attain experiential learning for continuous self-

improvement 

 Benchmarking helped institutions to understand their strengths and weaknesses.  
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 Allowed institutions to realise a possible level of performance as measured and compared with 

that of others, and how much improvement could be achieved. They could identify the 

performance gap 

 Benchmarking assisted to understand better and satisfy the students’ needs for quality products 

and services by adopting proven standards and goals of quality. 

 Assisted institutions to improve their competitive advantage by stimulating continuous 

improvement in order to maintain world class performance and to improve competitive 

standards. 

The benchmarking approach was considered a significant tool of quality improvement in institutions, which 

was built on a leadership commitment to continuous improvement of institutional performance and student 

satisfaction.  

The nine thematic areas included in the study were: governance, planning and management; external 

impact; finance and physical infrastructure; learning and teaching; student support; research; library and 

information services; internationalization; and staff.  The selected sample of participants from the three 

institutions were requested to complete a questionnaire and the results of these were analysed to determine 

perceptions and attitudes of the participants concerning the performance of their institutions in the thematic 

areas, as informed by scores in the sub-thematic areas.  The results were analysed in this chapter. The 

research showed that the Open University (OU) provided the highest quality of service than both the ODL 

institution and the Distance University (DU). This meant that the OU provided high quality service than the 

other two. It had an average score of 71.4%, ODL institution scored 60.5% and DU scored 49. 8%. These 

percentages were calculated as averages of sub-theme scores so they did not add up to 100%, as reflected 

by the scores in the graphs and pie charts. The higher the percentages the higher the quality of service 

provision in the institution. But they clearly illustrated the perceptions of participants on the institution’s 

performance on each theme as derived from the sub-theme scores. The analysis had two types of statistics; 

the positive quality provision and the negative quality provision statistics. The positive quality provision 

statistics were considered in this analysis since all the institutions indicated that their services were largely 

in the positive service domain. The negative quality indication was helpful in illustrating that there was no 

institution which scored a hundred percent quality service provision. 

1.3.2.1 Governance, planning and management 

This thematic area was divided into eight benchmarks or standards. On average the leadership of OU created 

the most conducive environment for the institution’s workforce to work, with an average score of 82.1%. 

The ODL illustrated that its leadership provided the employees with the second most conducive situation 

in which to function, with a score of 75%. The DU leadership was perceived not to provide a very conducive 

working environment with a score of 68.2%.  The perception by many participants was that good university 

leadership had to bring together the aspirations and thinking of the whole university community, and it was 

felt OU did this well. 

The perceptions of the participants of the three institutions were that the Chief Executive Officers (CEOs) 

and Councils of the three institutions established clear visions for their institutions.   

http://www.rcz.ac.zw/
http://www.rcz.ac.zw/


10th Zimbabwe International Research Symposium Book of Papers Presented (ISSN: 2412-2386) 

Published by Research Council of Zimbabwe   

Website: www.rcz.ac.zw   270 

The participants all agreed there was evidence of the vision in their respective institutions, with a 100% 

score for each institution. The participants seemed to indicate that the leadership showed some commitment 

to continuous improvement of courses, research outcomes and organisational frameworks. That was also 

an indication of commitment to quality service provision in each of the institutions, with the OU showing 

highest quality provision in university management. 

 
Figure 1.  Governance, planning and management benchmarks analysis 

However, there seemed to be no research policy at the OU where only 36.4% participants claimed there 

was evidence of ‘research policy in place and there are resources allocated for research’. 

1.3.2.2 External impact 

The participants from the OU illustrated they were happy with the reputation of their institution, with a 

score of 100%, which was proof of total satisfaction with the reputation. The reputation at the ODL 

institution was placed highly at 83.3% but that of the DU was low, at 36.4%. The three institutions scored 

a low mark in the category of lecturers with earned doctorate qualifications, which meant the institutions 

did not have many people with this high qualification.   
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Figure 1.  External impact 

There was a community service policy at the OU, with a 57% score, but the same was not so evident at the 

other two institutions, with DU registering a low score of 45.5% and the ODL institution scored 33.3%. The 

participants felt the policy was either not there or it was not being implemented. The average scores were 

low for the ODL institution, 61.9%, the ODL institution scored 44.4% and the DU scored the least of 33.4%. 

These illustrated that the relations of the ODL institution and the DU with the outside world were low. 

1.3.2.3 Finance and physical structure analysis 

The perception was that the institutions enjoyed the provision of average finance and physical infrastructure.  

The OU participants believed their institution fared well at 65.7% and the ODL institution came second at 

a low of 63.3%. The participants at the DU showed they were not happy with the financial and physical 

infrastructure at their institution, with a score of 45.5%. At the OU, 100%, there was a well documented 

asset management plan, unlike at the ODL institution, at 66.7%, and the OU trailed at 45.5%, whose 

participants believed there may have been no plans.  
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Figure 3 Finance and physical infrastructure analysis 

However, the DU personnel had ‘access to efficient, networked computer facilities’ at 90.9%, but at the 

ODL the participants felt they had all the computer facilities they needed, at 100%. 

1.3.2.4 Learning and teaching analysis 

This thematic area proved its importance by having thirteen sub-themes under it. The perceptions of the 

sample of participants at the OU and the ODL institution believed the theme was generally above average. 

Both of them scored 76.9% each, while the DU scored 69.2%. The ODL institution showed that the 

participants’ had good perceptions, with a score of 100%, in five sub-thematic areas, and the OU scored 

100% in two sub-themes. The DU earned a score of 100% as evidenced in the thematic area where 

‘academic staff was peer reviewed and evaluated by students’. The area of concern was where the 

participants denied that there was a financial/promotional reward, for example, in teaching and publication, 

with the institutions, the OU, the ODL institution and the DU receiving scores of 28.6%, the ODL institution 

33.3% and the DU 36.4%, respectively. The other area that scored lowly was where participants indicated 

that there was no ‘over 95% success rate per programme’. This showed the success rate was much lower in 

all the institutions. The ODL institution indicated the success rate was much lower than that at the other two 

institutions, it scored a 16.33.3%. This meant that the participants said it was not evident that the success 

rate was as high as 95%.  

0

10

20

30

40

50

60

70

OU ODL DU

http://www.rcz.ac.zw/
http://www.rcz.ac.zw/


10th Zimbabwe International Research Symposium Book of Papers Presented (ISSN: 2412-2386) 

Published by Research Council of Zimbabwe   

Website: www.rcz.ac.zw   273 

 

Figure 4 Learning and teaching analysis 

The OU scored 57% to indicate an average agreement with the expressed sentiment and the DU scored 

36.4%, which indicated a belief that the success rate was much lower than 95%. 

1.3.2.5 Student support 

The purposively selected sample of decision makers at the OU illustrated that only 42.2% of participants 

believed the level of student support was adequate. At the DU and the ODL institution the participants 

scored 90.5% and 61.1%, respectively, to express the opinion that there was adequate student support. At 

the OU 100% of the participants felt the ‘administrative staff attitudes and competencies are characterised 

by speedy, accurate and complete answers to enquiries’ were evident. At the DU only 18.2% of the 

participants believed there was evidence of ‘low waiting time for students and systematic follow-up of 

enquiries’.  
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Figure 5 Student support analysis 

Added to the low score at the DU in the sub-theme was the fact that only 45.5% of participants felt there 

‘was a good match between the services and facilities available and their use’. The two areas which 

concerned the resolution of student queries and the provision of facilities were cited as critical at the DU, 

at 31.7% and to a lesser extent at the ODL institution, at 58.4%. The same sub-theme scored 90.5% at the 

OU. 

1.3.2.6 Research 

The three institutions generally scored low points in this thematic area as proof of the low output of research 

in these institutions. The ODL institution scored the highest mark of 62.5% as evidence that there was some 

research activity at the institution. This was followed by the OU which scored 57% and the DU scored 

27.3%, which illustrated the near absence of research activity in that institution. The score of 36.4% at the 

DU was evidence that there was no ‘research training management plan’ but at the OU the plan was evident, 

with 63.3% of participants arguing it was evident that the plan was there. The perception of the selected 

sample at the ODL institution was that ‘over 50% of staff publish or are involved in research supervision’. 

The lowest score of participants at the DU, at 9.1%, believed there was evidence that ‘research grant awards 

were made regularly’, which indicated the near total lack of research activity. The score of 33.3% at the 

ODL was evidence that there were no grant awards which were made regularly. The participants at the DU, 

18.1%, claimed that it was not evident that ‘some research outcomes had, on an annual basis, a national and 

international impact

 
Figure 6 Research analysis 

The area of research grants evidenced that there were no grants awarded regularly at the three institutions. 

Participants at the OU, at 57%, believed some research grants “are made regularly”, while those at the ODL 

institution, at 33.3%, and the DU, at 9.1%, believed there were no research grants. 
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1.3.2.7 Library and information services 

The participants from the ODL institution were clearly not impressed by the type of library and the library 

services the institution ran. They had an average evidence score of 33.3% which indicated the thematic area 

needed to be improved to satisfy the students and other stakeholders.   The average scores were 74.9 for the 

OU, 33.3% for the ODL institution and 70.4 for the D

 

 

Figure 7 Library and library services analysis 

The participants at the OU, with a score of 74.9%, believed it was evident that there ‘were collaborative 

links with other research centres’. The perceptions, views and attitudes of the participants in the four sub-

themes of the thematic area at the ODL institution were the same at 33.3% each; they indicated that the 

participants felt the institution did not clearly articulate and share its goals, references of course reading 

lists were not availed to more than 90% of the demand and there were no collaborative links. The situation 

was different at the DU where a score of 70.4% meant the participants believed that there was evidence that 

the ‘library and information services’ were found to be satisfactory by students. 

1.3.2.8 Internationalisation 

The average perceptions, views and attitudes of the participants of the OU were that ‘there were active 

agreements/partnerships with institutions of high standing in several countries’ as evidenced by a 100% 

score. The DU participants indicated that it was not evident ‘opportunities were provided for interaction 

between national and international students and lecturers’, at 18.2%, just as it was not evident that ‘students 

were exposed to international experience by undertaking a component of their study abroad’, at a score of 

18.2%.  
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Figure 8.  Internationalisation analysis. 

The participants from the OU indicated that they felt it was not correct to say ‘students were exposed to 

international experience by undertaking a component of their study abroad’, at 14.3%. In another sub-theme 

the participants at the ODL institution thought it was not evident that ‘students were exposed to international 

experience by undertaking a component of their study abroad’, at a score of 100%. The three universities 

were generally in agreement that there was little evidence on the presence of international students: 61.1% 

of the ODL institution participants believed there was some presence of international students or activity; 

at the OU there was 50% evidence of the presence of international students; and at the DU 34.1% of 

participants believed there was a presence of international students at the institution.  

1.3.2.9 Staff 

On average the participants from the OU felt they were treated fairly well, with an average score of 83.3%, 

and the other two had 66.7% for the ODL institution, and 57.7% for ZOU. The perceptions of the ODL 

institution participants were that it was evident ‘policies on promotion, retention and career development 

were in place’, at a score of 100%;  policies on performance management, leave and salary awards were in 

place, at 100%; and staff profiles were matched to the jobs they did’, at a score of 100%.  The OU 

participants felt ‘there were procedures in preventing and resolving staff conflicts’, with a score of 100%.  

The DU scored a 27.3% to indicate there was ‘in place a policy on work diversity to maintain a percentage 

of international staff’’. The score indicated the sub-theme needed to be attended to. 
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Figure 9 Staff  

The sub-theme that ‘there was in place a policy on work diversity to maintain a percentage of international 

support’, with a score of 16.7%, received the lowest perception from the ODL institution participants. Out 

of the six sub-themes the DU participants perceived the last three as the lowest, with a score of 36.45% 

each. 

1.3.2.10 COMPARATIVE ANALYSIS OF THE NINE THEMES 

The current section benchmarked the themes in the three institutions in graphic form. Five themes were all 

illustrated in one graph and the remaining four were displayed in their graph to give a clear illustration of 

the perceptions of the participants on the quality of service and performance in their institution, against that 

of the other two universities. In other words the comparison was on sub-themes but turned to the themes 

themselves. The graph illustrated that the area of student support was of the highest quality of the three 

institutions, with an average score of 90.5%, which was followed by the ODL institution with a score of 

61.1% and the DU was third with a score of 42.4%. 
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Figure 9 Staff  

 

Figure 10 Thematic area comparisons 

Key: 

G, P & M  Governance, Planning and Management    E. I External impact 

F, P & I Finance and physical infrastructure  L & T Learning and teaching 

ST.SU  Student support 

The second highest area of quality service was governance, planning and management at the OU, with 

a score of 82.1% and the ODL institution was second with a score of 75% and the DU was third, with a 

score of 68.2%. This showed that DU provided a lower quality of student support compared to the other 

two institutions. In all the five thematic areas, in the above graph, the quality of service provision was 

highest at the OU, followed by ODL institution and the DU came third. 
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Figure 11 Thematic area comparisons 

Key:  

RES  Research   LIS Library and information service 

INTER  Internationalisation  STA Staff 

In the second graph the highest service quality was provided by the OU in the area of staff management, 

with a score of 83.3%, followed by the ODL institution with a score of 66.7% and the lowest staff service 

quality was at the DU, with a score of 57.7%.  The theme with the second highest service quality was 

the library and information service at OU, with a score of 74.9%. The institution with the second highest 

quality of service in the same area was ZOU, with a score of 70.4% and the ODL institution came third 

with a score of 33.3%. This was the only thematic area in which the DU beat the ODL institution to 

indicate that the quality of the provision of the library and information service was the second highest. 

This was the only area in which the quality of service provision was not the lowest of the three but it 

did not provide a higher quality of service than the OU in any thematic area.  However, the ODL 

institution provided higher quality service than the other two institutions in the areas of research, 62.5%, 

and internationalisation, 61.1%. The other two, the OU and the DU, scored 57% and 27.3% in research, 

respectively. They also scored 50% and 34.1% in research, respectively. 

The thematic scores were added together and averaged to determine the institution that provided the 

highest quality of service in the nine thematic areas.  
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Figure 12 Institution with highest quality service provision 

The institution which had the highest quality of service provision was the OU, which scored an average 

of 83.3%, followed by the ODL institution with a score of 66.7% and the DU provided the lowest quality 

of service among the three, with a score of 57.7%. On average the OU performed its functions better, 

provided more resources and enjoyed more senior management support than the other two institutions.  

1.4 CONCLUSIONS  

The comparative study came up with startling findings, which reflected the reality on the ground 

reflected in the rigour invested in the data collection and analysis.  

The study strove to determine the level of quality, defined as high standards, which was best attained 

through benchmarking, commonly understood to refer to measuring the quality of something by 

comparing it with something else of an accepted standard. The core areas or themes which represented 

the business of the institution were broken into fifty sub-themes. The manner in which each sub-theme 

was proceduralised was compared with praxis at the other institutions in the study with the view to 

identifying and then adopting best practices. The sub-themes were employed as the criteria the 

universities used to measure benchmarking as a determinant of quality university education. The 

collected data served to answer the primary research question, which sought to determine the extent to 

which the three institutions of higher learning understood benchmarking. 

1.4.1 It was concluded that the three institutions of higher learning, and other institutions in the 

SADC region, could consciously and actively practise benchmarking. Benchmarking was a 

quality enhancing mechanism based on the comparison of the institution’s performance 

against the performance of better performing institutions and the identification and adoption 

of strategies of the better performing institutions.  

1.4.2 It was concluded that the performance of an institution did not necessarily depend on the age 

of the institution. The Open University, created through an Act of Parliament in December 

1998, was the youngest of the three institutions, but it had the highest quality of service and  
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performed better than the two older institutions. It would seem unbelievable that the youngest 

institution provided services of the highest quality.  

The conclusions drawn from these findings were that the higher the individual and average percentage 

score the higher the quality of service provided. The provision of high quality service meant: 

 the students were more satisfied with the student services, student support and student 

learning  

 The better the institutional reputation was and the more the level of student satisfaction. This 

attracted prospective students with very good passes 

 Students with very good passes enjoyed high throughput rates and pass rates. 

 Satisfied students exhibited high retention and completion rates. 

The study successfully showed that ODL institutions of higher learning could undertake benchmarking 

activities, whose results could be used to form the basis for the institution’s quality education 

enhancement and performance improvement strategies. 

1.5 RECOMMENDATIONS 

The researcher recommended to other researchers to undertake further research in the same area in order 

to further authenticate the Benchmarking Model adopted in the study on how to carry out an objective 

benchmarking practice in order to enhance the quality of education.  Further research would popularise 

benchmarking in institutions of higher learning.  

I further recommended that other researchers widen the area of enquiry by extending research to 

establish the benefits of benchmarking in other levels of education, from the primary school to the 

universities and colleges of education. 

The researcher recommended other researchers to establish how poor performing schools and colleges 

could adopt best practices in their areas of operation/specialisation. This could be spread to cover units 

within the same institution, where one unit performed much better than other units in the same 

institution.  
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ABSTRACT 

This qualitative study specifically navigated the nature of pupils ‘errors and impact of teachers’ written 

feedback on pupils’ composition writing performance. All grade six pupils (N=41) at Solusi Primary 

School in Zimbabwe were used for the study; their composition exercise books were collected and 

analyzed. Findings indicated that pupils make numerous errors when writing compositions and teachers 

take their time indicating and commenting on these errors. It was also revealed that pupils generally 

write corrections and, although they sometimes repeat the previously corrected errors, their performance 

usually improves. The researcher recommended that class discussions should be held whenever marked 

compositions are returned to pupils so as to elaborate on errors and teachers’ expectations. Again, 

teachers should use a consistent error correction code which they should make pupils familiar with 

before use.  

Keywords:  Written feedback; composition writing; performance; pupils’ errors 

1. INTRODUCTION 

In line with the Zimbabwe Agenda for Sustainable Development Socio-Economic Transformation (Zim-

Asset), the education sector in Zimbabwe has a pivotal role to play; in enhancing the human resource 

capacity in the country. Proper education enhances empowerment; thanks to the Government of 

Zimbabwe that, at independence in 1980, declared education as a basic human right, Ndlovu (11). 

However, students are expected to master the national curriculum at all levels of schooling, regardless 

of ability, Mutepfa, Mpofu and Chataika (10). To this effect, the Ministry of Education in Zimbabwe has 

always strived to improve the education system, Muchemwa (9).  

Among the most problematic areas at all levels of education especially at primary school is writing in a 

second language- English, which according to Marima’s subject ranking is number one, Marima (8). In 

Zimbabwe, composition writing is a requirement at grade seven national examinations, an examination 

which is a prerequisite to secondary education entry. Since its re-introduction in Zimbabwe in 2001 at 

national examination, Kapfunde, Mapolisa and Chataika (5), composition writing has proved to be a 

challenge to the candidates, Chirinda (2). In a bid to rectify this issue, educators and scholars have 

regarded teachers’ feedback as one of the tools that can be used to improve the learners’ writing skills. 

This area has been greatly researched on. However, very little study has been carried out at primary 

school level. This research therefore has been designed to fill in that gap.  

Feedback is considered a significant part of instruction that can improve pupils’ writing skills, though it 

is a real task to teachers, Lewis (6). To this effect, a number of researches have been carried out on 

feedback on Second Language writing. Based on his study, Peterson (13) recommended that teacher 

feedback should be both criterion-based (feedback that indicates how well the writing meets the criteria 

on scoring guides) and reader-based (an assessment on how the writing measures up to common writing 
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conventions). He further suggested that teachers should acknowledge pupils’ efforts by identifying 

positive features of their writing.  

On a similar note, Parr and Timperley (12) studied in New Zealand on written responses within an 

assessment for learning framework in an elementary writing classroom. Findings revealed that the 

ability to provide written response, that serves assessment for learning functions, is a powerful 

component of teacher practice that develops and improves student writing.  

Some studied Bruno and Santos (1) focused on the characteristics of written comments on assignments 

as well as the process of writing them. They interviewed middle school students, observed lessons and 

made a content analysis of students’ assignments. They observed that the features that promote learning 

are the following: teacher’s comments located next to what needs revision; use of topics to discriminate 

tasks; use of vocabulary familiar to students as well as short and direct comments in learners’ work. 

Interviews with teachers revealed that they felt difficulties related to lack of space to write comments 

and selection of what to comment on.  

2. OBJECTIVES 

The study sought to establish:  

1. The common composition errors that are made by primary school pupils.  

2. How pupils’ compositions errors are indicated. 

3. How pupils respond to teacher’s written feedback.  

3. METHODOLOGY 

The study used a qualitative research methodology. All the Grade six pupils (41) at Solusi Primary 

School formed the population of the study. Data was obtained through document analysis, comprising 

studying pupils’ composition exercise books and recording the data obtained. The researcher asked for 

research permission from Solusi Primary School Headmaster, teachers concerned and the grade six 

pupils. When it was granted, the researcher kindly asked for pupils’ composition exercise books and 

analysed them. Analysis concentrated on: pupils’ composition errors and mistakes; teachers’ marking 

codes and comments as well as pupils’ written responses to teachers’ comments, for example, 

corrections. Findings were recorded. The obtained data was coded and classified resulting in a coherent 

report of findings being written. 

4. FINDINGS 

The findings of the study are summarized below. 

 Pupils make errors of all kinds when writing compositions. 

 In the marked compositions, both pupils’ errors and strengths were indicated.  

 A variety of informative comments were written on pupils’ compositions. 

 Corrections were emphasized and pupils usually wrote them properly.  

 There was a general improvement in pupils’ compositions with time.  

4.1 Discussion 

1. Errors made by pupils included the following: 

a) Wrong spellings: some spelling mistakes showed what can be termed ‘spelling by the ear’ 

phenomenon, for example, “lern” instead of “learn” and “quare” for “choir”. The spelling “lern” has 
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been written as it sounds. The spelling “choir” can only be written correctly by those pupils who 

concentrate on ‘spelling by the eye” when studying them. 

Other spelling errors indicated difficulties faced by primary school pupils in choosing a correct word 

from words of the same sound, for example, “beat” for ‘bit” and “heard” for “herd”. Again, some 

spelling errors showed pupils’ inflection problems, that is, when changing tenses plural, for instance, 

“comeing” instead of “coming” and “ladys” instead of “ladies” respectively. 

Some pupils’ spelling errors indicated that the pupils confuse some letters (b for d in this case) for 

instance, “garben” and “abmire”.  

b) Prepositional errors: A number of pupils had prepositional problems, for example, “beside the 

classroom” instead of “behind the classroom” and “The school was built on 1912”, thus using “on” 

instead of “in”.  

c) Mismatched subject- verb agreement: This was a common error found in a number of pupils’ 

compositions. Examples include, “The walls was painted white.”; “The boys was happy helping the 

needy.” A plural subject is matched to a plural verb, for instance, “were” for the cases above. 

d) Wrong verb tenses: Some pupils showed tense problems, for instance, “She comes yesterday.” The 

word “yesterday” is giving the sentence a past-tense form, hence, “came” is appropriate for the 

statement above. 

e) Wrong word choice: Although this error was rather minimal, whenever it was committed, it showed 

incompetency among pupils, for example, “The money was in my young bag.” The wrong adjective, 

“young” should be replaced by the correct one, “small”. 

f) Omission and misplacement of punctuation: This problem could be seen on both ordinary 

compositions and letters. There were a number of instances where punctuation marks were required 

but were omitted or vice-versa.   

g) Wrong articles: Some composition showed placement of wrong articles in sentences. The common 

one was use of “a” instead of “the”. 

h) Wrong pronouns: Some pupils could not comprehend the laws of pronouns, hence the made the 

following errors: “Kudzai (a young girl in the composition) was living with his grandmother”; “She 

lied to his teacher”, using “his” where “her” should be used. 

Apart from errors, a number of mistakes could also be identified, for instance, omission of last letters of 

a word: “answere” for “answered” and “badl” for “badly”. Some mistakes included placing capital 

letters where small letters are appropriate “Gold” for “gold”. 

2. In the marked compositions, both pupils’ errors and strengths were indicated.  This was in line with 

Gulcat and Ozagac’s recommendation that teachers should give feedback that develops the child (4). 

The errors were portrayed in variegated ways, for example, by direct feedback. Direct feedback has 

been defined by Ferris (3) as “when an instructor provides the correct linguistic form for students 

(word, morpheme, phrase, rewritten sentence, deleted word[s] or morpheme[s]” 
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Indirect feedback (when the teacher indicates that an error exists but not providing the correction) was 

also provided, thus giving the student a learning opportunity of solving the problem by correcting the 

indicated error.  

The following codes were used to indicate the errors; 

a) Use of lines (usually double) for a wrong word, phrase or sentence. 

b). Double ticks for a very good expressions. 

c). Use of the correction code, for example, sp for spelling and gr for wrong grammar. 

d). Use of both lines and correction code. 

e). Use of lines for error indication accompanied with the corrected word, phrase or punctuation. 

f). Model composition for corrections 

3. Variegated informative comments were written on pupils’ compositions. Most of the comments were 

characterized by shortness in length and preciseness in meaning, for example, “Good”, “Write clearly 

please”; “Check your spellings”; “You need to read your work before submitting it for marking” and 

so on. 

This finding tallies with that by Bruno and Santos (1) who found out in their study that short and direct 

comments in learners’ work promote learning and improvement in Second Language Writing.  

When necessary, comments were long, for instance, “Is this a composition? Please write and finish all 

your work.” This was an informative comment given to a pupil who had written only three lines to a 

composition entitled “Leisure Time”. 

4. In the marked compositions, corrections were emphasized and pupils usually wrote them properly. 

This finding tally that by Lipp (7) who gathered that students of English as a Second Language 

respond to teachers’ comments and write revisions in accordance to the type of feedback they receive.  

However, there were some observed instances where pupils:  

 wrote erroneous statements as corrections 

 repeated the same mistakes  

 avoided problem areas by re-writing correct statements 

 pupils writing new compositions without writing corrections. 

 Although composition marks fluctuated (more marks being obtained from guided 

compositions and fewer marks on free compositions) there was a general improvement from 

one composition to the next with very few repetitions of the same previously corrected errors. 

This was so because feedback focuses on form in second language writing had improvement 

impact on the learners’ written work.  

5. CONCLUSION  

From the study, it was concluded that pupils make numerous errors in compositions and teachers take 

their time pointing out and commenting on these errors. Since all errors cannot be corrected, teachers 

should be able to distinguish errors from mistakes and, thus concentrate on errors. It was also revealed 

that pupils usually write corrections. Although some improvement was noted from one composition to 

the next, marks usually fluctuated depending on the nature of composition written, meaning that there 

are other factors that affect composition writing performance. 
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5.1 RECOMMENDATIONS 

1. Sharing of learning objectives: Teachers should share with their pupils learning objectives so that 

pupils may understand what is expected of them. 

2. Error correction codes: Teachers should use consistent and standardized methods to indicate errors 

when marking compositons. Teachers should put wall correction codes so that pupils can study them, 

know them and write compositions with them in mind. It is even necessary for the teachers to first 

train the pupils on the sympols’ meaning and what is expected of the pupils when a certain symbol is 

used in their compositions. 

3. Class conferencing: Teachers should discuss their written comments with the pupils as a class and at 

times with individuals (if need arises) so that the pupils understand the teachers’ comments and 

feedback. 

4. Corrections writing: Although it is quite taxing, teachers should emphasize on pupils’ corrections; see 

to it that everyone has written them and are thoroughly marked. Feedback researches by Lewis (6); 

Peterson (13) as well as by Parr and Timperly (12) exposed that pupils who receive feedback and 

self-correct their mistakes and errors during revision are more likely to develop linguistic competence 

than those who receive no feedback and those who are not asked to write corrections. 

5. Distinction between errors and mistakes: Teachers should distinguish between mistakes and errors in 

pupils’ compositions; this can be a good guide in choosing what to correct and what to leave out. At 

times, obvious spelling, punctuation, and capitalization mistakes may exist due to pupils’ negligence. 

It is the teacher’s task to remind and encourge pupils to edit their work before handing it in for 

marking.  

6. For further studies: Since this study is only a case study, further study can be done on the same issue 

but using primary school pupils from many schools. 
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ABSTRACT 

Current educational direction is clear on the thrust to ensure children with disabilities are accommodated 

in the education system, as these contribute significantly to the overall pass rate in schools and the nature 

of the future generation. They are also expected, as members of the larger society, to play a substantive 

role in the socio- economic development of the nation. Of these children, those with specific learning 

disabilities are not an exception.  It has been noted with great concern that despite the educational 

provisions and services availed in the schools this particular group of students remains performing below 

the expected standards. This study, therefore, evaluated the implementation of the availed educational 

provisions and services meant for children with learning disabilities. A case study design of the 

qualitative methodology was used in this study. A purposive sampling technique was employed to select 

20 pupils with learning disabilities, the Provincial Schools Psychological Services/Special Needs 

Education personnel, 14 special class teachers, 14 regular class teachers and 14 Heads of schools judged 

to be suitable for the study. The results of the study revealed that there are limited numbers of teachers 

who are skilled to provide the relevant programmes. It also emerged that the implementation of relevant 

programmes, to a certain extent, depends on the attitudes of administrators and other relevant 

stakeholders. The study further recommended that a collaborative action be adopted by training 

institutions and relevant Ministries to equip pre-service and in-service teachers with requisite skills to 

teach students with various learning disabilities. 

Keywords: Specific learning disabilities, educational programmes, implementation 

INTRODUCTION AND BACKGROUND TO THE STUDY 

The observation of rights and education of children with disabilities in general and learning disabilities 

in particular is rooted within the concepts of human rights as expressed by the United Nations 

Convention on the rights of the child (1989), Jomtien World Declaration on Education for 

all(1990),Salamanca Statement (1994) and the Rights of persons with disabilities (2006).The  essence 

of empowering such individuals is to make them independent, successful and meaningful contributors 

to the socio-economic development of communities ,like their counterparts without disabilities. 

 In this regard, Zimbabwe has designed and put in place a number of programmes and services for 

children with specific learning disabilities. Sattler (1985) states that, a specific learning disability is a 

disorder in one or more of the basic psychological processes involved in understanding or in using 

language spoken or written which may manifest itself in an imperfect ability to listen, think, speak, read 

and write, spell or  to do mathematical calculations. The term includes conditions such as dyslexia, 

dyscalculia, aphasia/dysphasia, dysgraphia, and dyspraxia and irlen syndrome. Pupils with disruptive 

behaviour, inability to sit still and complete tasks also fall into this category (DuPaul & Stoner, 2003). 

This is often referred to as attention deficit hyperactivity disorder.  
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These disorders are intrinsic to the individual and presumed to be due to central nervous system 

dysfunctions, and may occur across the lifespan. In addition, Pumphrey and Reason (1992) posit that, 

although learning disabilities may occur simultaneously with other handicapping conditions or with 

extrinsic influences, they are not the result of those conditions or influences.  

 Programmes for pupils with learning deficiencies include on-spot remediation, clinical remediation and 

in- class remediation (Nkoma, 2014; Ljungberg, 2001; 2009). Class teachers mainly administer on- spot 

remediation of which any child can be the candidate. On- spot remediation is usually offered when a 

pupil has temporally failed to grasp a concept and is usually given soon after delivery of a lesson .In-

class remediation is also administered as a pull out programme by the class teacher and is provided to 

candidates who show more serious challenges than those in on-spot remediation (Brussy, 2001) . 

Clinical remediation is given to students who lag behind either in reading or mathematical calculations. 

In other words, it is a programme for dyslexic and dyscalculic pupils. 

Special classes which are found within mainstream schools constitute another programme. According 

to Cosford (1990), these are meant for pupils who perform below average in attaining an academic skill, 

in any subject but have adequate intelligence, maturational level and a suitable background to realise 

enhanced achievement.The services offered in special classes are relevant to students with a variety of 

learning disabilities which include, reading, writing, spellings or doing some mathematical calculations 

(Cosford,1990). Another service that was adopted by the Zimbabwean government is the Performance 

Lag Address Programme (PLAP) which was introduced by the then Ministry of Education, Sport, Arts 

and Culture in 2012 (The Herald,2013).This programme identifies pupils of various abilities , groups 

them within the class, and then provides instruction that relates to their aptitudes. It involves revisiting 

the syllabus and targeting concepts that have been difficult for pupils to grasp.  Instruction and pupils’ 

achievement is assessed commencing at their last point of success (Nkoma,2014).    

In order to effectively administer the designed programmes, the Zimbabwean government designed 

policies that ensure the teaching and learning of children with disabilities, inclusive of those with 

learning challenges.  The main law that gives guide to the administration of the availed provisions and 

services is the Education Act of 1987 as amended in 1996 and 2006 respectively (Education Act, 2006). 

It basically emphasises that every child has a right to access quality education in spite of his or her 

disability status, gender and cultural background, amongst other aspects. In addition, the Chief  

Education’ s Circular Minute Number 12 of 1987 gives guidance on the administration of clinical 

remediation in schools. The Disabled Persons Act (1996) also states that children with disabilities should 

be afforded support services in their education and social development. Consequently, the rights of 

persons with disabilities state that these need to be provided with special facilities for their education as 

alluded to in the Constitution of Zimbabwe, Amendment (Number 20) Act (2013). 

Despite the availability of relevant laws and policies, the education of students with learning disabilities 

in Zimbabwe is supervised by a number of stakeholders who include the deputy heads, heads of schools, 

education officers and District Education Officers. Monitoring of the implementation of these 

programmes is mainly done by the Schools' Psychological Services/Special Needs Education personnel. 

However, there are concerns that the supervisors are not receiving training specific to how supervision 

of teaching students with disabilities in general is to be done (Nkoma, 2014).   

 

http://www.rcz.ac.zw/
http://www.rcz.ac.zw/


10th Zimbabwe International Research Symposium Book of Papers Presented (ISSN: 2412-2386) 

Published by Research Council of Zimbabwe   

Website: www.rcz.ac.zw   292 

In contrast to this, there is evidence of support that is periodically provided to teachers so as to equip 

them with relevant teaching skills. Teachers require skills to diagnose a particular disability, match 

treatment with the needs of the pupil, implement and monitor the effect of the intervention over time 

(Greene & Ablon, 2001). 

Despite growing energy, effort and provision of services to arrest the challenges faced by students with 

learning disabilities found in schools, it has been noted with great concern that in Gwanda District 

Primary Schools these pupils continue to perform below expected standard in their academic work, 

thereby influencing low pass rate, evident in the grade seven results (2009-2013). 

Statement of the problem  

Pupils with specific learning disabilities and challenges in Gwanda District Primary Schools continue 

to perform poorly in their academic skills inspite of continued quest by researchers and educational 

developers to establish ways in which every learner is included and benefits from the education system. 

One then wonders if the implementation of the availed provisions and services is commensurate with 

the needs of pupils with specific learning disabilities. 

Purpose of the study  

Basing on the background and statement of the problem, the purpose of the study was to evaluate the 

implementation of educational provisions and services for primary students with learning disabilities in 

Gwanda district. 

Objectives of the study  

The objectives of the study were to: 

(a) Examine the quality of educational provisions and services availed for children with specific 

learning disabilities in mainstream schools. 

(b) Assess the relevancy and adequacy of the availed educational provisions and services. 

(c) Establish the level of skills and knowledge of teachers on the administration of the availed edu-

cational programmes and services. 

(d) Analyse the effectiveness of supervision and monitoring of the implementation of the availed 

services. 

(e) Explore the role of parents in the teaching and learning of pupils with specific learning disabil-

ities. 

Research questions  

5.1 What educational provisions and services are availed for children with specific learning dis-

abilities in mainstream schools? 

5.2 How relevant and adequate are the provided educational services for pupils with specific 

learning disabilities? 

5.3 To what extent are the teachers skilled and knowledgeable on the administration of the 

availed services? 

5.4 How effective is the supervision and monitoring of the educational programmes for students 

with learning disabilities? 

5.5 What role do parents play in the assessment, placement and the learning of pupils with spe-

cific learning disabilities? 
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METHODOLOGY 

A research methodology is an operational framework within which facts are placed so that their meaning 

may be seen more clearly (Leedy, 1989).In this study, a case study design of the qualitative approach 

was adopted. Pandya (2010) advances that qualitative approach enables the researcher to obtain in – 

depth insight of the problem. According to Litchman (2006) a case study is often recognised as one vital 

approach to qualitative research. It allows for the generation of data that can be represented through 

themes and statistical analysis (Creswell, 2005).This study used a population of 14 primary schools with 

special classes. A purposive sampling technique was employed to select these schools from the district 

.This is because it was not practical to obtain information from the total population. Purposive sampling 

entails selecting information or data from participants or sources that are suitable for the study (Johnson 

& Christenson, 2008; Cresswell, 2005). 28 pupils (18 boys and 10 girls), receiving instruction in special 

classes and judged to be able to give out information, the Provincial Schools Psychological 

Services/Special Needs Education personnel, 14 special class teachers (9 females and 5 males), 14 

regular class teachers (7 for maths and 7 for reading) administering clinical and other forms of remedial 

programmes and 14 Heads of schools (6 females and 8 males) participated in the study. Data for analysis 

was generated through interviews and qualitative questionnaires. Interviews allow generation of relevant 

research data from face-to-face encounters with respondents for the study. This method is ideal as it 

allows for the clarification of questions, probing and use of non-verbal cues for in-depth data generation. 

It is a powerful method of understanding others (Punch, 2005). Pupils targeted for the study were 

interviewed to solicit relevant information for the treatise. The questionnaire was administered to Heads 

of schools, special class teachers and Schools Psychological Services/Special Needs Education 

personnel. Questionnaires allow for anonymity of responses and ensure objective presentation of views. 

Findings of the study  

The findings derived from literature review and the collected data were that: 

 There are quite a number of educational programmes and services that are meant for children 

with specific learning disabilities. These include on-spot remediation, in-class remediation, 

clinical remediation, Performance Lag Address Programme (PLAP) and Special class place-

ment. 

 10 out of 14(71%) head teacher respondents revealed that the provisions of in-class remedi-

ation, clinical remediation, Performance Lag Address Programme and special classes were 

biased towards the needs of students with dyslexia and dyscalculia leaving out pupils with 

other specific learning disabilities. The other 4(29%), however, said that the services in place 

were quite relevant and adequate for all learners. 

  Whilst the Ministry mandated teachers to administer in- class remediation in their classes, 

all (100%) head teacher respondents said the master timetables were so congested that there 

was no time allocated for this intervention service especially in regular classes. Therefore, 

some teachers, inclusive of those in special classes were using break or lunch time to assist 

relevant pupils. 

 21 out of 28(75%) pupils did not appreciate being taught during periods of break from class 

and co-curricular activities as this deprived them their time of rest and socialisation. The 

other 7(25%) were content with how they are taught in their schools. 
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 24 out of 28(86%) pupils preferred to be taught within their regular classes as compared to 

the special classes because of fear of labelling and stigmatization. The remaining 4(14%) 

appeared to be content with how they were educated. 

  All (100%) Heads included in the study acknowledged the feasibility to administer clinical 

remediation and special classes because there were policy circulars that specified how these 

programmes were to be executed. However, all regular class teachers indicated that lack of 

policy biased to the Performance Lag Address Programme, in-class remediation and on-spot 

remediation affected effective implementation of these. 

 Out of the 14(100%) teachers who were manning special classes and included in the study, 

only 6(43%) were trained in Special Needs Education and the other 8(57%) were qualified 

regular class teachers who sometimes attended in-service workshops organised by the 

Schools’ Psychological Services/Special Needs Education Personnel. 

 There were limited workshops held to equip supervisors with skills of supervising teachers 

who provided intervention services for children with specific learning disabilities in schools. 

 There were limited funds in the district allocated for continuous assessment, in-service train-

ing workshops, supervision, monitoring and evaluation of the availed services.       

 12 out 14 (86%) of the heads that were included in the study acknowledged the great benefit 

received by pupils in special classes but indicated that those with specific learning disabili-

ties in mainstream classes were hardly attended to individually because of the high teacher-

pupil ratio in those classes .This ratio also affects the implementation of the Performance 

Lag Address Programme (PLAP), which was perceived by 11 out of 14 (79%) regular class 

teachers as an extra load to their work.  

 12 out of 14(86%) teachers that were included in the study revealed that parents were not 

involved or had no input in the assessment, placement and education of their children in 

special classes or remedial programmes, therefore, lacked adequate knowledge on the use-

fulness of these services. On the other hand, the remaining 2(14%) emphasised that, while 

parents in their schools were not involved in assessment and placement they acknowledged 

the importance of these services in their children’s learning.  

CONCLUSIONS 

         Basing on the findings of this study, it can be concluded that: 

 Gwanda district primary schools offer a number of educational provisions and services for 

students with specific learning disabilities. 

 The services provided do not fully address the needs of students with dysgraphia, dysphasia, 

irlen syndrome and attention deficit hyperactivity disorder since they are basically biased to 

those with dyslexia and dyscalculia. 

 There is no specific time allocated for some intervention services like in-class remediation. 

 There are few specialist teachers to effectively teach pupils with specific learning disabilities 

in the district.  

 There are few in-service workshops conducted to empower teachers  to implement pro-

grammes for pupils with learning disabilities because of limited allocated funds. 

 The teacher-pupil ratio is too high in mainstream classes and this stifles the administration 

of some programmes the Performance Lag Address Programme. 
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  Parents are hardly involved in the assessment, placement and education of their children 

with learning disabilities.  

RECOMMENDATIONS 

Informed by the findings and conclusions of the investigation, the study recommends that: 

 In designing and implementing relevant services, teachers should fairly attend to the needs of 

diverse learners rather than focusing only on those students with dyscalculia and dyslexia. 

 Schools should allocate adequate time in the master time table so that programmes like in-class 

remediation may be effectively executed within the school working hours. 

 The government should allocate more budgetary resources to the Ministry of Primary and Sec-

ondary Education so as to increase in –service training workshops for teachers handling children 

with specific learning disabilities. This may compensate the few trained specialist teachers avail-

able in the country and Gwanda district in particular. 

 The Ministry of Primary and Secondary Education must plan capacity development workshops 

for supervisors of educational services and programmes meant for children with learning disa-

bilities. 

 The Schools Psychological Services/Special Needs Education department must plan and offer 

psycho-social support programmes to students placed in various remedial programmes inclusive 

of the Special class so that the effects of labelling and stigmatisation may be reduced. 

 The Ministry of Primary and Secondary Education must reduce the teacher- pupil ratio in regular 

classes so that attendance to individual needs of pupils would be feasible. 

 Schools should adopt a multi-disciplinary approach in assessing, designing and implementing 

individualised educational programmes meant for pupils with specific learning disabilities. 
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ABSTRACT  

This article investigates the extent of parental involvement in ECD programmes and the impact thereof 

on the quality of care in Harare primary schools as perceived by the school heads, ECD teachers and 

parents. The research is part of a larger study by the researcher on assessing the quality of ECD 

programmes in Harare primary schools in Zimbabwe. A qualitative research design using three in-depth 

interview guides for ECD parents, school heads and ECD teachers was undertaken with 30 participants 

from ten primary schools. Data was content analysed. The analysis included direct reports of the 

participants’ responses to in-depth interviews. The study revealed different views among school heads, 

teachers and parents on the level of parental involvement in ECD programmes in Harare primary schools 

in Zimbabwe. The study revealed that parental involvement in ECD was limited as some parents did not 

attend consultations and meetings. The study also highlighted that school development committees 

participated fully in decision making concerning ECD children.  Recommendations given were as 

follows: parents need to be encouraged by the school authorities to volunteer their services; parents may 

be invited as resource persons when teaching certain concepts; and awareness campaigns for parents 

may be held so that they see the value of their involvement. 

Keywords: Early Childhood Development, parental involvement, school development committee 

(SDC), school heads, teachers, parents, Zimbabwe, primary schools 

BACKGROUND TO THE STUDY 

Early Childhood Development (ECD) has emerged as a theme in international dialogue in education in 

recent years (Thomas & Thomas, 2009; Martinez, Naudeu & Pereira, 2012). The 1989 United Nations 

adoption on the rights of children began a more visible drive for Early Childhood Development (ECD) 

on the international stage (Soud, 2009; Hyde & Kabiru, 2003). Closely following this, the Education 

For All (EFA) initiative from the 1990 world conference on EFA in Jomtien Thailand, the 2000 World 

Education Forum, Dakar, Senegal and the development of the Millennium Development Goals (MDGs) 

in the United Nations have all led to an increase in government policies in the domain of ECD (Myers, 

2004; UNESCO, 2005; Soud, 2009). ECD is defined as the period from pregnancy and birth to the age 

of eight years (Christie, 2008; Thomas & Thomas, 2009). This is generally divided into pregnancy and 

peri-natal care which entails pre-natal care, attended births registration and post-natal care. It is made 

up of the 0 to 3 years stage which involves parent education, early stimulation, nutrition interventions, 

home based care and crèches (Thomas & Thomas 2009). The World Bank (2010) further states that ECD 

comprises of 3 to 6 year olds, and at this stage, there is parent and preschool education. Finally ECD 

also includes 6 to 8 year olds and is marked by transition to formal education and improved early primary 

school (Thomas & Thomas, 2009). The ECD concept thus encompasses everything from a child’s 

nutrition, health and hygiene to cognitive skills, social and emotional development (Christie, 2008).  
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The early years of the child are critical for the child’s stimulation, education and there is emphasis on 

healthy practices which are culturally appropriate and community based (Excell & Linington, 2011; 

Soud, 2009). The Early Childhood Development children referred to in this study are four to five year 

olds.  

In Zimbabwe, private preschools, according the Director’s circular 12 of 2005, are under the Infant 

Department and are supervised by the local school head of a nearby primary school who manages and 

supervises them. To cater for quality assurance, Director’s circular 12 of 2005, which is a policy 

document relating to the inclusion of ECD programmes in primary schools, specifies that the School 

Development Committees (SDCs) contribute towards the construction and furnishing of ECD centres 

and classrooms and also decide on the fees to be levied. 

Parental involvement in the preschool children’s education and care is associated with improved 

academic success (UNICEF, 2000; Zellman & Perlman, 2006). Parents are usually involved with the 

school through teacher-parent conferences, workshops, telephone conversations with teachers and 

through informal communications on the welfare of their children while picking up and dropping them 

off at school (Zellman & Perlman, 2006). In a study of parental involvement in Head Start programmes 

by Ackerman and Barnett (2009), parents who were found to be attending workshops and volunteer 

services created a positive relationship between the school and the parents. On the other hand, some 

parents found it difficult to be fully involved in the Head Start programmes due to their work schedules. 

As a result, such parents lacked understanding of their children’s need for social and physical contact, 

language and cognitive development. The same study highlights that there is an absence of disciplinary 

skills in children whose parents are unable to structure their home environments and which, in turn, 

affects the children’s learning processes in school (Young, 2003). Another study by Zellman and 

Perlman (2006) explains that more communication between parents and teachers is associated with high 

levels of quality child-care in classrooms.  

Parents’ volunteering of their services is another way for parents to take part in their children’s 

schooling. Parents who participate in school development committees (SCDs) get involved in decision-

making for the school. For example, Barnett (2004) says that parents’ involvement in school councils in 

the US enabled the committee members to understand ECD processes and this, in turn, educated the 

parents on the benefits of ECD education and care. Parents’ visits, their communication with service 

providers and their volunteering in the classroom, are important quality indicators (UNICEF, 2000). A 

survey conducted by Georgia University concluded that when parents were informed regularly about 

their pre-kindergarten children’s progress, a high percentage of them made an effort to chat with their 

children’s teachers regularly (UNICEF, 2000). Another study by Zellman and Perlman (2006) revealed 

that constant communication between parents and teachers was associated with more sensitive teacher-

child, parent-child and/or parent-teacher interactions. The current study sought to establish the rate of 

parental involvement in decision making in Harare primary schools. 

Parental involvement in ECD education and care is a quality indicator as shown by the development of 

school readiness in children (Kipkorir & Njenga, 1997). Ackerman and Barnett (2009), in a study of 

pre-kindergartens in Georgia, concluded that parental involvement can promote children’s school 

readiness, academic achievement and can lead to fewer behavioural problems. Miranda (2004), in an 

evaluation of Chicago public schools on child parent centres, agreed that parental involvement was 

associated with greater reading achievement and that these children were more academically successful. 
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Parental involvement in ECD settings entails parent-school communication which includes information 

sent home with children and informal meetings while dropping or picking children (Kipkorir & Njenga, 

1997; Ciumwari, 2010). Parental involvement also means the formation of SDCs responsible for the 

construction of ECD infrastructure as suggested by the Director’s Circular Number 15 of 2005 of 

Zimbabwe. Myers (2004) explains that when parents reinforce what is learnt at school, their children 

are able to master skills and concepts more easily. Quality ECD programmes are therefore enhanced by 

parental involvement in classrooms as resource persons or as volunteers assisting with field trips 

(Ackerman & Barnett, 2009). This study sought to ascertain the level of parental involvement in ECD 

education and care in Harare primary schools and its effect on the quality of ECD education. 

Parental involvement in ECD may be limited if goals are not clear (Zellman & Perlman, 2006) or if 

working parents have limited time to participate on advisory boards or in parent teacher programmes. A 

baseline study of Belarusian parent involvement by the World Bank (2010) shows that parents who have 

limited participation in school may lack parental skills and support systems.  

Voluntary participation by parents helps the school to function and cope with financial challenges 

(Zellman & Perlman, 2006) and parental involvement is associated with children having fewer 

behavioural problems and lower dropout figures (Zellman & Perlman, 2006). The current study sought 

to establish the influence of parental involvement on the quality of ECD programmes. 

Given the importance of involving parents in the ECD school, teachers and administrators instead devote 

less time to parent involvement (Zellman & Perlman, 2006) and yet it increases a child’s confidence 

which, in turn, promotes the child’s desire to learn (Govindasamy, 2010). Barnett (2004) notes that 

parental involvement in US schools contributes to the smooth transition of ECD learners to formal 

schools and prepares parents for later involvement in their children’s learning. The same study shows 

that parents who participated in the affairs of the school had higher aspirations for their children and 

were more satisfied with their children’s school performance. This gave their children positive 

encouragement to learn. Parental involvement may also inform parents about the curricula and 

expectations and might proxy good parenting and pride in their children’s achievements (Zellman & 

Perlman, 2006). Research has highlighted that, generally, parents who volunteer have more resources, 

including time, and are more likely to be involved in other aspects of their child’s lives (Ackerman & 

Barnett, 2009). The current study intended to establish the motive of parental involvement in ECD 

programmes. 

Parental involvement in school can be regarded as a means of integrating the children’s school 

experiences with those of the family (Govindasamy, 2010). Parents studied by Ackerman and Barnett 

(2009) noted that talking with the ECD teachers about their own personal problems gave them positive 

encouragement which, in turn, made them emotionally able to deal with their children’s learning and 

development. By spending quality time in the ECD centre through informal communication with the 

teacher, parents could also acquire valuable qualitative information about their children that could 

facilitate a smoother transition from school to home (Myers, 2004; Zellman & Perlman, 2006). For 

example, parents may adopt the behavioural control approaches that trained caregivers apply and this, 

in turn, will help them relate better to their children (Kamerman, 2006; Zellman & Perlman, 2006). 
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 A study by Zellman and Perlman (2006) concluded that children whose parents volunteered at the 

service provider were more likely to be securely attached to both the parent and the teacher and this 

boosted their self-esteem and improved their mastery of concepts and explorations. The study sought to 

establish the impact of parental involvement in the quality of ECD programmes. 

Parents who drop off and pick up their children should facilitate parent/staff contact (Zellman & 

Perlman, 2006) but if parents do not enter the centre, this partnership is not formed even though the 

parents and the teachers are pursuing the same goal (UNICEF, 2000). Inspite of the compelling reasons 

to involve parents, there appears to be no consensus concerning the best way to use the limited time that 

parents spend with teachers. In the morning, the parents are in a hurry and in the evening the caregivers 

are too busy to attend to the parents at length (Zellman & Perlman, 2006). ECD teachers who encouraged 

parents to visit the centre, provided parents with information about a sick child, gave parents ideas 

promoting healthy development and held parent teacher meetings at least once a year, promoted good 

behaviour in the children. This also improved parents’ perceptions of the ECD centres on the 

interpersonal relationships between the teachers and the parents (UNICEF, 2000). 

Teachers and parents should establish relationships that are partnerships formed on behalf of the child. 

The caregivers can help parents understand their children, foster learning and growth and discover 

accessible child-friendly activities (Zellman & Perlman, 2006). Parent involvement is often touted as a 

correlate of quality ECD education. Studies on parents volunteering in the ECD centres showed positive 

results (Hyde & Kabiru, 2003). On the other hand, if parental involvement is too high, it may be a sign 

that teachers are not performing well and parents want to cover up for that gap or parental involvement 

maybe because parents want to help out genuinely (Ailwood, 2003). The study sought to get in touch 

with the levels and motivation of parental involvement in Harare primary schools and its effect on 

quality ECD education. 

PURPOSE OF THE STUDY 

The present study sought to establish the extent of parental involvement in ECD programmes in ten 

Harare primary schools. Specifically the study sought to provide an answer to the main research ques-

tion: What is the extent of parental involvement in ECD programmes in Harare primary schools. The 

study is part of a larger study assessing the quality of ECD programmes in Harare primary schools in 

Zimbabwe. 

METHODOLOGY 

Design 

A qualitative research design was used for this study. The research design was preferred because it is 

the most appropriate design where perceptions of participants are sought in situ (Creswell, 2009). 

Denzin and Lincoln (2005) note that qualitative studies emphasise the natural settings, entities and 

processes that are not experimentally examined or measured in terms of quantity, amount or intensity. 

Since this study sought to observe the entities of teaching and learning processes in the natural settings 

of the ECD learning environment and describe the impact of parental involvement on the quality or lack 

thereof in ECD programmes in Harare primary schools, qualitative research was thus deemed suitable 

for this study. Patton (2002) states that in qualitative research, direct quotations and excerpts from 

interviews can be cited as they present the participants’ perceptions. In the present study, verbal quotes 

from ECD teachers, parents and administrators were relevant as they captured the participants’ 

perceptions of quality ECD programmes in relation to the extent of parental involvement.  
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However, qualitative research has its own weaknesses which include the bias created by the personal 

interpretations of the researcher (Patton, 2002).  

The disadvantage of subjectivity is that results are dependent upon the researcher's interpretations and 

descriptions. To counter the weakness of biases, the researcher tried to be as objective as possible in 

interpreting the data collected.  

 Sample 

A sample is a representative selected for a study whose characteristics exemplify the larger group from 

which it was selected (Patton, 2002:408; Denzin & Lincoln, 2005). The sample was purposively drawn 

from 10 primary schools in Harare consisting of 10 school heads, 10 ECD teachers and 10 ECD parents 

(14 males and 16 females). McMillan and Schumacher (2010) define purposive sampling as an approach 

whereby participants are selected because of the rich information they hold that is required to answer 

the research questions.The sample was purposively sampled in Harare urban because that is where the 

researcher resides. Only schools and school heads with ECD programmes, ECD teachers and ECD par-

ents were included in the sample. From each school, one ECD teacher of four to five year olds was 

interviewed. The school head or TIC formed part of the participants as administrators of ECD pro-

grammes. 

Instruments  

Three interview guides were prepared and used in this study. According to Gay, Mills and Airasian 

(2011), an interview is a purposeful interaction in which one person obtains information from another. 

In-depth interviews permit researchers to obtain important data that they cannot acquire from 

observation alone (Silverman, 2004).  The in-depth interviews were chosen for their ability to expose 

attitudes, interests and feelings (Gay et al. 2011). Interviews had the advantage that the researcher probed 

participants’ responses to in-depth data about their experiences and feelings regarding parental 

involvement in ECD programmes. There was an interview guide for parents intending to establish 

parental involvement and their general feelings towards the quality of ECD programmes at their 

respective schools. An interview guide was also created for school heads of the respective schools to 

establish the extent of parental involvement in ECD programmes. Another interview guide was created 

for ECD teachers to establish their views regarding parental involvement in ECD programmes. 

DATA COLLECTION PROCEDURE  

Permission to conduct the study was sought from the Ministry of Primary and Secondary Education. 

The researcher conducted the in-depth interviews after discussing the ethical issues with the participants. 

The researcher visited the purposively sampled schools and interviewed the participants at their 

convenient times. The school heads were interviewed in the morning, the teachers after dismissing the 

ECD children while the ECD parents were interviewed at the time of fetching their children. Permission 

to carry out the interviews was sought from the school heads. 

DATA ANALYSIS 

Data was content analysed as per each sub-research question. The analysis included tabulating verbatim 

the participants’ responses on parental involvement. 
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RESULTS 

The school heads’ responses to in-depth interviews on parental involvement as a quality indicator in the 

ECD learning environment. 

Data from the school heads’ responses to the in-depth interviews on parental involvement in ECD 

highlighted the fact that parental involvement was partly good.  

Parents paid their children’s tuition fees, were involved in fundraising, attended meetings and consulted 

with the ECD teachers on their children’s progress and this impacted positively on the ECD children’s 

care. The statements below highlight these views: 

“Parents pay the children’s tuition fees and this has a positive impact on the smooth running of 

the ECD programme” (Head participant 8). 

“Parents pay some money if children are meant to go to for field trips and this develops the 

child’s imaginative and creative skills” (Head participant 2). 

“Parents attend consultation days and this links child rearing patterns between the school and 

the home” (Head participant 5). 

“Parents’ buy and donate toys for ECD children thus making learning and play of ECD children 

possible consequently empowering them with life skills required for later economic 

empowerment” (Head participant 3). 

“Parents come for sporting activities of their ECD children and fundraising activities and this 

creates a family spirit which in turn creates social skills in the ECD children” (Head participant 

10). 

“School development committee members are involved in decision making and this creates good 

rapport between the school and the parents thus improving the quality of education and care of 

ECD children” (Head participant 4) 

The school heads further noted that some parents were not fully involved in ECD programmes and that 

this affected the quality of ECD programmes. Some parents did not participate in fundraising, sports 

days, pay tuition fees and consult the teachers on their ECD children’s progress impacting negatively 

on the quality of education and care of ECD children. The school heads also highlighted that, in some 

instances, they did not ask the parents to volunteer their services for security reasons. The statements 

below illustrate these views: 

“I do not ask the parents to volunteer to accompany the ECD children for field trips because 

they are not insured and they would concentrate on their children at the expense of the whole 

class” (Head participant 6). 

“When we call for meetings and consultation days some parents never turn up thus disturbing 

the learning and play of ECD children” (Head participant 7). 

“Some parents are not forthcoming in the payment of tuition fees and levies and this spoils our 

plans of making ECD programmes high in quality” (Head participant 1). 
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“Some parents do not participate in fundraising activities and this destroys the family spirit 

consequently affecting the development of social skills in our ECD children” (Head participant 

9). 

“Some parents do not participate in school activities and hence there is poor linkage between 

home and school thus affecting the quality of education and care of ECD children” (Head 

participant 4). 

The ECD teachers’ responses to in-depth interviews on parental involvement as a quality indicator 

in in the ECD learning environment 

Findings from the ECD teachers’ responses to in-depth interviews on parental involvement as a quality 

indicator showed that the parents were partly involved in ECD programmes though the teachers had not 

invited them to be resource persons. They noted that parents were involved in fundraising, donation of 

toys, toy making, attending parents’ meetings and consulted teachers formally and informally of their 

ECD children’s progress. The statements below highlight these views: 

“I ask the parents to donate play equipment and resources since the school administration are 

not forthcoming in buying these toys and they do so gladly which alleviates material resource 

shortages greatly” (ECD teacher participant 1). 

“If you look at the play areas, you can see that, all the equipments are different as they have 

been brought from different homes” (ECD teacher participant 9). 

“I invite parents for consultation formally and informally and most of them attend and this makes 

it easy for the ECD children to learn and play in a relaxed environment” (ECD teacher 

participant 2). 

“I ask parents to donate stationery and toys and they are very forthcoming which facilitates 

learning and play of ECD children” (ECD teacher participant 7). 

“I ask parents to help in toy making and they do so gladly, but I have never asked them to be 

resource persons here. However I realise that by not asking parents to be resource people I have 

deprived the ECD children of expert knowledge from different specialists we have here” (ECD 

teacher participant 4). 

The ECD teachers also further noted that some parents were not fully involved in ECD programmes. 

The ECD teachers highlighted that the parents did not donate the toys and materials like crayons, paints 

and also did not pay fees and trip fares for the ECD children. Children often talked about their parents’ 

contributions and those ECD children whose parents had not done any service to the school felt 

demoralised. The excerpts below highlight these views: 

“When asked to participate in school activities parents give excuses that, they are too busy which 

affects the children whose parents never assist negatively as the children tease each other about 

it” (ECD teacher participant 8). 

“Some parents do not donate toys as we would have agreed” (ECD teacher participant 3). 

“Some parents are not forthcoming in the toy making and I end up doing it with the same 

volunteering parents” (ECD teacher participant 6). 
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“Some toys donated are of poor quality and harmful to the ECD children even though I would 

have given them the specifications of the kind of toys I want” (ECD teacher participant 10). 

“Some parents do not come for consultation days I guess because they think this is all play and 

no learning is taking place and this impacts negatively on the quality of learning because the 

children lack informed parental support” (ECD teacher participant 5). 

ECD parents’ response to the in-depth interviews on parental involvement in ECD 

Findings from the parents’ responses to in-depth interviews highlighted that parents were partly involved 

in the ECD children’s education. The parents noted that they participated in fundraising activities of the 

school, paid the children’s tuition fees, helped with toy and chart making and donated toys. The 

statements below highlight these views: 

“As part of the SDC, I plan and attend parents’ meetings and children’s fun days and I feel that 

I am part of the school setup and decision making body” (Parent participant 9). 

“I participate in fundraising and I pay my child’s fees and this creates a very good rapport 

between me as a parent and the school and I feel that it impacts positively on my ECD child’s 

play, learning and development” (Parent participant 5). 

“I help with toy and chart making since our school cannot afford to buy adequate toys so we 

improvise and this way our goal of developing the child is achieved” (Parent participant 2).  

“I come for consultation days and I feel equipped as to how I should handle my ECD child in 

liaison with the ECD teacher” (Parent participant 10). 

“I donate toys here at school since the school cannot afford to buy adequate toys for our children 

and this improves the quality of learning and play of ECD children” (Parent participant 3). 

Parents further noted that some parents were not fully involved in ECD education and this had a negative 

impact on quality. These parents said that they were too busy to volunteer their services in ECD. In 

addition, some could not afford to pay the fees. The statements below illustrate these sentiments: 

“I hear the teachers complaining that some parents do not come for consultation days and I find 

it sad because they are missing out on this collaboration between the school and the parent” 

(Parent participant 8). 

“I find this programme all play so I hardly have time to play” (Parent participant 1). 

“I have no time to get involved in the ECD programme because my work place is so tight and 

the time they call for meetings is not practical for me but I feel that I miss out on my child’s 

development” (Parent participant 4).  

“Parents do not donate toys as required by the school for ECD children consequently limiting 

the toys limiting the play material against the number of children in the ECD class” (Parent 

participant 7). 

“As a committee member I notice that some parents are not participating in the ECD 

programmes like not paying their children’s fees which has a negative impact on the smooth 

running of the ECD programmes” (Parent participant 6). 

http://www.rcz.ac.zw/
http://www.rcz.ac.zw/


10th Zimbabwe International Research Symposium Book of Papers Presented (ISSN: 2412-2386) 

Published by Research Council of Zimbabwe   

Website: www.rcz.ac.zw   305 

DISCUSSION  

Findings on parental involvement showed that parents were sometimes fully involved in the education 

and care of ECD children through attending parents’ meetings, formal and informal consultation days 

and fundraising and volunteering services for the school.  

The findings concur with a Zambian study by Thomas and Thomas (2009) that revealed that parental 

involvement included attending workshops and volunteering services and that this created a positive 

relationship between the school and the parents. Full parental involvement, according to Kwela et al. 

(2000), was associated with academic success in Malawi. An earlier study by Barnett (2004) revealed 

that parental involvement in councils in the US enabled the committee members to understand the ECD 

processes and that this influenced and educated new parents. In a Kenyan study by OECD (2006), 

constant communication between parents and teachers was associated with more sensitive teacher-to-

child and parent-to-child and/or teacher interactions. Furthermore, Barnett (2004) revealed that parental 

involvement in Chicago promoted ECD children’s school readiness, academic achievement and led to 

fewer health problems. Zellman and Perlman (2006) also noted that having volunteering parents in 

Canada helped the schools to function better and to cope with financial challenges.  

The present study also revealed that parents were not fully involved in ECD education and care. Poor 

parental involvement in ECD programmes in the study was associated with the parents’ lack of time. 

ECD programmes were also regarded as a waste of time as parents saw it as all play, hence the poor 

participation. Poor parental involvement was also because the schools did not invite parents as resource 

persons or it may be associated with the parents’ negative attitude. The finding of the current study 

concurs with a Chicago study by Barnett (2004) who showed that parents found it difficult to be fully 

involved in ECD education and care due to their work schedules.  

CONCLUSIONS 

From the findings of the study, it can be concluded that: 

 The status of parental involvement was partly good and partly poor as;  

 some parents paid tuition fees while others did not 

 participation in fundraising activities was partly poor and partly good  

 the  schools left the parents out as resource persons  

 schools never invited parents to volunteer their services  

 some parents did not see the value of their involvement in schools 

 toy making and donation was positively and negatively responded to by the parents. 

RECOMMENDATIONS 

The quality of parental involvement in ECD programmes would be promoted by:  

 encouraging parents to volunteer their services; 

 inviting parents as resource persons when teaching certain concepts; 

 encouraging parents to pay up their tuition fees; 

 encouraging parents to participate in fundraising activities;   

 holding awareness campaigns for parents so that they recognise and appreciate the value of 

their involvement; and 

 urging parents to attend meetings and consultation days. 
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ABSTRACT 

This study sought to identify the motivation behind public service vehicle drivers’ non-compliance to 

traffic by-laws and regulations. This research addressed a problem that was faced by many on a daily 

basis but had not received due attention in the field of Psychology, specifically in Harare. Similar studies 

were conducted in other countries but the researcher sought to find out if similar findings would be 

reproduced. A qualitative research design was adopted in which descriptive, phenomenological data was 

collected. The population for the study was forty (N=40) and included drivers from the “Chicken Slice” 

and Rezende rank areas. The sample was taken from the population, based on convenience and consisted 

of ten participants (n=10). Key informants from relevant institutions were also consulted. The researcher 

found that target setting by employers is what motivated drivers to be non-compliant in most cases. 

Target setting and not having enough documentation motivates drivers to engage in reckless driving and 

other traffic violations. Corruption by the law enforcement agents was also found to perpetuate non-

compliance. It was noted that the traffic laws and regulations were not serving their purpose therefore, 

the researcher recommended that the laws and regulations be revised to actually address the problem, 

and that city planners take necessary action to provide a conducive environment for the drivers to work 

in. 

Keywords: motivation, traffic by-laws and regulations, passenger-carrying public service vehicle, 

compliance. 

1.0 INTRODUCTION 

This section gives the background to the study. It aims to place the current study into context and 

illustrate the aim of undertaking the research at hand. Prior studies of a similar nature are alluded to and 

how they relate to the current study. The problem at hand is also discussed, including the research 

questions, the objectives of the study and a justification of the study. The constraints and boundaries of 

the study are noted and ways that those challenges were curbed are mentioned. 

1.1 Background to the Study 

Just as transport systems become more and more important to people’s economic and social well-being, 

they also become more crowded and at higher risk of congestion, disruption and collapse. Technology 

and engineering can provide part of the solution, but the complete solution would need to take account 

of the behaviour of the users of the transport networks (1). That highlights the importance of this study 

and why it was undertaken. 

The Standard (2) reported a case of one person who was killed and six others injured when they were 

run over by a commuter omnibus that was fleeing police officers.  
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There have been several other reports on the deaths of many people that have been caused by passenger-

carrying Public Service Vehicle (PSV) drivers trying to evade the police because they were operating in 

non-specified termini/ranks. Such illicit behaviour has posed a huge risk to commuters and pedestrians 

and has led to a lot of property damage. The researcher, being a commuter and having had that 

experience firsthand, thus felt the need to explore the reasons for that behaviour in bus operators, and if 

strict enforcing of rules actually elicits obedience, conformity or compliance to rules of conduct. 

Studies of a similar nature have been conducted in South Africa and the Netherlands, and these 

highlighted a link between traffic offences and more serious crime. Clashes between law enforcement 

officers and drivers have also been noted. Yet another study by Teye-Kwadjo, Knizek and Rundmo (3) 

was undertaken in Ghana and similar behaviour of violating traffic laws was observed. Such 

observations illustrate how PSV drivers’ behaviour is an issue of concern, especially as the drivers 

provide a public service. Many people rely on public transport and if lives and property are to be 

protected, an in-depth study could provide enlightenment and give rise to solutions to the problem. 

1.2 Statement of the Problem 

The Harare city council has designated places for the loading and offloading of passengers. PSV drivers 

are expected to make use of those points but it has been noted that they do not adhere to these points. 

That has resulted in reports about the cat-and-mouse games between the police and PSV drivers. Thus, 

it was the thrust of this paper to find out why PSV drivers continue to engage in non-compliant behaviour 

which almost always leads to people being harmed. The researcher set out to find out the attitudes and 

motivations that lead to drivers’ engaging in the non-compliant behaviour of speeding, and picking and 

dropping of passengers at undesignated points. The researcher chose to look into that particular area as 

it affects the daily lives of many but also receives minimal attention in the field of psychology in 

Harare/Zimbabwe. 

2. RESEARCH OBJECTIVES 

The study aimed to: 

 Identify the impact that strict traffic laws and regulations have on PSV drivers’ road use 

attitudes and behaviour. 

 Explore why PSV drivers still operate at the prohibited places and continue to engage in 

other traffic violations. 

 Assess how necessary it is to put strict regulations on the loading and offloading points of 

passengers by drivers. 

 Analyse the effectiveness of law enforcement agents. 

 Highlight the sources of the problems and recommend possible solutions. 

2.1 Justification 

The study seeks to benefit the following groups: 

Participants (kombi drivers) 

Kombi drivers will understand why strict regulations are put in place and will be conscientised on the 

importance of following those regulations. 
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 Lives of commuters and pedestrians on the street will not be subjected to as much risk due to drivers’ 

ignorance. 

Traffic police force 

Traffic law enforcement may learn about new and effective ways of enforcing the law and regulating 

kombi drivers. They will also understand the motivation behind certain drivers’ actions and enforce the 

law in more effective and appropriate ways.  

Organisations and practitioners responsible for the management of drivers  

Kombi owners and managers could avoid property damage by encouraging drivers to abide to the law. 

By not trying to evade arrest all the time, unnecessary accidents can be avoided, thus less damage will 

be done to the kombis and other property such as shops. 

Health and safety practitioners (Traffic Safety Council of Zimbabwe) 

Practitioners will be able to design more programmes to train and educate kombi drivers and to influence 

policy makers to come up with laws and regulations that promote road safety. 

Ministry of Transport, Communication and Infrastructure 

The ministry will be made aware of the current problems so that resources may be allocated accordingly. 

Plans may then be made to better the situation, for example, funds may be provided for the erection of 

spaces specifically for kombis to avoid congestion in the Central Business District (CBD). 

Harare City Council and city planners 

Planners may consider creating more spacious roads or provide areas that are designated for the loading 

and offloading of commuters. 

The general public 

The study informs the public on the right way to board a passenger-carrying public service vehicle. 

Issues to do with the law and PSV drivers are made known to them for their own safety and information. 

Academia 

The study will also add to the existing body of knowledge in many other fields but more to the field of 

Traffic and Driving Psychology in Zimbabwe. The aspects of motivation and driving behaviour will be 

looked into, specifically in kombi drivers and their way of operating.  

3. METHODOLOGY 

This section outlines the research design used for the study. It discusses how the population and sample 

were selected. Data collection procedures and the ethical considerations taken into account are 

mentioned. The research instruments utilized are also discussed and justified. The data collection, data 

analysis and data presentation plans are discussed too. 

3.1 Research Design 

Qualitative research seeks to understand a given research problem or topic from the perspectives of the 

local population it involves (4). This study was qualitative, descriptive and phenomenological.  
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Under this qualitative research paradigm, a survey research design was adopted. It sought to describe 

the experiences of kombi drivers as they are lived by them.  

This research design proved favourable as it allowed the researcher to obtain culturally specific 

information about the values, opinions, behaviours and social contexts of the population. It explored 

why kombi drivers engage in some of the behaviours that they do. This research design also worked 

well with the chosen theoretical framework, Maslow’s Hierarchy of Needs which is in the humanist 

school of thought, and phenomenological in nature. 

3.1.1 Population and Sample 

The target population was commuter omnibus drivers in the Harare CBD operating in and around the 

illegal Chicken Slice area. (N= 40) 

The sample was drawn from within the population and included ten commuter omnibus drivers, five of 

which belonged to the Urban Commuter Operators of Zimbabwe (UCOZ), aged twenty-five and over. 

(n=10) 

3.1.2 Sampling Technique 

The researcher employed a non-random sampling technique, specifically, convenience sampling. This 

decision was made as it was difficult to find a kombi driver parked at illegal operating places all the 

time. The researcher thus, used a method that was most convenient. Participants were picked during 

their less busy hours of operation, that is, when they were parked at a rank, awaiting their turn to ferry 

passengers. Despite results from convenience sampling being difficult to generalize, the researcher used 

this technique as it proved to be the most suitable. 

3.1.3 Sampling Procedure 

The researcher approached the person in charge at the Mount Pleasant and Belvedere bus termini and 

asked them to inform the drivers of the researcher’s intentions. Having been informed, those willing to 

take part in the study notified the person-in-charge. That gatekeeper then organized the drivers to be 

interviewed by the researcher one at a time until the number of participants required was attained. 

 3.2 Research Instruments 

Data was collected through the use of semi-structured interviews with open-ended questions. These were 

favoured by the researcher because they allowed the participants room to bring up other issues that were 

unfamiliar to the researcher, leading them to probe and ask for some more information. The interview 

and discussion guide used to collect data for this study was used in a previous study (3) and was obtained 

from the corresponding author through personal communication via electronic mail. This instrument 

was modified in line with the current research questions. The instrument was translated from English to 

Shona, and then piloted so as to validate its usability. The interview and discussion guide contains 

thirteen items that assess driver attitudes and behaviour. 

One-to-one interviews were used particularly when a single representative, or key informant, was 

sufficient to give all the information required by the researcher. Such informants included one from the 

Traffic Safety Council of Zimbabwe (TSCZ), one from the Zimbabwe Republic Police (ZRP), one from 

the Harare City Council and another from the Ministry of Transport and Infrastructural Development. 
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Photographs were also used as they are a qualitative means of collecting data. These were particularly 

helpful to depict the situation within the termini in the Harare CBD. 

3.3 Data Collection Procedure 

In qualitative research, gatekeepers are used to assist the researcher in gaining access and developing 

trust with the community of study (4).A letter was obtained from the university to allow the researcher to 

carry out the study and it also helped as a tool to approach participants. The drivers were identified with 

the assistance of the rank marshal in this case. The researcher introduced themselves at a terminus and 

asked for drivers that were willing to participate in the study. The researcher then explained what the 

study was about and how long it would last so that participants could give verbal, informed consent. 

The session was recorded, with permission from the participant, and conducted in Shona. The interviews 

were recorded on a Nokia Asha 303 cell phone and they lasted between two to eight minutes. 

For interviews with key informants from formal organisations, such as the Traffic Safety Council of 

Zimbabwe, the procedure was done formally in their offices. The researcher approached the organisation 

and set an appointment with the appropriate official so as to receive expert input. 

3.3.1 Pilot Study 

A pilot study was conducted so as to determine how long the interviews would take. It was also done to 

assess if the questions/items on the instrument were eliciting the required responses and information. 

The researcher approached the drivers individually and asked if they were interested in taking part in 

the study. The drivers were given time to ask questions before they gave verbal consent. 

The sample for the pilot was chosen using purposive sampling. It was taken from the population of PSV 

drivers working in the Harare CBD and it consisted of five PSV drivers who operate at corner Chinhoyi 

Street and Kwame Nkrumah, commonly known as Chicken Slice. The drivers plight the city-Belvedere 

route. Interviews were conducted in Shona and they lasted for two to eight minutes. All five interviews 

were done at the last stop in Belvedere and were done sitting on the driver’s kombi whilst recording 

them. 

One limitation encountered was some drivers not taking the researcher seriously. Some drivers however, 

were willing to take part but their interviews were interrupted by the demands of their job. They would 

leave before the end of the interview because their turn to ferry passengers to town had come. The 

researcher however dealt with this problem by choosing parked drivers at a rank who were at the back 

of the line, waiting for their turn to load their vehicle. 

From the pilot study, the researcher found that some items needed to be omitted because they elicited 

the same information from the participant. It was however justifiable to leave the items on because the 

instrument is a discussion guide, meaning that the researcher could choose whether or not to ask the 

questions during the interviewing process. 

3.4 Data Presentation and Analysis Procedures 

Since the data was collected using a cell phone, the audio files were in Adaptive Multi-Rate format, 

commonly known as AMR. AMR is a file conservatory that most cell phones save audio files in a 

compressed state.  
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The audios could not be listened to on the computer because of their format. The researcher thus had to 

change the format from AMR to MP3. An AMR to MP3 converter was used to change the files’ format 

so that they could be listened to, from a computer.  

All collected data was transcribed by the researcher so as to have a written/typed, printable record of the 

audio which is particularly useful for annotations during data analysis. This was advantageous as the 

researcher was the same person who collected the data, thus, leaving no room for misinterpretations and 

ambiguities by another transcriber/transcriptionist.  

The data collected in Shona was translated from Shona to English during analysis. The Nvivo program 

was used to help in identifying themes within the data. Data was analysed at the descriptive level and 

also done manually, with the researcher using different colour highlighters to represent different 

categories or themes. Content analysis was used to scrutinize the data as it allows for the identification 

of themes. Common and recurrent themes were taken note of and coding of those themes was necessary. 

Data was tabulated and flow charts produced. Photographs were also used to present and analyse the 

data. 

3.5 Ethical Considerations 

Informed Consent 

Having introduced the study, the researcher sought verbal informed consent from the participants. 

Participants were told what the study entailed so that they could have information to guide their decision 

to partake in the study.  They were told how long the study would take, how long the interviews would 

be and how they would benefit from the study. Written consent was however sought from key informants 

in formal organisations so as to have a documented record. Both researcher and informant had copies of 

the signed form. 

Voluntary Participation 

No coercion was used. Participants were ensured that no one was being forced to take part in the research 

and that one had to do it on their free will or out of choice. 

Right to Withdraw 

Participants were made aware that they could withdraw from the study at any point they wished to do 

so. They were not forced or coerced to complete the study. 

Anonymity 

To ensure anonymity, participants were allowed to use pseudonyms. The use of pseudonyms would also 

protect them if the divulged information ended up in the wrong hands. The participants could not be 

easily recognised from what they said. 

Privacy 

To ensure privacy, the interview sessions were done on the driver’s vehicle to avoid interruptions, with 

the researcher and the driver alone but in a public place to protect the researcher’s safety. 

 

http://www.rcz.ac.zw/
http://www.rcz.ac.zw/


10th Zimbabwe International Research Symposium Book of Papers Presented (ISSN: 2412-2386) 

Published by Research Council of Zimbabwe   

Website: www.rcz.ac.zw   314 

Confidentiality 

The researcher informed participants that the information collected was solely for that research and for 

use by the researcher only. They were assured that all the information they gave would not be used 

against them or divulged to other people. 

Recorded proceedings and transcribed data were kept in the researcher’s personal computer (laptop) 

which only she had access to, as it had a password and other security measures put in place. The 

recordings are to be disposed of three years after the study by permanently deleting them from the 

recorder and the laptop. Printed transcripts are to be shredded. 

4. FINDINGS 

Risk Perception and Road Use Attitudes 

The drivers seemed to be aware of the dangers of aberrant driving. That was evident in their responses 

to questions concerning how they feel about getting involved in accidents and becoming injured or, 

hitting someone else and injuring or killing them. The awareness of the risks of aberrant driving does 

not however seem to deter them from engaging in that behaviour. Money and meeting the employer’s 

expectations are still the primary motivators, as stated by one, “We can die! We know but there’s nothing 

else to do. It’s a matter of money”.  

Thoughts and Attitudes towards the Regulations 

There is a general understanding of the law and regulations amongst kombi drivers. They are aware of 

the regulations that govern or should control their behaviour. Other drivers see the regulations as merely 

restrictive whereas others think that there is no problem with the regulations and by-laws if they are 

effectively upheld. 

Other themes arising included long working hours, not going through the proper process of attaining a 

driver’s licence, overexcitement, not having enough documentation/ evading law enforcement agents, 

not properly fixing or maintaining vehicles, picking up people and parking at undesignated places, 

driving under the influence of liquor or drugs, corruption and selective application of the law, and 

negative attitudes towards law enforcement (agents). 

5. DISCUSSION  

Objective 1. Identifying the impact that strict enforcement of traffic laws and regulations has on PSV 

drivers’ road use attitudes and behaviour. 

As a result of proper enforcement of laws and regulations, the incarceration of offenders is supposed to 

act as a deterrent for similar behaviour in other people. In Harare however, this enforcement does not 

stop PSV drivers from bad driving behaviour. The desire to meet basic needs, as proposed by Maslow, 

pushes drivers to engage in undesirable behaviour as a means to an end. The findings have shown that 

having traffic laws and regulations does not readily elicit compliance in PSV drivers. Even enforcing 

them in a strict manner does not cause obedience in behaviour. If anything, the regulations actually seem 

unreasonable to the drivers and cause some drivers to feel challenged thus, act in retaliation. The traffic 

law enforcement is however, ineffective and that has been noted to increase the risk taking and risk 

tolerance levels of some road users (5). 
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Objective 2. Exploring why PSV drivers still operate at prohibited places and continue to engage in 

other traffic violations. 

It was noted that drivers still operate at the prohibited places because they see other kombis going there 

and leaving untouched.  

Those kombis are usually said to belong to law enforcement agents. This selective application of the 

law seems to be a consistent finding in prior researches done in other countries (3;5). Another reason 

for the continued non-compliance is the need to be regarded by the employer as competent. One driver 

commented, “Unogona kunzi basa rapera nekuti mari hauikwanise. Saka better kungoenda nzvimbo 

dzisingabvumirwi” which translates to “You can be told that you no longer have a job because you are 

not managing to meet the target. So it’s better to go to the undesignated places”. Drivers end up stopping 

anywhere so as to meet the required target for the day. The drivers earn on commission, therefore, one 

has to make extra money, in any way possible, so as to earn extra cash and be able to take some money 

home for their families. 

Some employers do not take proper care of their vehicles, which leaves the drivers responsible for that. 

Despite the vehicle being in bad condition, the driver is still expected to make the target, which in turn 

pushes them to engage in traffic violations such as speeding, or picking and dropping off passengers 

anywhere along the way.  

Objective 3. Assessing the necessity of strict regulations. 

Key informants stated that it was necessary to have those regulations as they maintain order and regulate 

behaviour in the drivers. This is however applicable if the drivers are in actual fact compliant. The 

drivers had a general appreciation of the regulations. Some saw the necessity of those regulations 

whereas some did not see the need for them. Other drivers see the regulations as merely restrictive 

whereas others think that there is no problem with the regulations and by-laws if they are effectively 

upheld. This finding was also noted in Chamlin & Cochran’s (6) study which highlighted that when 

social structures fail to provide sufficient means to achieve success in the prescribed fashion, an increase 

in the rate of crime is the anticipated result. 

Objective 4. Analysing the effectiveness of law enforcement agents. 

Drivers complained that the police move away from their core duty of enforcing road traffic regulations, 

to the extortion of money from motorists. This finding is similar to that of a study carried out in Kenya 

(5). It was said that authorities erect ‘no parking’ and ‘no stopping’ signs on almost every part of the 

roadway but the same officials have failed to provide them with bus stops. One driver stated that “Second 

wese anonzi haabvumidzwe kudzikisa munhu. But munhu anokwira achiti ada kudzikira panaFive kana 

panaChinamano, ndoopaanogara. MumaAvenues ka muye handiti…” which when translated means, 

“We are told that passengers are not supposed to alight in the whole of Second Street but a person boards 

the bus saying that they want to get off in Five Avenue or Chinamano because that’s where they stay, in 

the Avenues.” There was however little mention of the smashing of windscreens by police officers and 

kombi-police chases, as noted in the literature, which may suggest a reduction of that behaviour in the 

law enforcement agents. 
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Objective 5. Highlighting the sources of the problems. 

The majority of drivers attributed the problem to the small number of designated stopping points in the 

CBD. Some also stated that the gazetted ranks are too small to cater for the large number of vehicles as 

shown in Figure 1. This seems to be a common problem in other African countries too, for example in 

Ghana, as noted by Kennelly (7). The only difference may be that there are larger markets that also take 

up space in the bus stations in Ghana unlike Zimbabwe. 

 

 

Another source of the problem was the working conditions of the drivers. One such issue is the targets 

set by employers which also lead to long working hours. In order to make the target and a few extra 

dollars, the drivers are forced to behave in the way that they do. Psychologically, stress and fatigue 

give rise to distracted driving (3). Also, the drivers are not entitled to annual leave, social security 

benefits, and can be laid off at any time. That, as noted by Nafukho & Khayesi (8), seems to explain 

their risk willingness and risk acceptability. This finding is in line with the theoretical framework which 

states that if a need is unmet, people are motivated to adopt instrumental ways to help them satisfy that 

need and alleviate tension, allowing the individual to then focus on higher needs, such as safety and 

security. 
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Figure 1.  Aerial View of Copa Cabana  
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Figure 2 illustrates and summarises the major findings of the study. It was noted that non-compliance to 

traffic by-laws and regulations comes about as result of inconsistent law enforcement. As noted above, 

there is selective application of the law which causes the drivers to sometimes take chances and go to 

places where the law enforcers are absent at that moment. There is also utter disregard of the law as 

some drivers have a negative attitude towards law enforcement that translates into rebellious behaviour. 

An effect of the non-compliance was aberrant driving which leads to people being harmed as a result of 

drivers trying to evade the police and council authorities because they do not have the required 

documentation. Due to not having the needed documents, informal bus stations are formed and those 

also help in the meeting of targets as drivers do not have to wait in ranks. Trying to meet the target leads 

to non-compliance to rules and sometimes even, long working hours.  

6. CONCLUSIONS 

In view of the findings, it was concluded that the regulation about not stopping at prohibited places 

serves no purpose as PSV drivers do not adhere to it.  

The researcher noted that drivers lose money through paying some law enforcement agents whose 

corruption perpetuates the non-compliance because they stand to gain from the drivers’ misbehaviour.  

Due to selective application of the law in some cases, other drivers have a negative attitude toward law 

enforcement and that is what causes them to continue being rebellious. 

Figure 2.  Flow Chart of Major Findings 
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It is necessary to have regulations so as to maintain order but at the same time, requirements, such as 

bus stops and ranks, should be provided for drivers to work in a conducive environment for their type 

of work. 

It was also concluded that law enforcers and regulators are not very effective in dealing with the issues. 

7. RECOMMENDATIONS 

Recommendations were made in relation to the objectives of the study. After deliberating on the results 

of the study, the researcher put forth the following suggestions. 

 There is need for a transformation of the ownership and management of PSVs from 

individual investor and association, to company ownership and management. If PSVs are 

managed by a company, there may be better accountability and less rowdy behaviour. 

 The researcher recommends road safety awareness efforts targeting various stakeholders. 

These stakeholders include pedestrians, commuters and the drivers. Workshops can also be 

held to educate law enforcement agents on how to effectively deal with non-compliant PSV 

drivers. 

 There is also a need for the revision of target setting by owners and the introduction of fixed 

pay rates. If there are fixed pay rates, drivers may be less motivated to engage in risky 

behaviour because they would still earn some money after all their work, as opposed to 

earning on commission.  

 Workshops can also be conducted with owners so as to conscietise them on the impact of 

their imposed target on public safety as well as that of the PSV drivers. 

 There is need to address the problem of corruption in regulatory and enforcement bodies. 

That may be done through the introduction of a mechanism that exposes the corrupt driver 

and law enforcement agent. 

 The researcher recommends tackling the structural antecedents of the problem, for instance 

by providing more bus stops. City planners can come up with ways of improving roads, 

congestion and traffic flow, as well as revising their by-laws and regulations. The Ministry 

of Transport and Communication can also be involved in the revision of laws and the 

allocation of necessary resources. 

The researcher however, noted that some of the incidental bus stops, Chicken Slice for example, may 

need to be made official because passengers keep going there and it seems to be a central or convenient 

place. Due to this behaviour in passengers, drivers are forced to go there because that is where there is 

a demand for their service. Officialising these points may also bring a reduction in the incidences of 

accidents that occur as a result of running away from arrest.  

8. Directions for Future Research 

This research looked at PSV drivers of fourteen-seater commuter omnibuses. There are however other 

unregistered PSV drivers that operate in a similar manner but use small private vehicles. Subsequent 

research should attempt to fill this gap. 

This study was of a qualitative nature. Future research may use quantitative methods and be able to use 

a larger population and sample. 
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ABSTRACT  

The effect of air pollution from traffic activities on epiphytic lichens abundance, cover, lead (Pb) 

concentration and tree bark pH were investigated on sixty-four trees along selected roads linking Harare 

urban. Sampling of epiphytic lichens was carried out on Brachystegia speciformis trees in six polluted 

and two control sites. In total, 9 species of epiphytes were found in all the sampling sites. Parmelia, 

Physica milligrana and Lecanora Conizaeiodes were good accumulators of lead (Pb) and can therefore, 

serve as biomonitors of air pollution in Harare. The epiphytes were shown to be concentrated on the 

north and north-eastern parts of Brachystegia speciformis. It was established that the closer the trees are 

to the road, the lesser epiphytic lichens they contain, but the more lead (Pb) the lichens contained in 

their thalli. An increase in elevation, tree circumference and canopy cover caused an increase in 

epiphytic lichens abundance. It was established that epiphytic lichens in high traffic density areas 

contained more lead (Pb) in their thalli than those in low traffic density areas. There was no relationship 

between bark pH and epiphytic lichens abundance. It was concluded that, traffic related air pollution 

and environmental variables greatly influenced epiphytic lichens abundance, cover and lead (Pb) 

concentration. It was recommended to have a comprehensive programme for monitoring air pollution 

from traffic activities, relocation of fruit and airtime vendors from roadsides and banning of farming 

activities near motorways. It is also time Zimbabwe curtail the use of unleaded fuel and catalytic 

convertors as per the vision of the SADC regional framework on air pollution. 

Keywords: lichens, air pollution, biological indicators 

1. INTRODUCTION 

1.1. General Introduction  

Lichens are successful symbiotic organisms, constituting over 8% of the earth’s vegetation (Brodo et al. 

2001; Purvis 2000). The use of lichens in biological monitoring is based on the distribution, diversity 

and abundance of species in particular host plants in polluted areas (Burton 1986). Their distribution, 

therefore, varies in time and space.  An analysis of epiphytic lichens community change near busy roads 

and the particular pollutants they contain can provide an overview of the degree of environmental 

contamination (Burton 1986). The contamination caused by heavy metals is a major problem, and 

roadside environments are not an exception. The vehicle exhaust fumes released contain lead (Pb) which 

is highly toxic to living things in varying quantities (Affum et al. 2008; Walkenhorst et al. 1993).  
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The contamination of roadside environments is a serious problem in both developed and developing 

countries (Affum et al. 2008). The use of bio-monitors is now strongly recommended since it adds to 

the limited data derived from physico-chemical gauges (Keddy 1991). The city of Harare is experiencing 

rapid population growth which is highly associated with urban traffic congestion. The large population, 

with a strong penchant to the use of automobiles, coupled with the concentration of most of the economic 

industries in the city, has led to environmental problems. The roads which were free from traffic 

congestion are now conveying large traffic volumes. This situation is more pronounced during “rush 

hours”.  Recent studies by Mujuru et al. (2012), have linked urban air pollution to chronic health 

problems like cardiovascular and cardio-respiratory deaths. The distribution and frequency of lichens in 

relation to air pollution are fundamental in understanding sensitivity of indicator species. The present 

study sought to understand the significance and application of epiphytic lichens as a bio-monitoring tool 

in the assessment of vehicle derived pollution. In Harare, the Enterprise, Bulawayo, Seke, Richwell 

Avenue and Kirkman roads experience significantly higher traffic volumes compared to other roads in 

the city (Per. Obsv.). Assessment of these roads for air pollution would, therefore, provide an indication 

of the level of vehicle based pollution in the city of Harare and its periphery.  

1.2. RESEARCH AIMS AND OBJECTIVES  

1.2.1. General Aims  

The study investigated the effect of automobile generated lead (Pb) pollutants on the environment by 

assessing epiphytic lichens abundance and cover on Brachystegia speciformis.  

1.2.2. Specific Objectives  

Specific objectives of the study were:  

 To establish the nature of change in epiphytic lichens abundance and cover on Brachystegia 

speciformis across a pollution gradient (distance from road). 

 To determine the most suitable epiphytic lichen species that can be used as biomonitors of 

air pollution. 

 To test the effect of elevation, tree circumference, canopy cover and aspect on epiphytic 

lichen species abundance and cover. 

 To determine the relationship between traffic density and epiphytic lichen  lead (Pb) 

concentration.  

 To explore the relationship between bark pH and epiphytic lichens species abundance and 

cover. 

2.0. MATERIALS AND METHODS  

2.1. Introduction 

The evaluation of air pollution in roadside environments is a cumbersome process and hence, a simple 

procedure using lichens as biomonitors was carried out in order to establish current state of air pollution 

in selected roadsi17de environments linking Harare urban. The process involved field and analytical 

procedures.  
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The field procedures involved collection of environmental data (site vegetation data and tree site 

elevation), tree characteristics (circumference and canopy cover) and then the collection of data on 

lichens abundance and cover. Eight sites were used in the study. The different study sites acted as 

treatments. The lichens collected were analysed in the laboratory for lead (Pb). 

2.2. Sampling procedure 

2.2.1. Sampling design  

The sampling procedure involved the identification of roads with heavy and low traffic for data 

collection. The study used six sampling points with heavy and low traffic and then, two control sites. 

For the road sites, the areas that were very close to the major highways linking Harare urban (Bulawayo 

Road, Enterprise Road, Kirkman Road, Richwell Avenue and Seke Road) were chosen. Boulton 

Atlantica and National Botanical Gardens served as references since they areas are far away from traffic. 

The areas were selected on the basis of their proximity to the road and having Brachystegia speciformis 

and that, the locality was directly affected by motor vehicle emissions. An area of 10 x 40m were created 

and the Brachystegia speciformis that were in the zone were assessed for lichens. In order to ensure 

comparable environmental conditions the trees that had a well-established trunk, erect, undamaged and 

free standing were used. The lichens were taken for further analysis.  

2.2.2. Site data  

The site data were measured in the field. The geographical coordinates of each site and the elevation on 

which each tree occurred were recorded using a Geographical Positioning System (GPS). The distance 

that each sampled tree occurred from the yellow tar mark of the road was measured using a tape measure. 

The vegetation within the site was also noted.  

2.2.3. Tree characteristics measurement  

Tree circumference and canopy cover were measured. The cardinal exposure on which most epiphytic 

lichens were most concentrated was classified into eight categories (N, NE, E, SE, S, SW, W and NW).   

2.2.4. Epiphytic lichens cover and abundance  

The epiphytic lichens cover on the trees was measured using a cylindrical quadrat (tree circumference 

by 20cm) that was established at 1m from the ground. An acetate transparent projection film paper (30 

x 20 cm) with the sampling grids (2x 2cm²) was placed on a trunk of Brachystegia speciformis tree. The 

numbers of completely filled grids were counted.  

2.2.5. Lichens identification  

Lichens were identified in the field with the aid of a hand lense. Identification keys by Brodo & Craig 

(2001), were used. The epiphytic lichens were identified to the genus level and species levels where 

possible.   

2.2.6. Lichen collection  

The different species of epiphytic lichens falling within the (tree circumference x 20cm) cylindrical 

quadrat at a height of 1m from the ground were collected using disinfected knives. The lichens were 

bagged into small polythene bags.  
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The lichens were handled using disposable plastic gloves to avoid contamination.  

2.2.7. Tree bark collection  

In the study sites, 64 samples of tree bark were collected using a hammer and a chisel and placed in 

labelled polythene bags. The bark of the tree was collected at a height of 1m from the ground in the (tree 

circumference x 20cm) cylindrical quadrat. Epiphytic lichen remnants were removed from tree bark to 

avoid their influence on pH value.  

2.2.8. Soil sampling  

In the 10 x 40m zone, soil samples were taken from the top 0-5cm at the base of the same tree sampled 

since atmospherically deposited pollutants seem to accumulate there.  

2.2.9. Traffic density  

Traffic density was used to assess the amount of exposure of the site to traffic emissions. The traffic 

density was measured using a tally counter during the peak period 1630 and 1730 hours.   

2.2.10. Tree bark pH measurement  

About, 2g of tree bark sample was weighed and 10ml of deionized water added. The mixture was shaken 

for 1hr and left overnight. The pH was measured using a pH meter (Jenway 4d10 model), calibrated 

with buffer pH 7 and pH 4. The pH meter electrode was rinsed after each pH measurement.  

2.2.11. Lead (Pb) determination in lichens and soil  

In the laboratory, epiphytic lichens and soil samples were air dried to constant weight and pieces of bark 

and extraneous materials collected with the epiphytic lichen thalli and soils during field sampling were 

removed. The lead (Pb) in the lichens and the soil was determined by Atomic Absorption 

Spectrophotometer (AAS). 

2.2.12. Field Procedure  

 

Figure 1. A diagrammatic illustration of measuring epiphytic lichens cover on a tree (Taken by Fadziso 

Mandaza, 2012).  
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3.0. STATISTICAL ANALYSIS 

Epiphytic lichens abundance for each lichen species was determined by counting the total number of 

the epiphytic lichens of that species on the tree. The variables for analysis were epiphytic lichens species 

abundance, cover, lichen lead (Pb) concentration, bark pH and soil lead (Pb) concentration. All the 

epiphytic lichen species and environmental data from the 8 sites were entered into a Microsoft Office 

Excel database and were analyzed using Statistical Package for Social Science (SPPS) version 16 and 

STATISTICA version 6. STATISTICA version 6 and Microsoft excel were used for the construction of 

the graphs. The analysis of variance was carried out using one-way ANOVA to compare the various 

groups according to each parameter. One-way ANOVA establishes whether significant differences exist 

in the epiphytic lichens data and between sites. The relationship between epiphytic lichens data and 

environmental variables was assessed using canonical analyses. Epiphytic lichen species cooccurrence 

was illustrated using cluster analysis in STATISTICA. Principal component analysis (PCA) and cluster 

analysis was used to describe general relationship between sites.   

4.0. RESULTS  

4.1. Epiphytic lichens species composition at sampling sites 

4.1.1. Epiphytic lichens species  

Table 1.  Abundance of epiphytic lichens species at sampling sites  

The codes used for the sites; Kirkman (Kirkman Road), Richwel (Richwel Avenue), E. Craig  

(Enterprise-Craigstone), E. Hay (Enterprise- Hayhill), Byo (Bulawayo Road), Seke (Seke Road), B. Gar 

(Botanical Gardens), B. Atla (Boulton Atlantica) and for the species; Lobaria (Lobaria spps), Parmelia 

(Parmelia spps), H. physodes (Hypogminia physodes), L. coniza (Lecanora conizaeiodes), Usnea 

(Usnea spps), P. milligr (Physica milligranna), P. ambig (Parmeliopsis ambigua), L. purica (Lecanora 

puricaris) and Cladonia (Cladonia spps).  

Species  Kirk

man  

Richwe

l  

E.Crai

g  

E.Hay  Byo  Seke  B.Gar  B.Atla  

Lobaria  50  49  36  75  20  24  62  31  

Parmeli

a  

0  0  35  55  54  76  79  61  

H.physo  0  64  6  0  4  0  2  15  

L.coniza  8  13  2  26  2  10  7  3  

Usnea  0  0  3  9  0  0  0  2  

P.milligr  58  27  3  0  0  0  0  0  

P.ambig  30  0  0  0  0  0  0  0  

L.purica  0  0  0  0  0  4  0  0  

Cladonia  0  

A total of nine epiphytic lichen species were recorded at the eight sampling sites. Species richness varied 

from 4 to 6 taxa per locality. The minimum number of epiphytic lichens species recorded on a tree trunk 

was 0 and the maximum number was 5.  
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Five epiphytic lichens species per tree were recorded twice. The total number of recorded epiphytic 

lichen species was highest in areas with high traffic densities (Bulawayo road and Enterprise road). 

Enterprise-Craigstone had the highest species richness of six. Lobaria was the most abundant species at 

all the sites, followed by Parmelia and then, Lecanora conizaeiodes. Lecanora puricaris and Cladonia 

were found in less abundance on the Seke Road site. Parmeliopsis ambigua was only found at Kirkman 

Road (Table 1).  

 
Figure 2. Box plot showing epiphytic lichens abundances for the eight sampling sites  

Botanical Gardens had the highest abundance epiphytic lichens of all the sites. The circles and the stars 

represent outliers for all the sites. All the sampling sites had outliers except the Botanical Gardens. For 

the Bulawayo road site, the interquartile range in abundance of the epiphytic lichens is very short 

compared to the other sites. There is positive skewness for the Enterprise-Hayhill site as the median lies 

closer to the lower quartile.   
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Figure 3. Box plot showing epiphytic lichens lead (Pb) concentration for the eight sampling sites  

Seke Road and Boulton Atlantica were the only sites with outliers. Bulawayo Road and Boulton 

Atlantica have the median that is closer to the lower quartile which gives rise to positive skewness. 

Epiphytic lichens with less lead (Pb) concentration are found closer to the road for these two sites.  
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Figure 4. Graphs of epiphytic lichens and their respective lead (Pb) concentration for the eight sites (a) 

Kirkman Road, (b) Enterprise-Craigstone, (c) Bulawayo Road, (d) Botanical Gardens, (e) Richwell 

Avenue, (f) Enterprise-Hayhill, (g) Seke Road, (h) Boulton Atlantica.  

The lead (Pb) content of Parmelia species was highest in all the sites that the species was recorded. The 

sites are Enterprise-Craigstone, Enterprise-Hayhill and Bulawayo road.  
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Parmelia species accumulated lead (Pb) in the range 39.5 to 135mg/kg in these sites. In the sites 

(Enterprise-Hayhill and Boulton Atlantica) where Usnea species was present, it had the lowest lead (Pb) 

concentration of all the species present. Lobaria species was present in all the sites and had the lowest 

lead (Pb) content in reference sites (National Botanical Gardens and Boulton Atlantica). Parmelia 

species, Physica milligranna and Lecanora conizaeiodes can therefore, serve as a good biomonitor of 

pollution as the species can accumulate lead (Pb) emanating from traffic activities. The species 

accumulated lead (Pb) in their thalli in the range 101.25 to 135mg/kg (Figure 4). The accumulating 

capability of the epiphytic lichens with distance from the road (source of pollutant) is further illustrated 

graphically in figures 5, 6 and 7.  

  
Figure 5. A scatterplot showing the relationship between Parmelia species abundance and lead (Pb) 

concentration with distance from the road.  

There is a strong positive correlation between abundance of Parmelia species and distance from the road 

(R²=0.9116). The abundance of Parmelia species is increasing with distance from the road. There is a 

negative correlation between Parmelia lead (Pb) concentrations with distance from the road. The lead 

(Pb) concentration of Parmelia species decreases with distance from the road (Figure 5).  
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Figure 6. A scatterplot showing the relationship between Lecanora conizaeiodes species abundance and 

lead (Pb) concentration with distance from the road.  

There is a negative correlation between Lecanora conizaeiodes lead (Pb) concentration with distance 

from the road. The lead (Pb) concentration of Lecanora conizaeiodes species decreases with distance 

from the road. There is no correlation between Lecanora conizaeiodes species abundance and distance 

from the road (Figure 6).  
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Figure 7. A scatterplot showing the relationship between Hypogmnia physodes species abundance and 

lead (Pb) concentration with distance from the road.  

There is a positive correlation between abundance of Hypogmnia physodes species and distance from 

the road (R²=0.62). The abundance of Hypogmnia physodes species increases with distance from the 

road. There is a negative correlation between Hypogmnia physodes lead (Pb) concentrations with 

distance from the road. The lead (Pb) concentration of Hypogmnia physodes species decreases with 

distance from the road (Figure 7).  
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5.0. Multivariate analysis  

5.1. Cluster analysis of epiphytic lichens species co-occurrence 

 

Figure 8. Cluster analysis of epiphytic lichens abundance with single Euclidian distance as a measure 

of similarity.  

Cluster analysis, using single linkage Euclidian distances as a measure of similarity was used to reveal 

the co-occurrence of epiphytic lichens species. The analysis revealed one main group A, containing a 

greater number of epiphytic lichens species in the sampling stations. The small groups that formed early 

in the hierarchy were ignored and one group was finally recognized (Group A). Group A include 

epiphytic lichens species Physica milligrana, Parmelia ambigua. Cladonia, Lecanora puricaris, Usnea, 

Lecanora conizaeiodes. The epiphytic lichen species Hypogmnia physodes, Parmelia and Lobaria were 

not part of any group (Figure 8).  
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5. 1.2.  Principal Component Analysis (CA) 

 

Figure 9. Principal Component Analysis (PCA) biplot of sampling sites in relation to measured variables 

The Principal Component Analysis (PCA) biplot shows that, site 1 (Kirkman Road) and site 4 

(Enterprise Road- Hayhill) are similar. Site 6 (Seke road), site 3 (Enterprise- Craigstone) and site 5 

(Bulawayo Road) are similar and therefore, form one group. Site 2 (Richwell Avenue), site 7 (Botanical 

Gardens) and site 8 (Boulton Atlantica) were not part of any group (Figure 9).   

5.1.3. Cluster analysis showing related sites  

A single linkage with Euclidian distance cluster analysis was carried out to further explore the 

relationship shown by Principal Component Analysis (PCA) across the sampling sites.   
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  A     B  

Figure 10. Cluster analysis of sampling sites with single Euclidian distance as a measure of similarity. 

The variables used are traffic density, distance from road, elevation, tree circumference, canopy cover, 

bark pH, aspect, lichens abundance, lichens cover and lead (Pb) concentration.  

Cluster analysis applied to sampling stations revealed the presence of 2 main groups as in Principal 

Component Analysis (PCA). Cluster A, included the sites Boulton Atlantica, Botanical Gardens and 

Richwell Avenue which were shown by Principal Component Analysis (PCA) as not being related 

(Figure 9). Cluster B comprises Bulawayo Road, Enterprise Road- Hayhill, Enterprise Road- Craigstone 

and Kirkman Road. Cluster B is the joining together of two major groups that were shown in Principal 

Component Analysis (PCA) (Figure 9) with the exclusion of Seke Road which in cluster analysis, did 

not belong to any group (Figure 10).  
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5.2. Trends of epiphytes on tree trunks based on aspect  

Table 2. Frequencies in aspect epiphytic lichens were found on the Brachystegia speciformis trees 

recorded per site.  

Site  

Frequencies in aspect       

N    NE       NW  SW  SE  E   S  W  

Kirkman Rd  2   1        4  0  0  0  0  0  

Richwell Avenue  4   2        0  0  1  0  0  1  

Enterprise-Craigstone  3   4        0  0  0  0  0  0  

Enterprise-Hayhill  9        3        0  0  0  0  0  0  

Bulawayo Road  5        1        0  1  0  0  0  1  

Seke Road  4        3        1  0  0  0  0  0  

Botanical Gardens  1        2        2  0  1  0  0  0  

Boulton Atlantica  3        3        0  1  0  0  0  1  

The frequency of epiphytic lichens on tree trunks was recorded for each tree at each site based on aspect. 

Most of the epiphytic lichens on Brachystegia speciformis were concentrated on the northern and north-

eastern side of the tree trunks. The Enterprise road- Hayhill site had the highest number of epiphytic 

lichens growing on the northern and north-eastern part of tree trunks. The Botanical Gardens and 

Kirkman Road had the least number of trees with epiphytic lichens growing on the northern and north-

eastern side. Epiphytic lichens were rarely found on the eastern and southern part of the tree trunks 

(Table 2).  

5.3. Analysis of variation  

Table 3. Effect of site on tree bark pH, epiphytic lichens abundance, lichens cover and lead (Pb) 

concentration.  

Dependent 

variable  

 df   F   P  

 Bark pH   7   1.965   0.064  

 Lichens cover   7   7.363   0.000*  

 Lichens 

abundance  

 7   3.266   0.003*  

 Lichens Pb 

concentration  

 7   5.35  

*the mean difference is significant at the 0.05 level 

Site had a significant effect on epiphytic lichens cover, abundance and lead (Pb) concentration (p<0.05). 

The mean epiphytic lichen cover, abundance and lead (Pb) concentration varied across the eight sites. 

Site had no significant effect on bark pH (P> 0.05) (Table 3).   
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Table 4.  Effect of distance from the road on bark pH, abundance, cover and lead (Pb) 

concentration on epiphytic lichens.  

Dependent 

variable  

 df   F   p- value  

 Bark pH   34   3.198   0.000*  

 Lichens cover   34   6.535   0.000*  

 Lichens 

abundance  

 34   0.965   0.531  

 Lichens Pb 

concentration  

 34   2.058   0.003*  

*the mean difference is significant at the 0.05 level 

Distance from the road had a significant effect on bark pH, epiphytic lichens cover and lead (Pb) 

concentration (p<0.05). The tree bark pH, epiphytic lichens cover and lead (Pb) concentration varied 

across the eight sites with a change in distance. Distance from the road had no significant effect on 

epiphytic lichens abundance (P>0.05) (Table 4).  

Table 5. Effect of traffic density on tree bark pH, abundance, lichen cover and lead (Pb) 

concentration on epiphytic lichens.  

Dependent 

variable  

 df   F   p- value  

 Bark pH   5   0.636   0.673  

 Lichens cover   5   9.522   0.000*  

 Lichens 

abundance  

 5   1.873   0.103  

 Lichens Pb 

concentration  

 5   7.444   0.000*  

*the mean difference is significant at the 0.05 level 

Traffic density had a significant effect on epiphytic lichen cover and lead (Pb) concentration (p < 0.05). 

The epiphytic lichens cover and lead (Pb) concentration varied across the eight sites with a change in 

traffic density. Traffic density had no significant effect on bark pH and epiphytic lichens abundance (p 

> 0.05) (Table 5).   

Table 6. Effect of elevation on bark pH, abundance, lichen cover and lead (Pb) concentration of 

epiphytic lichens.  

Dependent variable   df   F   p- value  

 Bark pH   50   5.774   0.000*  

 Lichens cover   50   5.943   0.000*  

 Lichens abundance   50   0.903   0.649  

 Lichens Pb 

concentration  

 50   1.844   0.005*  

*the mean difference is significant at the 0.05 level 
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Elevation had a significant effect on bark pH, epiphytic lichens cover and lead (Pb) concentration  

(p<0.05. Tree bark pH, epiphytic lichens cover and lead (Pb) concentration varied across all the sites 

with a change in elevation. Elevation had no significant effect on abundance of epiphytic lichens 

(p>0.05) (Table 6).  

 5.4. Canonical analysis  

 Table 7. Canonical Analysis Summary  

 

Canonical Analysis Summary   

Canonical R: 0.66807  

Chi² (24) =124.94  p= 0.0000  

N=146                                      

Left Set                  Right Set 

 
No. of variables              6.000                             4.000  

Variance extracted              72.5307%                   100.000%  

Total redundancy             13.9492%                  20.3466%  

Variables                             Traffic density                 Bark pH  

                                            Distance                            Abundance  

                                            Elevation                            Cover  

                                            Tree circum                 Pb concentration  

                                            Canopy cover    

                                            Aspect    

 

 The degree of correlation between the left and right set variables is high (r= 0.66807). The level of 

association between the left and right set variables is statistically significant (p<0.05) (Table 7).  
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 5.5. Correlation analysis  

Table 8. Correlation matrix of environmental variables   

Abbreviation: traf. Dens- traffic density, dist- distance. Elev- elevation, tree circum- tree circumference, 

c. cover- canopy cover  

Statistically significant correlations in boldface characters (p < 0.05)       

 

Traf. dens  Dist        Elev tree circum        C. cover          Aspect 

 

Traf.dens      1.00000          0 .166704       0.017062      -0.068015   -0.273986        0.224322  

Dist 0.166704       1.000000       -0.085964      -0.129910      -0.233710      0.175305  

Elevation    0 .017062         -0.085964      1.000000     0.258018         0.267288        0.049350  

Tree circ     -0.068015         -0.129910       0.258018      1.000000        0.475377       0.058807  

C. cover     -0.273986         -0.233710       0.267288      0.475377        1.000000      0.097305 

Aspect      -0.224322         0.175305       -0.049350       0.058807     0.097305  1.000000  

 

For all the sites, canopy cover was the most important variable explaining trends in observed results 

(Table 8).  

Table 9. Correlation matrix of dependent variables  

Statistically significant correlations in boldface characters (p < 0.05)       

 

Bark pH         Abundance     Lichens cover        Pb concentration 

 

Bark pH      1.000000          0.065588           -0.071444     0.005017  

Abundance       0.065588          1.000000           0.243425    -0.034992  

Lichens cover      -0.071444         0.243425           1.000000    -0.291181  

Pb concentration    0.005017        -0.034992          -0.291181     1.000000  

 

The epiphytic lichens abundance is significantly positively correlated with epiphytic lichens cover. If 

the epiphytic lichens abundance increase, the epiphytic lichens cover on a tree also increase. The 

epiphytic lichens lead (Pb) concentration is significantly negatively correlated with epiphytic lichens 

cover. If lead (Pb) concentration decrease, the epiphytic lichens cover on a tree increases. There is no 

significant correlation between bark pH and epiphytic lichens abundance (Table 9).  
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Table 10. Correlation matrix of dependent and independent variables  

Abbreviations: Traf.dens- traffic density, tree circum- tree circumference, Pb conc- Pb concentration  

Statistically significant correlations in boldface characters (p < 0.05)       

Bark pH          Abundance     Lichens cover         Pb conc  

Traf.dens   -0.118255         -0.047043  -0.284083           0.360951  

Distance   -0.122101          0.039420  -0.104827         -0.135009  

Elevation   0.152158           0.217730  -0.043841          0.141357  

Tree circum   0.043725           0.328327   0.145473           0.050859  

Canopy cover  0.243876          0.274381  0.468680        -0.239121  

Aspect  -0.136506          0.040072 -0.054372         -0.11397  

There is a significant negative correlation between epiphytic lichens cover and traffic density. As traffic 

density increases, the epiphytic lichens cover on a tree decreases. There is a significant positive 

correlation between traffic density and lead (Pb) concentration. As traffic density increases, the 

concentration of lead (Pb) contained in the epiphytic lichens thalli increase. Elevation is significantly 

positively correlated with epiphytic lichens abundance. An increase in elevation causes an increase in 

epiphytic lichens abundance on a tree. Tree circumference is significantly positively correlated with 

abundance of epiphytic lichens. An increase in tree circumference causes an increase in epiphytic lichens 

abundance. Canopy cover is positively correlated with bark pH, epiphytic lichens abundance and lichens 

cover however, canopy cover is significantly negatively correlated with lead (Pb) concentration. 

Therefore, an increase in canopy cover causes an increase in bark pH, epiphytic lichens abundance and 

lichens cover but, as canopy cover increases, the lead (Pb) concentration contained in the lichens thalli 

decreases (Table 10).  
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5.6. Factor analysis  

Table 11a. Factor Structure of environmental variables Abbreviation: tree circum-tree 

circumference   

Statistically significant correlations in boldface characters (p < 0.05)       

 Root   1  Root   2   Root   3    Root   4  

Traffic density        -0.607262  -0.286218  -0.218426    0.227628  

Distance        -0.102484  0.267682  0.705014   -0.174792  

Elevation         -0.033975           -0.695107  0.085559   -0.680174  

Tree circum         0.155820          -0.747879  0.390482    0.398821  

Canopy cover        0.809915          -0.466511  0.046218   0.138692  

Aspect -0.071930           0.223944 0.606186    0.157177  

Table 11b. Factor Structure of dependent variables  

Statistically significant correlations in boldface characters (p < 0.05)       

Root   1          Root   2           Root   3  Root   4  

Bark pH    0.379226       -0.321162         -0.371764  -0.784114  

Abundance        0.228087       -0.749313         0.620447  0.039407  

Lichens cover     

0.801625  
    -0.128601        -0.094259 0.576173  

Pb conc -0.629745     -0.560868         -0.512526  0.16175  

Factor analysis of independent variables, distance from the road, elevation, tree circumference, canopy 

cover and aspect shows that root 1, 2 and 3 contribute highly to significant correlation with measured 

explanatory variables as explained by the high proportion of variance extracted (Table 11a). For factor 

analysis of  dependent variables, root 1, root 2, root 3 and root 4 contribute to a significant change in 

tree bark pH, epiphytic lichens abundance, cover and lead (Pb) concentration with the environmental 

variables (Table 11b). Traffic density and canopy cover have a significant influence on epiphytic lichen 

cover and lead (Pb) concentration. Root 1 is loading negatively on traffic density and lead (Pb) 

concentration, therefore, if traffic density decrease, lead (Pb) concentration decrease but, if traffic 

density decrease, epiphytic lichens cover on a tree increases since epiphytic lichens cover is loading 

positively in root 1. For root 2, a decrease in elevation, tree circumference and canopy cover results in 

a decrease in epiphytic lichens abundance and lead (Pb) concentration since the correlations load 

negatively. For root 3, an increase in distance from the road (pollution gradient) results in an increase in 

epiphytic lichens abundance and a decrease in epiphytic lichens lead (Pb) concentration.  
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The closer the trees are to the road the lesser individual numbers of epiphytic lichens the tree can contain 

and the more lead (Pb) concentration can be contained in those epiphytic lichens. 

 A change in aspect (north and north-eastern) favours an increase in epiphytic lichens abundance but, a 

decrease in epiphytic lead (Pb) concentration. If the aspect on a tree is north or north-eastern, epiphytic 

lichens abundance would be high however, the lead (Pb) concentration in the epiphytic lichens at this 

aspect (north or north-eastern) would be low. In root 4, both elevation and tree bark pH load negatively. 

A decrease in elevation results in a decrease in tree bark pH but, a significant increase in epiphytic 

lichens cover (Table 11a and Table 11b).  

5.7. Soil lead (Pb) and epiphytic lichens lead (Pb) concentration relationship analysis  

Table 12. Correlation analysis between soil lead (Pb) and epiphytic lichens lead (Pb) concentration  

 Soil Pb       Lichen Pb  

 Soil Pb 0  0.017177  

Lichen Pb 0.79976  0  

There is a significant correlation between soil (Pb) concentration and epiphytic lichen lead (Pb) 

concentration (p<0.05). When soils lead (Pb) concentration increase, the epiphytic lichens lead (Pb) 

concentration also increase (Table 13).  

y^(0.5)=a+bx^(0.5) 

r^2=0.72391009  DF Adj r^2=0.61347413  FitStdErr=2.8706563  Fstat=15.732051 

a=4.6577894  
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Figure 11. A scatterplot showing the relationship between soil lead (Pb) concentration with distance 

from the road.  

The concentration of soil lead (Pb) is decreasing with distance from the road. This means that, soils 

closer to the road are more polluted than those far away (Figure 11).  

6.0. DISCUSSION  

6.1. Sites 

The epiphytic lichens cover, abundance and lead (Pb) concentration varied across the eight sampling 

sites possibly due to differences in traffic densities. Tree bark pH did not differ across the sites because 

in the study, trees of the same species with the same bark properties and physico-chemical properties 

were being sampled (Chettri et al. 1997). According to the results of cluster analysis, the sampling sites 

Boulton Atlantica, Botanical Gardens and Richwell Avenue occurs together as they all have low traffic 

densities. The sites Boulton Atlantica and Botanical Gardens were reference sites and as such, traffic 

was not recorded. Richwell Avenue occurs in this group because of a low traffic density. The Bulawayo 

Road, Enterprise Road- Hayhill, Enterprise Road- Craigstone and Kirkman Road occur in the same 

group due to closely similar traffic densities. The Seke Road site had exceptionally high traffic density 

and as such, it was not related to any group.   

6.2. Effect of distance from the road, traffic density and elevation on measured explanatory 

variables. 

In this study, the effects of traffic density, elevation, distance from road, canopy cover, tree 

circumference and aspect were investigated. The distance from the road affected the values in bark pH, 

epiphytic lichens cover and lead (Pb) concentration in the lichen thalli. The sampling sites could be 

easily distinguished by differences in bark pH, epiphytic lichens cover and lead (Pb) concentration as 

distance from the road changed. Traffic density affected value changes in epiphytic lichens cover and 

lead (Pb) concentration. Elevation at the sampling sites affected bark pH, lichens cover and lead (Pb) 

concentration in the epiphytic lichens. A high elevation means more pollutants are released by traffic 

activities and pollutants affect a change in bark pH.   

6.3. Epiphytic lichens species community composition.  

The influence of air pollution confirms the results of many authors that air pollution from traffic 

emissions influence the abundance and cover of epiphytic lichens across a pollution gradient (Ellis & 

Coppins, 2010; Giordani 2006). A remarkable difference was found in epiphytic lichens species richness 

between Seke Road (pollution site) and the reference site (Botanical Garden). Interestingly, the epiphytic 

lichens species richness at Enterprise-Craigstone Road site was almost as high as at the reference site 

(Boulton Atlantica). This might be attributed to species composition shifts along pollution gradients, 

such that as species more tolerant to pollution increase, the number of epiphytic lichens with a threshold 

tolerance declines, and pollution therefore, has a dual effect on composition and richness of epiphytic 

lichens. Lecanora species appears when pollution start as it is pollution tolerant (Chetrri et al. 1997). In 

the present study, Lecanora conizaeiodes was abundant in all the polluted sites and less at Boulton 

Atlantica, which served as a reference site. 
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The highest epiphytic lichens species richness at pollution site (EnterpriseCraigstone) is a result of 

invasion of pollution tolerant species like Lecanora conizaeiodes. This may also imply that the habitat 

quality of Enterprise-Craigstone is similar to the reference site.  

According to Bates et al. (1996), Lecanora conizaeoides was found on every tree in Great Britain and 

the abundance of the species correlated with deposition of acidic sulfurous air pollutants. The results are 

in line with Garty (2001), who showed that Lecanora conizaeiodes was the only species found in 

industrial areas in Great Britain. The absence of fruticose lichens Usnea at five of the polluted sites 

suggests that the areas are more polluted than the reference sites (Botanical Gardens and Boulton 

Atlantica) were the species was found. The same species richness recorded for some polluted areas and 

reference site (Botanical Gardens) suggest that the epiphytic lichens species richness for the reference 

and polluted sites may remain the same, but individual abundances of each species may differ as a result 

of air pollution. Therefore, studying epiphytic lichens species richness can be misleading. However, it 

can be important to study whether the epiphytic lichens abundances differ on pollution sites in 

comparison to reference sites. Lecanora conizaeiodes, Parmelia and Physica milligrana can be 

recommended for biomonitoring air pollutants as they can accumulate trace elements like lead (Pb) to a 

higher degree than all the other epiphytic lichens. The present results are in line with Chettri et al. (1997), 

who showed that Lecanora, Parmelia and Physica milligranna were best suited as biomonitors.   

6.4. Distance from the road 

Interestingly, in correlation analysis in the present study, none of the variables tested showed any 

significant responses to distance from the road. However, certain individual species (Parmelia and 

Lecanora conizaeiodes) showed significant responses in abundance with increasing distance from the 

road. Factor analysis shows that, an increase in distance from the road is associated with an increase in 

epiphytic lichens abundance. The results are in line with Taylor and Bell (1983), who showed a 

functional relationship between distance from a smelter in Tacoma, Washington and total epiphytic 

lichens abundance and cover. The epiphytic lichens cover increased with distance from the smelter. 

However, the results are in contrary with Meijer & Donchoe (2010) who indicated increased epiphytic 

lichen abundance near source of pollution as a result of invasion of pollution tolerant species.   

6.5. Traffic density 

Traffic density is a determinant factor of the metal component of vegetation bordering motorways (Ward 

1989). In the present study, correlation analysis showed that, an increase in traffic density caused a 

decrease in epiphytic lichens cover on a tree. Factor analysis showed that a decrease in traffic density 

was associated with an increase in epiphytic lichens cover (Table 11a and Table 11b). Most of the sites 

were near roadways and were affected by vehicle emissions. In the current study, the high significant 

correlation between traffic density and lichen lead (Pb) concentration showed that, lead (Pb) pollutant 

from automobiles is affecting the epiphytic lichens on the roads sampled. Factor analysis further 

explored the same results when a decrease in traffic density was associated with a decrease in lead (Pb) 

concentration contained in the epiphytic lichens thalli. The degree to which this is visible is proportional 

to the relative density of traffic along the roads sampled. The results obtained in the current study are in 

line with Cuny et al., 2001, who showed that the amounts of lead (Pb) in transplanted epiphytic lichens 

correlated positively with traffic density on the western side of the A1 motorway in France.  
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However, the results are in contradiction with Laaksovita et al. (1983), who could not correlate the lead 

(Pb) content in epiphytic lichens with the volume of traffic.   

6.6. Elevation 

The studies in temperate regions show that, elements concentration in epiphytic lichens change with 

increasing altitude (Kral et al. 1989). In the present study, correlation analysis showed that there was a 

significant relationship in epiphytic lichens abundance with a change in elevation. The abundance of 

epiphytic lichens increased with an increase in elevation. Factor analyses further explored the same trend 

when a decrease in elevation was associated by a decrease in epiphytic lichens abundance. The 

elevational range found in the present study was, 1394 to 1595m. The results are the same with those of 

Moe & Botnea 1997 who showed that most epiphytic lichens were concentrated in the 1300-1600m 

zone in Norway. Dietrich & Schidegger 1997; Pirintsos et al. 1993; 1995; Loppi et al. 1997, also showed 

significant increase in epiphytic lichens abundance with elevational gradients. These studies and the 

results in the present study are in contradiction to Mulligan (2009), who concluded that epiphytic lichens 

species richness and abundance on trunks of trees remained unchanged with elevation but frequency 

and coverage of the dominant epiphytic lichens did vary. Factor analysis in this present study (Table 11a 

and Table 11b) showed that, a decrease in lead (Pb) concentration contained in the epiphytic lichens 

thalli was associated with a decrease in elevation. This means that, if elevation increases, the lead (Pb) 

concentration contained in the epiphytic lichens increase. Factor analysis (Table 11a and Table 11b) 

showed that a decrease in elevation is associated by a decrease in epiphytic lichens cover on a tree. 

Therefore, a change in elevation affects epiphytic lichens abundance, lichens cover, lichens lead (Pb) 

concentration and tree bark pH. At high elevation there are big aged trees with bigger circumferences 

for accommodating epiphytic lichens thereby causing the abundance and cover of epiphytes to be high. 

In a place where traffic density and elevation are high, lead (Pb) concentration and other pollutants 

released, might be the important factor affecting the abundance, lichens cover of epiphytic lichens and 

bark pH of the trees.  

6.7. Tree circumference 

The present study showed a significant positive correlation between tree circumference and epiphytic 

lichens abundance. Factor analysis showed the same trend when a reduction in tree circumference was 

associated by a decrease in epiphytic lichens abundance and, a decrease in lead (Pb) concentration 

contained in the lichens. If the circumference of the tree is big, there is more surface area for the 

epiphytic lichens to grow on thereby, causing an increase in epiphytic lichens abundance. The results 

are in line with Johansson et al. (2003) and Nascimbene et al. (2009), who showed a significant positive 

correlation between tree circumference and epiphytic lichens species abundance. Stevenson and Enns 

(1993), stated that the epiphytic lichens abundance were correlated with tree circumference. However 

the results are in contrary with Logsdon (2010), who showed that tree circumference, did not correlate 

with epiphytic lichens abundance on the epiphytic lichens surveyed at UNDERC (University of Notre 

Dame Environmental Research Unit). In the present study, if the tree circumference is small, there is a 

small surface area for the epiphytic lichens to attach to on tree and as a result, the lead (Pb) concentration 

on the epiphytes will be low.  

6.8. Canopy cover  

In the present study, correlation analysis showed that, canopy cover is significantly positively correlated 

with tree bark pH, epiphytic lichens abundance and lichens cover. 
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 An increase in canopy cover will result in an increase in bark pH, epiphytic lichens abundance and 

lichens cover. However, factor analysis factored out, epiphytic lichens cover to increase as canopy cover 

increased but, with a decrease in canopy cover, epiphytic lichens abundance was shown to decrease. As 

the canopy of the tree increases, light increases and moisture changes create suitable habitat conditions 

for different epiphyte groups (McCune et al. 1997; Caldiz 2005; Ellis et al. 2007). According to IUFRO 

(1997), tree canopies have modulating effect on the micro-climatic condition under the forest which 

directly or indirectly affects the growth of epiphytic lichens. However, the results are in contrary to 

Dawson & Irving (2008), who showed that epiphytic lichens abundance did not vary significantly with 

canopy cover. In the present study, an increase in canopy cover caused a decrease in lead (Pb) contained 

in the epiphytic lichens.   

6.9. Aspect 

The present study showed that, the epiphytic lichens preferred the north or north-eastern part of a tree. 

However, a study done in temperate regions by Friedland et al. (1999), showed that epiphytic lichens 

preferred the western sides of trees. In the present study, if the aspect was (N or NE) epiphytic lichens 

abundance was great. The greater coverage of epiphytic lichens on the north and northeastern part of the 

trees in this present study is in contrary to observations in the United Kingdom that greater epiphytic 

lichens assemblages are mainly found on the south and south-west aspect (Broad 1989; Purvis 2000).  

A study by Griffen & Conran (1994) in New Zealand which lies in the Southern Hemisphere, showed 

that the northern trunk aspects are warmer and have more epiphytes than the cooler southern aspect. The 

same trend can be elucidated for Zimbabwe since it lies in the Southern Hemisphere. In the Northern 

Hemisphere, Ranius et al. (2008) showed differences in the number of epiphytic lichens species with 

trunk aspect where more lichens species occur on south facing side. The orientation of the edge of the 

forest will also affect the degree of epiphytic lichens coverage (Hilmo & Holien 2002), as the north 

aspect of a tree at the edge of a woodland facing north will receive more light than a south aspect tree. 

However, the results are inconsistent with Caldiz (2005) who noted no difference in the effect of aspect 

on epiphytic lichens abundance in Patagonia.  

6.10. Soil and epiphytic lichens lead (Pb) concentration across a pollution gradient 

In the present study, the soil lead (Pb) concentration and epiphytic lichen lead (Pb) are correlated. This 

means the amount of lead (Pb) contained in the epiphytes is closely like that found in the environment. 

There was a rapid decrease in concentration of lead (Pb) in the soils and the epiphytic lichens with 

increasing distance from the road. This agrees with previous studies in Zimbabwe by Sithole et al. 

(1993), who concluded that the majority of lead (Pb) from automobile emission was deposited in soil 

and vegetation within 40-50m from the road.   

6.11. Effect of bark pH on epiphytic lichens abundance.  

The present study showed no significant correlation between bark pH and epiphytic lichens abundance. 

This shows that, tree bark pH is not an important factor responsible for the spatial distribution of 

epiphytic lichens in polluted areas. In the present study, only one species of tree was used and this might 

explain why bark pH did not affect the abundance of epiphytic lichens. The results are in contrary to 

Gilbert (1996), who indicated that there was a significant correlation between bark pH and epiphytic 

lichens abundance in Newcastle.   
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6.12. Possible sources of error 

The possible sources of error in the present study could be, observer bias in counting the number of a 

particular species falling within a sampling quadrat as it was not always easier to distinguish between 

different types of epiphytic lichens species. In estimating epiphytic lichens cover, it was sometimes 

difficult to tell whether epiphytic lichens were present or absent for smaller epiphytic lichens with same 

colour as the tree bark. The sampling area on each tree only considered a small part of the first one meter 

of the main stem. The method whilst practical for the time frame of the study, may not be fully 

representative of the levels of epiphytic lichens cover and abundance as epiphytic lichens were seen to 

be more abundant on branches of trees. Other sites had exposed and isolated trees with the possibility 

of having lower epiphytic lichens cover and richness because, isolated trees are more exposed to air 

pollutants than are forest trees  

6.2. CONCLUSIONS 

The results revealed that Parmelia, Lecanora conizaeiodes and Physica milligranna epiphytic lichens 

species showed severe accumulation of lead (Pb) in their thalli and the species are therefore, 

recommended as bio-monitors. Canopy cover is the most important environmental variable influencing 

epiphytic lichens abundance, lichens cover, lead (Pb) concentration and bark pH in control and polluted 

sites. In addition, traffic density, distance from road, elevation, aspect and tree circumference affected 

the same change. Tree bark pH does not influence the number of epiphytes that can be found on a tree 

at a given time. The strong correlation between soil lead (Pb) and epiphytic lichens lead (Pb) means the 

lead concentrations contained in the epiphytic lichens is the same as that in the environment. The time 

required for lichens colonization and growth of the epiphytic lichens in the areas sampled is unknown, 

epiphytic lichens communities present in the areas sampled may not necessarily reflect the present 

ambient air quality near the roads sampled. Consequently, emissions from traffic activities may reduce 

but, the areas may still remain without epiphytic lichens cover because it contains deposit from the past 

(Tumello 2010). Lichens should, therefore, be used as pollution indicators when the colonization time 

of the epiphytes is already known or when the assumption that there is no any other factor besides air 

pollution that may affect the abundance and cover of epiphytic lichens. In Zimbabwe, the Environmental 

Management Act on pollution from traffic activities is only a piece of legislation on paper that has not 

been properly implemented and this makes an effort to minimize traffic related emissions difficult.  

RECOMMENDATIONS  

In order to elucidate the exact causes of variations in epiphytic lichens abundance, cover and lead (Pb) 

concentration, greater number of sampling sites should be used and the transect from the road should be 

large. This would give a better presentation of epiphytic lichens abundance and cover across all the 

sampling sites. Future research should also include a broader range of environmental variables like 

rainfall, humidity and light. In the present study it was impossible to control or measure the effects of 

all the environmental variables that could affect epiphytic lichens species abundance as the intention 

was to analyse the epiphytic lichens abundance, cover and lead (Pb) concentration along a pollution 

gradient arising from the motorway. It was hoped that any changes in epiphytic lichens species 

abundance, cover and lead (Pb) concentration were due to a pollution gradient. However, there is a 

danger that environmental factors not included in the study could also vary along this gradient thereby 

creating a change in the measured explanatory variables.  
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There is also need to measure the amount of sulphur dioxide released by traffic activities and correlate 

it with tree bark pH. Further analysis, possibly using chemical analysis of tree bark may be capable of 

providing further insight into the relationship between epiphytic lichens abundance and bark pH. The 

epiphytic lichens method used in this study was not meant to assess causality, so there was no indication 

of whether the pH and therefore, the epiphytic lichens abundance and cover were being influenced by 

the presence of a single contaminant or a mixture of contaminants. Chemical analysis of bark samples 

and factor analysis may be helpful in separating the contaminants that have the greatest impact. The 

future studies on epiphytic lichens in Harare need to investigate the effects of climate change on 

epiphytic lichens abundance and cover. In Zimbabwe, it is also time to curtail the use of unleaded fuel 

and catalytic converters in motor vehicles as per the vision of the SADC regional framework on air 

pollution (APINA 2008). There should be a comprehensive programme for monitoring pollution from 

traffic activities. Food outlets, fruit produce sellers and airtime vendors should be designated far from 

the road and farming near roadways should be banned as they serve as pathways through which lead 

(Pb) gets into the human body.  
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ABSTRACT 

The environmental impact assessment (EIA) system requires public participation in decision-making 

within activities that affect their environment in pursuance of their environmental rights. This research 

set out to establish the level of participation within the EIA system in Zimbabwe. The main problem to 

be addressed is that while participation is guaranteed by law, the actual participation has not been 

evaluated since the EIA system commenced. Secondary data was collected from 65 EIA Reports 

obtained conveniently from 10 EIA Consultants and primary data collected by questionnaire from 66 

EIA practitioners and analysed for association, comparison of means and correlation. Thematic analysis 

was applied 15 expert interviews. 

The results show that; participation does not vary between economic sectors of EIA reports; participation 

varies between consultants conducting the EIA studies; participation has not changed significantly 

(P=0.05) between 2007 and 2012; overall participation is below 50% of expected; and, participation 

does not vary between pre and post acceptance stages of the EIA process. In addition, government 

departments participate the most, followed by local community but private sector and NGO participation 

is almost non-existent. Participation of all stakeholders is generally driven by perceived gain that can 

flow from the project not by desire to protect the environment. The implication is that the EIA system 

is not significantly achieving desired pursuance of individual environmental rights. The major 

recommendations are: (i) specify in the EIA guidelines and TORs public consultation methods that allow 

the stakeholders to receive adequate information about the purpose of EIA, their rights and obligations 

as well as the details about the possible impacts of the project to enable informed decisions; (ii) provide 

feedback to stakeholders after the project has been given acceptance and during impact monitoring; (iii) 

stricter enforcement of stakeholder participation during EIA studies and project implementation. 

Keywords: Environmental Impact Assessment (EIA), Environmental Participation, Environmental 

Assessment 

Background and Objectives 

The introduction of environmental impact assessment in Zimbabwe began with a policy in 1994, 

followed by guidelines in 1997 and eventually an Act in 2003. The EIA system is codified within the 

Environmental Management Act of 2003. Hence the EIA system has been operational in Zimbabwe for 

about 20 years voluntarily and about 10 years mandatorily. 

Environmental Impact Assessment requires that the potential impacts of a development activity be 

analysed so that measures are formulated to reduce or eliminate the impacts. EIA feeds into project 

planning and implementation. 
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The Rio Declaration, from which the Zimbabwean EIA system originated, uplifts the inclusion of 

affected people in decisions that affect them. In fact, the right to a clean environment is enshrined in the 

law so that the citizens have a right to ensure that their environment is kept clean. From this requirement 

arises the need to provide affected citizens an opportunity to contribute to decisions that affect them. 

On the other hand, institutions such as arms of government and civic society organisation oversee 

mandates which may be equally affected by development activities. Hence institutions also have a claim 

to participation in EIA decision-making. 

The definition of participation is borrowed from Okello, Beevers, Douven and Leentvaar, (2009:217) 

who describes participation as “An interactive process that involves communication, listening, 

consulting, engaging and partnership with the public as stakeholders to establish and deliberate on areas 

of agreement and disagreement in aid of decision-making.” 

Section 4 (2) c of the Environmental Management Act (20.27) stipulates that as a general principle, “the 

participation of all interested and affected parties in environmental governance must be promoted and 

all people must be given an opportunity to develop the understanding, skills and capacity necessary for 

achieving equitable and effective participation” 

Volume 1 Section 5 of The EIA Guidelines in Zimbabwe (page 19-24) provides detailed guidelines for 

conducting public participation but it is left to the discretion of the consultant to decide the extent and 

form of the public participation process. 

Studies in various countries have shown that there are challenges with public or stakeholder 

participation. In a study of EIA practice in open coal mines in India, “the EIA reports reflected haphazard 

efforts of public involvement. It was also frequently noted that public participation took place at a time 

when the mines were already producing.” (Jha-thakur, Fischer and Rajvanshi, 2009:40). 

In Kenya, Kamori-Mbote (as cited by Omondi (2008:15)), states that “public participation in EA in 

Kenya has often been “adversarial” (conflict in nature)”. However public participation in Kenya is 

improving because it is underpinned by favourable legislation (Okello et. al. 2009:222). 

In Malawi Kosamu, Mkandawire, Utembe, and Mapoma (2013:309) observed “ less time being spent 

on consultation, that is limited time is allocated to communities to participate; inability of the consultants 

to consult the right people; unwillingness of the public members to participate since they do not know 

the importance of public participation in EIA (as a result of low public awareness), low priority accorded 

to environmental issues by the government, and that most of the communities’ views are not taken 

aboard in the preparation of EIA and Environmental Audit reports” as some of the challenges to public 

participation. They concluded that “participation is only done to fulfil legal requirements” (Ibid.) 

Various authors quoted in the overview of EIA in developing countries by UNEP (Wood, 2003:18) agree 

that “developing countries generally have weak requirements for consultation and public participation, 

but that as community involvement is becoming more widely recognised as an important element of the 

success of the EIA process, its use is gradually increasing.” 
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a. Need for Study 

Given the challenges in participation and the importance of it to EIA systems, it is important to know 

how well it is doing, to learn and to improve. Currently, the effectiveness of participation in the EIA 

system in Zimbabwe is unknown. 

b. Aim and Objectives 

This paper assesses the level of stakeholder participation in the EIA system in Zimbabwe between 2007 

and 2012. The major objective of the study is to find out the effectiveness of participation in the EIA 

system. 

The sub-objectives are: 

 To determine if participation is meeting the requirements according to guidelines 

 To compare participation between pre and post acceptance stages, stakeholder groups, 

economic sectors, consultants and between years 2007 to 2012 

To determine factors affecting and motivating stakeholder participation 

METHODOLOGY 

Ten willing consultants provided the research with sixty-five EIA reports. These provided secondary 

data which was collected through enumeration using a checklist. Where the required content was found 

in an EIA report a score of 1 was recorded on the corresponding topic in the checklist. Where no required 

content existed, a score of zero was recorded. EIA reports obtained from willing consultants were 

reviewed and the checklist form was completed for each of the 65 EIA reports made available. 

A total of 578 questionnaires were conveniently administered by email using online survey software. 

Seventy-five responses were received, of which 66 were considered valid for analysis. A questionnaire 

was designed with a Likert scale of 1 to 5 (strongly disagree, disagree, average/neutral, agree and 

strongly agree) with constructs that measure participation. The questionnaires were administered to 

respondents with EIA knowledge. 

Lastly, fifteen individuals known to have been involved in the EIA system for more than 10 years were 

specifically targeted in a purposive sampling. Interview discussions involved the open-ended questions 

followed by circumstantial follow-up questions where necessary. 

Questionnaires and EIA Report data was analysed quantitatively while interview data was analysed 

thematically. 

Questionnaire data did not pass the normality test using the Kolgomorov-Smirnov test therefore the 

Mann Whitney U test was used to compare two means between pre and post acceptance stages, Principal 

Component Factor analysis was used to determine the underlying causes of the questionnaire responses. 

EIA Report data was normally distributed therefore the Chi-square test was used to test for association 

between observed and expected participation while the One-way Analysis of Variance was used to 

compare means of participation levels between economic sectors and between consultants. The 

Pearson’s rank correlation coefficient was used to measure trends in participation between 2007 and 

2012. 
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RESULTS 

Quantitative Results 

The study set out to measure the level of participation of stakeholders in the EIA system. The hypotheses 

were answered as follows (at P=0.05): 

Six hypotheses were tested which showed that there is no significant difference in participation between 

economic sectors of EIA reports, no significant difference in participation between years of EIA reports, 

but there is significant difference in participation between consultants of EIA reports. The Pearson’s 

rank correlation showed that there is a negligible positive correlation showing that the level of 

participation has not changed much between 2007 and 2012. There is also a difference between observed 

and expected overall participation of 50% and that there is no significant difference in participation 

between pre and post acceptance stages of the EIA process. 

The findings show that different consultants employ different stakeholder consultation methods as well 

as give varying levels of priority to thorough stakeholder consultation. 

EIA reports only measured stakeholder participation as recorded in EIA reports before acceptance. The 

results show that government departments are the most widely consulted in 85% of the cases, the public 

second in 62% of the cases, private sector in 14% and 11% for NGOs. The greater participation of 

government agencies over the public was also observed by Okello et. al. (2009:223) in Kenya. 

The major methods of stakeholder consultation are questionnaire (66%), interview (62%) and public 

meetings (48%). Adverts (6%) and request letters (8%) are rarely used. 

Respondents’ experiences (questionnaire analysis) point to a participation that is below 50% of 

expectation.  

In general, the respondents seem to perceive that contributions given during stakeholder consultation 

are not adequately seriously (2.54) considered. This affects stakeholder participation in that their desire 

to police their interests and rights in the EIA process is stifled. 

Public participants’ understanding of their role within the EIA system is slightly 

inadequate/unacceptable (2.48), while there is also a perception that NGOs feel that the EIA process is 

not beneficial to them (2.92) and that NGOs are excluded from the EIA process (2.92). 

The results show that government departments may feel that EIA is an issue for EMA only (2.38) yet 

ironically the participation of government departments in the pre-acceptance phase is highest (4.4) 

measured from the questionnaires.  

Factor analysis on participation questionnaire data revealed several factors of which the major ones are 

; “Participation after acceptance”, “Attitude of government departments before acceptance”, “General 

attitude of stakeholders”, “Attitude of the public”, “NGO participation” and “Attitude towards EIA 

legislation”. 

The study identified that issues to do with attitudes of stakeholders account for much of the results. This 

is in agreement with general observations of the stakeholders and the secondary data that the attitude 

towards environmental issues in general has a critical effect across the entire EIA system. 
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Five motivation factors for public stakeholder participation in the EIA process were identified. Desire 

for personal benefit (2.37) is the strongest motivation, followed by coercion (2.69) by proponents and 

consultants, then solidarity with the proponent (2.71), participation as a legal requirement (3.08), and 

lastly participation as an environmental concern (3.39). 

Qualitative Results 

Participation Theme 1: Payment of Authorities for EIA Consultation 

Many respondents raised the recent development whereby government departments and other 

authorities are demanding payment for their consultation. This demand of payment is allegedly 

motivated by an attitude that EIA is a source of revenue and since the proponent has no choice, payment 

will be honoured. Other departments also feel that EMA alone is benefitting from the EIA system and 

they also want a share. Cases have been reported where up to US$2,500 was paid in order to obtain a 

letter of consultation from some authorities. ZINWA and the Ministry of Health and Child Welfare are 

said to be charging in the region of US$200.00 to US$300.00 per consultation. Respondents questioned 

the neutrality and objectivity of the comments if the consultation process is paid for. 

Participation Theme 2: NGO Participation 

In terms of NGO participation respondents noted that NGOs may participate if they are in the area and 

if, like other stakeholders, they are approached for their opinion, but few of them have interests in 

environmental issues. However, many times the consultants do not contact the NGOs and sometimes 

the role of NGOs is just not appreciated. It was also pointed out that, those NGOs with environmental 

focus tend to actively participate where there is publicity such as in politically or socially sensitive areas. 

Participation Theme 3: Feedback after General Public Consultation 

Some interviewees also noted that at the very best the public is only consulted before the clearance is 

granted but they are not even informed if the clearance was granted or not. Some interviewees also 

confirmed the findings of this study that the public is interested in personal gain such as jobs especially 

in rural areas and that is the biggest motivation to participate in EIA consultations. In some cases the 

general public do not fully understand or are not fully informed of the project’s potential impacts for 

them to participate meaningfully. 

Participation Theme 4: Method of Public Consultation 

Meetings are considered the best way to consult the general public because they get the opportunity to 

have the project clearly explained to them and to ask questions. It also ensures that opinions are publicly 

discussed hence less likely to represent the views of the few. Government departments, NGOs and 

corporates can use questionnaires or letters where possible. However, questionnaires are the most 

commonly used due to the convenience to the consultant and proponent who want evidence that the 

public has been consulted but also do not want the complications of bringing many people together to 

discuss the project. 

Stakeholders hardly respond to newspaper adverts requesting stakeholders to give their views in the EIA 

study process. This reflects the lack of interest in environmental issues across the society in general. 
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Public meetings, workshops and written submissions were observed as the more common “tools to 

implement public participation in Kenya” (Onyango, 2007). 

Participation Theme 5: Corporate Consultation 

Like NGOs, the private sector (corporates) will participate if they think the project affects them and if 

they directly approached for comments. Where the private sector feels impacted by the project, the 

participation may become very active with a lot of follow-ups on the status of the project. To most 

corporates, EIA is more of a compliance issue than a matter of environmental rights and sustainable 

practices. 

Participation Theme 6: Lack of Transparency in the EIA System 

EIA documents are not totally public documents in Zimbabwe. Consultants have confidentiality 

agreements with proponents while those EIA reports in EMA system are not available except for 

litigation purposes according to Section 108 of the Environmental Management Act (Chap. 20.27) of 

Zimbabwe. Hence there is no platform for stakeholders neither to review the contents of the EIA reports 

nor to ensure that their interests were captured and considered during the decision-making. 

The EIA system therefore lacks a feedback mechanism to ensure that stakeholders are kept updated of 

the progress of the implementation of their concerns. 

DISCUSSION  

The finding that participation has increased insignificantly is comparable to Kenya where Mwenda, 

Bregt, Ligtenberg and Kibutu (2012:5) also noted a slight improvement in participation between 2002 

and 2012 due to increased emphasis on public participation by the Kenyan environmental regulator. 

While the EIA system is giving relatively more room for government agencies (authorities) to execute 

their mandates especially in the pre-certification phase, the role of other stakeholders is downplayed. 

The effort exerted during scoping is not identifying all key stakeholders hence much of the affected 

public, NGOs and the corporate world are not given room to participate. 

Another point is that the stakeholders only tend to desire participation when they foresee some benefit 

accruing to them. Therefore participation is less about interest in upholding one’s rights or concern of 

the environment as is assumed but primarily for socio-economic gain. 

These results show that the public’s motivation factors to participate in the EIA process are inverted 

with the most desirable factors being the least important to them. Hence the public participate in the EIA 

process for mainly the wrong reasons which are not commensurate with the need to protect the 

environment through a sound EIA process. 

CONCLUSION 

The findings of this study mirror the general observations by various other researchers that participation 

in the EIA system is not adequately effective. Participation in the EIA process by all stakeholders is to 

a large extent motivated primarily by perceived personal and economic gain rather than the practice of 

one’s own environmental rights or the fulfilment of mandates by institutions.  
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Government departments are almost always consulted as a mandatory requirement before EIA 

acceptance, but general public consultation is sometimes token. There is little or no stakeholder 

participation after acceptance. Participation is therefore ineffective, less than 50% of the expectation of 

the respondents to this study. 

RECOMMENDATIONS 

Stakeholder consultation is inherently a political process of competing and cooperating personal 

interests. Therefore an efficient system of controls is necessary for meaningful equal participation of all 

stakeholders. 

The government needs a policy to address the gain-based participation of stakeholders in the EIA system 

especially government departments and authorities. 

Government departments should engage with proponents not as proponents of EIA but as proponents of 

projects. For example, when a proponent approaches a local authority, the proponent’s project should be 

subject to the mandates of the local authority such as payment of taxes, and other certificates, etc. not 

specifically as an EIA requirement. Similarly, traditional leaders should engage the proponent in terms 

of their requirements but not specifically to stall the EIA study process over certain compliances. 

Given the foregoing argument, an EIA study will proceed on the basis of its own merits and demerits 

which will be considered for decision-making. Even if the EIA clearance is granted such authorities 

have their own mandates to stall the project outside the dictates of the EIA law. Hence consultation for 

EIA purposes must not be in itself a beginning point for obtaining revenue for the various authorities. 

The need to comply with other laws should not be integrated into the EIA process through public 

consultation. This practice is unethical. 

If each authority monitors a project through their own certification mechanism, EIA would be integrated 

into the government’s existing systems instead of being separate process e.g. ZINWA, NSSA, Health, 

Local Authorities, etc. through the implementation of the environmental management plan. 

Streamlining of EIA in government functions will also raise EIA awareness because the proponent will 

be informed of various requirements in any office at an early stage. 

Review of EIA guidelines to improve the public consultation and feedback is long overdue. Quarterly 

reports need to include an element of feedback to the stakeholders who were consulted during the EIA 

study. 

The scoping process should specify public consultation methods that allow the stakeholders to receive 

adequate information about the purpose of EIA, their rights and obligations as well as the details about 

the possible impacts of the project to enable informed decisions. Enforcement of stakeholder 

participation during EIA studies and project implementation should be stricter. 

Make EIA reports publicly available at no cost even just for personal information and interest and for 

research and learning purposes. 
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ABSTRACT 

Managing common resources such as wildlife presents major challenges to local communities and 

wildlife institutions especially in tropical areas where people largely depend on natural resources for 

their day-to-day survival. Human activities and/or behaviour regarding community-based conservation 

are influenced either through compulsory factors which include regulations and provisions or voluntarily 

as a result of external and internal motivation and pressure. This study investigates the formal and 

informal rules that influence human activities in the management of common resources in community-

based conservation in communities adjacent to the northern Gonarezhou National Park, Zimbabwe. Data 

were collected between May and July in 2011 through focus group discussions from four communities 

participating in the Communal Areas Management Programme for Indigenous Resources. Data were 

analyzed using qualitative approaches including content analyses procedures which resulted in thematic 

groups for rules. Our results show that human activities were influenced by two broad categories of 

control systems, namely, formal and informal rules. The formal rules included government-related 

policies, rules, regulations and laws on wildlife management, whereas the informal rules included local 

norms, taboos, belief systems and also the characteristics of the illegal hunters. We recorded some 

variations in the control systems across the four study communities suggesting contextual differences 

among the study area. Overall, our results suggest that both the formal and informal rules are currently 

important in influencing local people’s activities regarding natural resources use. We, thus, recommend 

for the recognition of both the formal and informal systems in community-based conservation since 

most communities are embedded in traditionally rich contexts which also offer opportunities for 

enhancing wildlife conservation in the study area and similar ecosystems. Hence, policy makers should 

make deliberate efforts to ensure that traditional indigenous management systems complement the 

conventional systems of wildlife management to allow for sustainable natural resources conservation in 

tropical areas. 

Keywords: control systems, law enforcement, protected area, tropical areas, wildlife 

INTRODUCTION 

Effective commons governance and the continued availability of natural renewable resources require 

some rules (Poteete & Welch 2004; Ostrom 2005; Gandiwa 2013; Muboko & Murindagomo 2014). 

Thus, successful commons governance requires that rules evolve (Dietz et al. 2003). Resource use is 

shaped by dynamic relationships among quantity, quality and access. This together with the social 

institutions and cultural values, formal laws and policies and economic opportunities shape the informal 

rules and norms of access (Milgroom et al. 2014). 
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 Formal rules comprises national government rules (legal framework) and local rules (by-laws and local 

district policies) which cascades down to natural resources management, whereas informal rules include 

sacred controls, and pragmatic and civil controls (Campbell et al. 2001). These informal rules act as 

checks and balances and thus, ensure that wildlife resources are conserved and utilised in a sustainable 

manner. 

Previous research has reported that in remote rural areas, local people’s livelihoods are almost entirely 

governed by custom and customary processes, and even where state institutions exist at the local level, 

they co-exist with customary institutions, resulting in ‘legal pluralism’, or the existence of multiple legal 

systems within one geographic area  (Clarke & Jupiter 2010). Moreover, formal and informal rules shape 

the way in which common property resources are managed and ways of integrating these for sustainable 

natural resources conservation (Campbell et al. 2001). In this context, using a case study of southern 

Zimbabwe, and within a community-based conservation framework, our paper aims to investigate the 

formal and informal rules that influence human activities and attitudes in the management of common 

resources in communities living in a semi-arid environment. Specifically, the objectives of the study 

were to: (i) identify formal and informal rules in the study area, (ii) establish their effectiveness, and 

(iii) identify constraints in enforcing them. 

Conceptual background 

Control systems are part of human’s interactions with nature (Holling & Meffe 2002; Rowcliffe et al. 

2004). Gandiwa (2013) defined control systems as the rules, regulations, aspect of human organization, 

laws, social values and belief systems that orient and influence human behaviour in general, for instance, 

in this present research, rules on hunting, grazing and use of fire. These control systems can broadly be 

classified into two main categories, namely, formal and informal. Formal rules are commonly actively 

enforced through physical controls and legal systems whereas informal largely relies on voluntary 

compliance although active enforcement is somewhat used (Rowcliffe et al. 2004; Holmern et al. 2007; 

Keane et al. 2008). 

The relationship between formal and informal rules and the nature of enforcement of these rules can be 

seen from the conceptual framework proposed by Leeuwis and Van den Ban (2004). The framework 

distinguishes between ‘voluntary’ and ‘non-voluntary’ (or ‘compulsory’) behaviour (Fig. 1). 

Specifically, compulsory behaviour can arise from coercion (i.e., top-down enforcement) that derives 

from sanctioning of laws and regulations or constraints caused by restrictive provisions whereas 

voluntary behaviour can either be internally or externally motivated (Leeuwis & van den Ban 2004). 

Accordingly, externally motivated voluntary behaviour originates from material and social 

circumstances or financial impulses brought by the corresponding policy instruments whereas internally 

motivated voluntary behaviour may arise from reasoned opinions, which can be influenced by 

communicative intervention, for example, through awareness or educational programmes (also see 

Gandiwa (2013) for detailed description). In this study, we mapped the formal and informal control 

systems in communities practicing community-based natural resources conservation. 
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Fig. 1: The relationship between communicative intervention and other policy instruments aimed at 

stimulating behavioural change. Policy instruments in bold. Source: Van Woerkum 1990 in Leeuwis and 

Van den Ban (2004). 

METHODS 

Study site and communities 

The study area was selected based on the existence of community-based natural resources management 

programs (i.e., Communal Areas Management Programme for Indigenous Resources [CAMPFIRE]) 

within the communities and their proximity to a large protected area. Thus, four communities, namely, 

Chibwedziva (350 km2) and Chizvirizvi (250 km2) falling under the Chiredzi district, and Mahenye (200 

km2) and Mtandahwe (500 km2) falling under the Chipinge district, adjacent to the northern Gonarezhou 

National Park, southeastern Zimbabwe were selected. Gonarezhou National Park covers an area of 

approximately 5,050 km2 and is located between 21° 00′–22° 15′ S and 30° 15′–32° 30′ E. The park is 

endowed with a wide variety of herbivore and carnivore species. Detailed description of the study area 

is provided by Gandiwa (2013) and Chibememe (2014). The dominant ethnic group in the study area is 

Shangaan.  

Data collection and analyses 

We used focus group discussions to gather data on informal and formal rules in the study area. Focus 

group discussions were conducted between May and July 2011.  
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A total of four semi-structured focus group sessions were held with residents of Chibwedziva, 

Chizvirizvi, Mahenye, and Mtandahwe communities. The focus group discussions were held during 

weekdays and each took about 45 minutes. Each focus group discussion had 15 people randomly drawn 

from two study villages, including one CAMPFIRE representative, per community, giving a total of 60 

participants: 37 men and 23 women. All focus group discussants had stayed in the study area for at least 

five years and had also completed at least primary education. The discussions were facilitated and led 

by the first author who used a focus group discussion guide to address the following topics: (i) types of 

rules within the study area, (ii) perceived effectiveness of the rules and associated ratings, and (iii) 

constraints to the enforcement of rules in wildlife conservation in the study area. Themes emanating 

from the discussions were recorded and ratings of the effectiveness of rules were agreed among the 

discussants based on a ten-point scale gradient (1: not effective to 10: very effective). Data from the 

focus group discussions were analysed through content analyses procedures and categorised into themes. 

Moreover, data on effectiveness of rules and constraints in wildlife conservation were qualitatively 

analysed whereas a spider web diagram was used to show the community ratings of perceived 

effectiveness of rules.  

RESULTS 

Formal and informal rules within the study area 

A total of six (6) themes or categories of rules emerged from the focus group discussions across the four 

study communities (Table 1). Formal rules category comprised of the following: (i) government (which 

was mostly recognised through the wildlife rules that were administered through the wildlife authority, 

Zimbabwe Parks and Wildlife Management Authority), and (ii) CAMPFIRE. Informal rules category 

had the following: (iii) traditional or customary rules and taboos, (iv) traditional religion, (v) modern 

religion, and (vi) illegal hunter group’s rules. Formal rules were characterised by: (i) a general interest 

in protecting the resources for the benefit of the community, (ii) had some penalties for not abiding by 

them, hence, somewhat coercive, and (iii) have a clear structure for enforcement. In contrast, the 

informal rules were characterised by: (i) a mixture of community or an interested sub-group of the 

community, (ii) customary enforcement system and/or institution, (iii) individual/group gains, and (iv) 

to some extent voluntary adherence, hence, largely not coercive. 
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Table 1: Formal and informal rules classification and their description 

Category Description Classification 

(Formal/Informal) 

1. Government 

Mostly, visible through the wildlife authority, Zimbabwe Parks and 

Wildlife Management Authority, which represents government and has 

mandate for wildlife conservation in the nation 
Formal 

Strong laws and regulations for illegal hunting, uncontrolled fires, 

encroachment into protected areas by humans and livestock 

Protected area staff enforce the laws and regulations 

2. Campfire 

Represents local rural district authority and has responsibility for 

wildlife management within the community 

Formal 
Provides incentives for wildlife conservation 

Penalties for illegal killing of animals, uncontrolled fires and livestock 

encroachment in designated wildlife areas 

Resource monitors enforce laws and regulations 

1. Traditional or 

customary 

No animals and/or fish should be hunted/fished without permission 

Informal 

Hunting/fishing using chemicals/poisons is not allowed 

Some animals are regarded as sacred, hence, should not be killed. For 

example: ground pangolin (Manis temminckii), African rock python 

(Python sebae), Chacma baboon (Papio ursinus), and common genet 

(Genetta genetta). 

Totems 

Animals and birds considered as bad omen (mashura) if killed (e.g., 

owl). 

Fines for illegal hunting, uncontrolled fires which negatively affects 

grazing area 

Local education of people through folktales 

Inform village head before setting fires, even for crop preparation 

2. Traditional 

religion 

A symbol of ancestry (vadzimu) 

Informal Guardian spirit (mhondoro) 

Rainmaking ceremonies, conservation of some trees 

3. Modern Religion 

Man exercising stewardship and trusteeship over   God’s creation, “… 

take dominion over the earth…” (Inscribed in the scriptures of many  

modern religions of the world) 
Informal 

 

 
Garden of Eden full of greenery, humans should conserve their natural 

resources 

Restrictive eating of animals 

4. Illegal hunters 

groups 

Hunters are guided by signs/indicators that either 

encourages/discourages them to go hunting, such as: 

- Mongoose (Galerella spp.) 

- Eland (Taurotragus oryx) 

- Sound of woodpeckers and hornbill birds 

- Blank ants (if carrying food – one would successfully kill an-

imals and not be caught) 

Informal 

Consulting with ancestors before hunting 

Taking into consideration dreams before hunting 

No farewell to those at home when embarking on hunting, especially in 

protected areas 

Termination of hunting expeditions if they witness some unusual 

behaviour of certain birds or animals, e.g., muchuchu crossing their 

path, encountering sukuviri snake, a snake which looks like it has two 

heads at the opposite ends (bad omen/mashura) 

Rotational,  seasonal and selective hunting 

Restrain from bathing with soap during hunting expeditions 
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Perceived effectiveness of rules among communities 

Overall, government rules were rated as highly effective (Fig. 2) primarily because   these rules were 

perceived to be stronger and took precedence regarding wildlife conservation in Zimbabwe. Similarly, 

CAMPFIRE rules were rated second given that the Rural District Councils (RDC), which are also part 

of the government, had appropriate authority for CAMPFIRE areas, hence administratively stronger in 

enforcing rules on wildlife conservation. Although group discussants from all the study communities 

mentioned that the traditional rules and taboos did not change over time and also that these rules used 

to have a greater influence before colonisation, in some communities traditional rules were still regarded 

as effective in wildlife conservation. Some of the informal rules were reported to be less effective mostly 

because there were no follow-up mechanisms in ensuring the enforcement of the rules in society. In 

particular, traditional religion and illegal hunter group rules were reported to only have an influence 

over a relatively few people, hence, the less effectiveness of these rules at community level. 

 
Fig. 2: Rating of rules based on the perceived effectiveness in wildlife conservation. Note: The third 

category refers to Traditional or Customary rules. 

Contextual variations among communities were recorded in perceived effectiveness and importance of 

rules in wildlife conservation (Fig. 3). Chibwedziva, Chizvirizvi and Mtandahwe communities had 

similar order in the rating of the rules categories with government, CAMPFIRE and traditional rules 

among the top three. However, Mahenye community had traditional, government and CAMPFIRE rules 

as the top three categories. Interestingly, the order of ratings for the other informal rules was similar 

across the four study communities. 
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Fig. 3: Spider web diagram of community rating of rules based on perceived effectiveness in wildlife 

conservation 

Constraints to the enforcement of rules in wildlife conservation 

Four (4) categories of constraints to the effective enforcement of rules in wildlife conservation were 

gathered across the study communities (Table 2). The socio-ecological category comprised of pressures 

on wildlife resources, local people involvement in wildlife management and human interaction with 

wildlife. The economic category was characterised by factors involving benefits and costs of wildlife 

conservation. 

 

Chizvirizi

Chibwedziwa

Mtandahwe

Mahenye
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Table 2: Categories of constraints to the enforcement of rules in wildlife conservation in communities 

adjacent to northern Gonarezhou National Park, southern Zimbabwe 

Socio-ecological Economic Political Infrastructural 

Poaching of wildlife 

(including use of 

chemicals/poisons) 

Trade in wildlife products 

 

Retaliation for crop and 

livestock loss and damage 

Micro-level politics No fences 

demarcating 

wildlife areas 

Limited grazing area 

due to increasing human 

and livestock 

population, hence 

encroachment into 

wildlife areas 

Unemployment 

 

Livestock a symbol 

of power and wealth 

among the Shangaan 

and Ndau people 

Absence of 

grazing systems 

infrastructure, 

e.g., paddocking 

Use of veld fires as a 

poaching strategy 

Limited benefits from 

wildlife 

Limited capacity in 

modern sustainable 

hunting techniques 

Limited or no 

modern hunting 

technology to 

maximise on 

hunting effort 

Local people have 

limited involvement in 

wildlife management 

Corruption especially 

from law enforcement 

officers compromises the 

extent of law enforcement 

Elite capture - 

wildlife used as a 

source of power and 

resource 

accumulation 

Absence of 

grassroots 

institutions and 

structures for 

enforcement and 

management 

Human-wildlife 

interactions 

Human-wildlife conflicts Diseases (livestock 

and human) 

Physical  

boundary disputes 

(community 

versus wildlife 

land) 

DISCUSSION 

Our study aimed at investigating the formal and informal rules that influence human activities in the 

management of common resources in community-based conservation in communities in a semi-arid 

environment. 

Our results show that both formal and informal rules play important roles and influences wildlife 

conservation variably in southern Zimbabwe. Formal rules appear to be more effective and important 

primarily because of the virtue of the state and formal enforcement  of laws and policies, while the 

informal ones acquire power through customary influences and beliefs (Sokile et al. 2005). Because of 

the clear enforcement structures for the formal rules, they thus become more effective compared to the 

informal rules as recorded in this study. Illegal hunters are easily penalised for poaching under the formal 

rules than the informal rules.  
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Moreover, the formal rules affect the entire communities whereas some of the informal rules were 

reported to presently have a less impact on the community. Interestingly, it was evident that some of the 

customary rules such as taboos and totems were still strong in the study area, hence having an influence 

on wildlife conservation (Chibememe et al. 2014).  

Protection of wildlife through taboos and cultural laws have been documented in other studies (Horowitz 

1998; Kideghesho 2008; Chibememe et al. 2014), although, it has been reported that taboo species may 

still suffer from human impact, as they are not necessarily free from being poached by other people who 

doesn’t value them also as taboo species (Kideghesho 2008). Thus, our results show that formal rules 

and informal law enforcement regulations are important in influencing human behaviour in natural 

resources conservation (Campbell et al. 2001; Leeuwis & van den Ban 2004). This suggests that natural 

resources conservation in the study area was before colonisation  more governed by informal rules 

(Rusinga & Maposa 2010), thus preventing the ‘tragedy of the commons’ (Hardin 1968), and at present, 

natural resources are being governed by a combination of formal and informal rules (Campbell et al. 

2001; Milgroom et al. 2014; Muboko & Murindagomo 2014; Wiersum et al. 2014).  

Unlike the other three communities, Mahenye reported a high influence of informal rules, in particular 

customary rules than formal rules. This shows the contextual differences in influence of traditional 

systems in the daily lives and livelihoods of local communities. Mahenye has a relatively small area and 

its remoteness allows for the community to remain well connected, hence the influence of traditional 

values and norms (Mashinya 2007; Gandiwa 2013). Thus, it can be predicted that customary rules are 

more effective where traditional authority is still strong (e.g., the Chief represents the interests of his 

people over that of central government, and traditional management systems still exist such as hunting 

norms, taboos, and totems), so that customary management rules can be fostered and built upon 

(DeGeorges & Reilly 2009). Moreover, since local traditional leadership also plays an important role in 

natural resources conservation, for example CAMPFIRE, it is likely that these interactions help enhance 

both formal and informal rules. However, in the other communities it may appear that the traditional 

rules have been eroded and/or made less effective over time due to colonisation and modern-day rural 

development theories. 

Although the role of religious and spiritual beliefs and hunter groups rules were lowly rated in being 

effective in wildlife conservation in this study, these are however a common characteristic of many 

indigenous communities in tropical areas (Byers et al. 2001; Virtanen 2002; Anthwal et al. 2010). In 

most rural areas, local people’s belief systems and rituals are part of their culture and play an important 

role in natural resource utilisation and its management. In this present study, it emerged that some local 

hunters’ decisions to go hunting were influenced by dreams and also natural phenomenon. Accordingly, 

spiritual guidance in hunting under traditional religious beliefs have been reported in the study area 

(Mavhunga 2002). In particular, some argued that some hunters would undergo through rituals to avoid 

arrests by protected area law enforcement staff and attack by dangerous game.  

The use of protective types of prescription (magic) against dangerous wild mammals in the bush have 

been reported to be used to address the threat of detection and assaults by wildlife scouts elsewhere 

(Marks 2001). This is an important finding since belief systems and rituals would likely make illegal 

hunters elusive to arrests and also the use of magic in hunting may fuel unsustainable hunting of 

especially endangered animal species.  
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Moreover, in terms of modern religion to Africa, previous literature show that some species are 

prohibited under some modern religion rules, such as bush pigs (Potamochoerus spp.) and warthogs 

(Phacochoerus aethiopicus) (Kideghesho 2008). Although such prohibition may not be regarded as 

conservation action since the species are considered unclean, it may result in a reduction in hunting 

pressure on such species (Kideghesho 2008). 

Active enforcement of rules appeared to strongly influence the perceived effectiveness of regulatory 

mechanisms in wildlife conservation in the present study. For example, government rules enforcement 

through ZPWMA rangers, CAMPFIRE’s resource monitors and Chief’s mapurisa (messengers and/or 

security guards). This finding collaborates with earlier studies in the study area which also reported a 

decline in poaching with enhanced law enforcement (Lindsey et al. 2011; Gandiwa et al. 2014). 

Elsewhere, active law enforcement has also been associated with decline in illegal activities (Holmern 

et al. 2007; Fischer 2008; Martin 2010). Thus, physical presence of law enforcement officers in a 

conservation area is important in protecting resources as it has a direct impact to the local people 

activities. 

The influence of economic, socio-ecological, political and infrastructural, as well as resource 

characteristics shapes how rules will impact on natural resources management (Poteete & Welch 2004). 

Accordingly, competing claims on natural resources has been reported to be characterized by multiple 

uses and users of resources, and divergent cultural, economic and environmental valuation of resources 

across scales (Giller et al. 2008). These calls for the need to ensure conflicts are resolved through 

negotiations which promotes local people to respect and abide by the control systems in their 

communities.  

CONCLUSION AND RECOMMENDATIONS 

Our study has successfully identified and showed the importance of both formal and informal rules and 

regulations in natural resources conservation. Furthermore, our study gives evidence to the existence of 

multiple legal systems (Clarke & Jupiter 2010) within the study area, and that these rules are to a large 

extent interdependent. Based on study findings, we recommend the Recognition of both the formal and 

informal systems in community-based conservation since most communities are embedded in 

traditionally rich contexts which also offer opportunities for enhancing wildlife conservation in the study 

area and similar ecosystems. Thus, policy makers should therefore make deliberate efforts to ensure that 

traditional indigenous management systems complement the conventional systems of wildlife 

management to allow for sustainable natural resources conservation in tropical areas. 
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ABSTRACT 

Trophy quality (size) trends coupled with stakeholders’ perceptions on elephant (Loxodonta africana), 

lion (Panthera leo) and buffalo (Syncerus caffer) in Sengwa Wildlife Research Area (SWRA), 

Zimbabwe were analyzed for the period 2003 to 2013.  Trophy quality data were obtained from hunting 

records kept at station level in SWRA and Hunting Return Forms (TR2) database kept at ZPWMA 

headquarters. Thirty key stakeholders’ perceptions were determined using a questionnaire survey 

consisting of both closed and open-ended questions. The stakeholders interviewed were Safari 

Operators, Professional Hunters and Wildlife Rangers. The questionnaires were aimed at determining 

whether these perceptions were in line with the trophy quality trends observed from scientific data 

synthesized from the records. A One Way non-parametric analysis of variance (Kruskal Wallis) test, of 

the trophy quality data showed that from 2003 to 2013, there were significant annual variations for 

elephant and buffalo trophy quality (p < 0.01), while for lion, the variations were not significantly 

different (p > 0.395). The perceptions of stakeholders with more than four years hunting experience in 

SWRA corroborated the observed changes in trophy quality obtained from field measurements. The 

results revealed that elephant and buffalo trophy quality has significantly declined across the years. The 

study recommends that, where quantitative data on trophy quality are unavailable, information from 

experienced hunters can provide a useful insight on trophy quality trends which can help inform wildlife 

managers’ decision making processes for sustainable utilisation of the wildlife resources through 

consumptive tourism.  

Keywords: Trophy quality, Safari Operator, Perceptions, Sengwa Wildlife Research Area 

INTRODUCTION 

Trophy hunting, also known as sport  hunting, game hunting and safari hunting, involves the practice of 

pursuing any living organism usually wildlife or feral animals for sport or recreation (Lovelock, 2008). 

Trophy hunting is the selective hunting of wild game animals and parts of the animal may be kept as 

hunting trophy or memorial (Barnett and Patterson, 2005).  A hunting trophy is a horn, ivory, tusk or 

skull prepared from the body of a wild animal killed by a hunter and is kept as a souvenir of the 

successful hunting expedition (Barnett and Patterson, 2005). 

Trophy hunting is now a major industry in Africa generating substantial revenue from wildlife over vast 

areas (Baldus and Cauldwell, 2004) hence continuous monitoring and assessment of trophy size and 

quotas is just inevitable (Grobbelaar and Masulani, 2003). It is also increasingly becoming the engine 

that is driving many country’s community programs, especially in Zimbabwe, Botswana and Namibia 
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(Chimuti et al., 2000). Therefore, analysing trophy quality trend is vital for effective quota setting which 

is the cornerstone for sustainable trophy hunting (Baker, 1997).  

There has been an increasing concern about the possible long-term effects of trophy hunting in Africa 

(Darimont et al., 2009). Such effects have been linked to strong selection pressure on the morphological 

traits exhibited by the animals but no general consensus has been reached because of lack of information 

(von-Brandis and Reilly, 2007). Adams (2004) propounded that sport hunting is often considered as a 

necessary part of wildlife protection, management and has been the driving force in conservation since 

the early 20th century but there is need for continuous monitoring to ensure its effectiveness because 

without monitoring, it can also lead to wild game population declines. 

In Zimbabwe, trophy hunting is a monitored form of wildlife utilisation which is controlled through the 

participatory quota  setting process system and is subjected to very strict legal and scientific 

requirements guided by the Parks and Wildlife Act (Chapter 20:14) (ZPWMA, 2013) Unpublished 

report. Although hunting in Zimbabwe is a well-developed industry, trophy quality trends have been 

little studied hence lack of information to make informed management decisions. 

Sengwa Wildlife Research Area annual report for the year 2013 indicated that, there was a decline in 

trophy size of elephant and buffalo (Moyo, 2013) Unpublished report. The trophies were less than 

satisfactory as the average trophy sizes were below the recommended Safari Club International (SCI) 

and Rowland Ward (RW) average size. Although, several studies have been conducted in SWRA, few 

studies have been conducted on trophy quality trends coupled with stakeholders’ perception on big game 

animals since the inception of hunting in in the year 2003, yet these are key species in the hunting 

industry hence there is lack of information on which to base informed management decisions on trophy 

hunting. Therefore, this study aimed at analysing trophy quality trends and stakeholders’ perceptions on 

elephant, lion and buffalo in SWRA for the period 2003 to 2013.  

Objectives 

1. To analyse trophy size trends of elephant, buffalo and lion from 2003 to 2013 in SWRA. 

2. To establish stakeholders perceptions on trophy size of elephant, buffalo and lion in SWRA. 

3. To determine whether stakeholders’ perceptions on trophy size were in line with the observed 

trends from quantitative data. 

METHODS 

Study Site and Population  

Sengwa Wildlife Research Area (SWRA) is situated in north-western Zimbabwe, about 100 km south 

of Lake Kariba (Tafangenyasha, 2000). It covers approximately 373km² and is situated about 96 km 

west of Gokwe. It lies between 28° 03′ and 28° 20’E and 18°0′and 18°13′S.The 2013 population status 

for elephant was 1 015, buffalo 915 and lion 13 (Moyo, 2013) Unpublished report. 

Research design 

Purposive random design was used in the study. The selected animal species (elephant, buffalo and lion) 

were chosen on their proven economic importance in the hunting industry (high prices obtained for their 

trophies) and due to their iconic status as members of the ‘big-five’. Key stakeholders (Safari Operators, 
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Professional Hunters and Wildlife Rangers) were purposively selected due to their knowledge in the 

hunting industry. The stakeholders were further randomly selected during administration of the 

questionnaires. 

Data collection methods 

The study used three techniques to collect data which included review of secondary sources on trophy 

size (quantitative), key informant interviews and questionnaires (qualitative). This logic supports a well-

known qualitative research technique called “triangulation”. Triangulation was used to cross check and 

at the same time increase the strength of the inquiry by compensating any existing loopholes that may 

result due to the use of one particular method (Oka and Shaw, 2000). 

Trophy quality data 

Secondary sources of data were used since there is a systematic way of recording all hunts taking place 

in SWRA ever since the inception of hunting in the year 2003. Information on trophy size is properly 

recorded and documented. Data on trophy size were obtained from hunting records kept at station level 

in SWRA and Hunting Return Forms (TR2) database kept at ZPWMA headquarters. Trophy size 

measurements were conducted using the (Safari Club International) SCI for (elephant and lion) and the 

Rowland Ward method for (buffalo). The data were recorded in inches for buffalo and lion but converted 

to centimeters using a scale of (1 inch = 2.54 cm). For elephant the measurements were recorded in 

pounds but converted to kilograms using a scale (1 pound = 0.4536 kg). The following variables were 

recorded for each species, year, trophy size, allocated and utilised quota per species from the year 2003 

to 2013 (Appendix 1). 

Questionnaires and interviews 

Questionnaires consisting of a list of pre-set questions (closed and open ended) were used to solicit for 

views on the key stakeholders’ perceptions on trophy quality of elephant, buffalo and lion in SWRA 

(Appendix 2). Stakeholders in the hunting industry who were interviewed included Professional Hunters 

(PH), Wildlife Rangers (WR) and Safari Operators (SO). Key stakeholders (PH, WR and SO) were 

purposively selected due to their knowledge in the hunting industry. The stakeholders were further 

randomly selected during administration of the questionnaires survey, which was personally 

administered in English. Time was given to explain the purpose of the survey and any clarification were 

provided. All respondents were assured of anonymity to increase chances of providing reliable 

information. 

Data Analysis 

Data on trophy quality were captured in Microsoft Office Excel and later exported to Statistix version 

10 (Analytical Software, 2012) were it was analyzed. Data were first tested for normality using the 

Shapiro–Wilk test for normality. Data were not normally distributed because the significant value of the 

Shapiro-wilk test was (p < 0.05) for all the three high value trophy animals. Therefore, an attempt was 

made to transform data to normality using the Log-transformation and Squareroot transformation. 

However, the Log-transformation and Squareroot transformation were not successful in transforming 

the data to meet the conditions of normality. 
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Since the data were not normally distributed, it was necessary to identify the appropriate test based on 

normality. Therefore, A One Way non-parametric analysis of variance (Kruskal Wallis) test, was used to 

test for significant difference in trophy sizes across the years from 2003 to 2013 per each species. This 

test was chosen specifically because it is a non-parametric test that can analyze more than two 

independent variables. The results from the test revealed that, there were significant annual variations 

for elephant and buffalo trophy quality (p<0.05), while for lion, the variations were not significantly 

different (p > 0.05).  

It was therefore necessary to establish which pairs were significantly different across the years as per 

species (elephant and buffalo). For this reason, Tamhane post hoc test was used since it does not assume 

equality of variance in the test variables. The Tumhane post hoc test was conducted particularly to 

identify the years (pairs) with significant difference for elephant and buffalo. In all the scenarios, 

statistical significance was inferred to at alpha level of 0.05. Using the confidence intervals of each 

proportion it was later possible to establish the pairs (years) that were significantly different.  

Data presentation for the Tamhane post-hoc test on elephant and buffalo were executed in Office 

Microsoft Excel and the year (pairs) with significant difference were shown by the different superscript 

letter. Allocated and utilised quotas as well as questionnaire data on key stakeholders’ perceptions on 

trophy quality for the three high value trophy animals were coded and presented on graphs and tables in 

Microsoft Excel. 

RESULTS  

The Kruskal Wallis test revealed that from 2003 to 2013, there were significant annual variations for 

elephant and buffalo trophy size (p < 0.05), while for lion, the variations were not significantly different 

(p > 0.05). 

Table 1: Kruskal Wallis test on trophy size of elephant, buffalo and lion from 2003 to 2013 in SWRA. 

Animals d.f. Sig/P_value 

elephant 10 0.001 

buffalo 10 0.001 

lion 10 0.395 

Elephant trophy size trend indicated a downward pattern since the inception of hunting in the year 2003. 

For the years 2012 and 2013 the trend shows a positive increase in mean annual trophy size. b) Buffalo 

trophy size trend displays a decline in mean annual trophy quality with 2009 showing the least mean 

annual trophy size. c) Lion mean annual trophy size has been gradually declining from the year 2003 to 

2005. However, the years 2006, 2008 to 2011 recorded no hunts, with the exception of the year 2012 

allocated no lion quota.  
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Figure 1: Mean annual trophy size trends for a) elephant, b) buffalo and c) lion from the year 

2003 to 2013 in SWRA displaying years with significant difference for elephant and buffalo after 

a Tamhane post-hoc test as shown by different superscript letter. 

a) Percentage quotas uptake for elephant ranged from 57% to 100% (Figure 3a). The years 2003 to 2006, 

2008 and 2009 recorded 100% quota uptake. The average quota uptake for elephant were 90% for the 

study period. b) Buffalo percentage quota uptake ranged from 75% and 100% for the study period 

(Figure 3b). The years 2004, 2007, 2009, 2010 and 2012 recorded 100% quota utilisation. The average 

quota uptake for buffalo were 91% c) Lion percentage quota uptake ranged from 0 and 100% in the 

study period (Figure 3c). For the years 2006, 2008 to 2011 there were no hunts with the exception of the 

year 2012 allocated no lion quota. The average quota uptake for lion were 45% for the study period.  

 

http://www.rcz.ac.zw/


10th Zimbabwe International Research Symposium Book of Papers Presented (ISSN: 2412-2386) 

 
Published by Research Council of Zimbabwe   

Website: www.rcz.ac.zw  374 

Figure 2: Percentage of quota uptake for a) elephant, b) buffalo and c) lion from the year 2003 

to 2013 in SWRA. 

A perceptions map of respondents targeted a wide variety of occupations. The interviewed respondents 

consisted of 56% Wildlife Rangers, 40% Professional Hunters and 4% Safari Operator. An examination 

of respondents’ experience in the hunting industry of SWRA varied from one (1) year to eight (8) years 

indicating a variety of conceptual opinions.  

About 93.3% of the respondents raised a concern that they were not satisfied with the current trophy 

quality for elephant and buffalo. For lion, only 36.7% of the respondents indicated that there were not 

satisfied (table 2).  

Table 2: Respondents satisfaction with current trophy quality 

Response elephant buffalo lion 

Percentage (%) Percentage (%) Percentage (%) 

No 

Yes 

Nil returns 

93.3 

6.7 

- 

93.3 

6.7 

- 

36.7 

20 

43.3 

All the respondents (100%) agreed that, elephant trophy quality was on the decline. For buffalo, 93.3% 

of the respondents indicated a decline in trophy quality and 6.7% reported that, there was no change in 

trophy quality. For lion trophy quality, 50% of the respondents did not provide any answers, only 20% 

indicated that there was a decline and 30% indicated that there was no change in lion trophy quality 

(table 3). 

Table 3: Percentage of respondents’ perceptions on trophy quality status 

Response  Elephant buffalo lion 

Percentage (%) Percentage (%) Percentage (%) 

Decline  

Increase  

No change 

Nil returns 

100 

- 

- 

- 

93.3 

6.7 

- 

- 

20 

- 

30 

50 

The majority of the respondents (87%) attributed the decline in trophy quality to poaching and trophy 

hunting (table 4). 
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Table 4: Respondents’ perceptions on perceived factors contributing to changes in trophy quality 

Respondents perceptions on factors 

contributing to changes in trophy quality  

                              Percentage (%) 

Poaching 73 

Trophy hunting 14 

Seasonal migration  6 

Habitat fragmentation 4 

Habitat loss 3 

Table 5 revealed that, about 80% of the respondents identified commercial poaching of elephant as the 

major factor causing trophy quality decline. For, buffalo about 80% of the respondents identified 

subsistence poaching as a factor negatively impacting trophy quality, whilst only 6.7% of the 

respondents indicated that commercial poaching of lion is contributing to trophy quality decline.  

 Table 5: Percentage of respondents’ perceptions on types of poaching 

Response  elephant buffalo Lion 

Percentage Percentage Percentage 

Commercial  

Subsistence 

Commercial/ 

subsistence 

Nil returns 

80 

- 

20 

- 

3.3 

80 

6.7 

10 

6.7 

- 

- 

93.3 

About 80% of the respondents’ shared the perception that Problem Animal Control (PAC) and 

Human/Wildlife Conflict (HWC) were also factors to consider contributing to the decline in trophy 

quality of elephant and buffalo. 

DISCUSSION 

The significant difference in trophy quality for elephant and buffalo as revealed by the test can be 

attributed to strong hunting selection pressure of certain qualities or morphological traits exhibited by 

the trophy animals. (Crosmary et al, 2013 noted that, hunters preferentially harvest older bulls because 

they generally have exceptional trophy quality than younger ones. Therefore species exposed to higher 

hunting pressure and higher trophy selectivity such as elephant and buffalo are more likely to experience 

a decrease in trophy quality. A decrease in trophy size may not only be detrimental to the viability of 

harvested trophy animals but also to the sustainability of trophy hunting as a conservation tool 

(Crosmary et al, 2013. 
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The African elephant mean annual trophy quality trend showed a downward pattern from 2003 to 2013. 

This can be attributed to hunting as a disturbance factor, thus from the inception of hunting, elephants 

were adjusting to the disturbance until 2011 revealing significant difference across the years. Hunting 

as a disturbance exerts remarkable interference on the hunted populations especially on spatial behaviour 

hence some animals may be forced to “temporarily or permanently” abandon their home-range as a 

reaction to the disturbance (Allendorf and Hardd, 2009). Therefore, mature elephants of quality trophy 

with experience of safer places such as Chizarira where hunting is not conducted might have migrated 

to such areas leaving behind young elephant bulls of low trophy quality. 

The results for buffalo mean annual trophy quality showed significant annual variance across the years. 

Therefore, it can be argued that from the onset of hunting in the year 2003 there was a huge preference 

for large pounders since hunters tend to be selective for large individuals game animals as revealed by 

high trophy quality during the initial years of hunting in SWRA. However, by selecting animals with 

the largest trophy it bears an impact on sustainable wildlife management because of targeting heritable 

traits (Coltman et al., 2003). This phenomenon usually results in scarcity of the most preferable 

buffaloes of quality trophies, causing gradual decline in trophy quality leading to significant difference 

across the years. Garel et al, (2007) noted that, sport hunting is one of the most pervasive and potentially 

intrusive human activity that affects wild game population if unmonitored. 

Lion trophy quality were gradually declining from 2003 to 2007 but was above the average 23 inches 

(58.4 cm) for the SCI unit. Lion populations are sensitive to hunting (Grobbelaar and Masulani, 2003) 

hence they are easily affected and this may cause undesirable changes over a short period of time. Lion 

populations are more sensitive due to social disruption of the potential for infanticide by incoming males 

following the removal of pride males. Riggio et al, (2012) noted that, lion have declined over the last 

century and particularly in recent decades. Amongst other potential threats the effect of trophy hunting 

on lions is controversial as it is said to confer both positive and negative impact which can led to 

population and trophy quality decline. 

The results revealed that SWRA may be populated by immature low value trophy animals in the long 

term if measures are not put in place to improve the supply site of trophy quality animals especially for 

elephants and buffaloes. More valuable trophy animals such as elephant, buffalo, lion, leopard and sable 

requires special attention because they may be exposed to higher hunting pressure hence more likely to 

experience a decrease in trophy quality (Crosmary et al, 2013). The decline in trophy quality may 

potentially affect income for the hunting industry if hunters choose to travel to areas where trophy 

quality is attractive (Crosmary et al, 2013) hence this may creates little or no impetus to conserve 

wildlife species thereby open the door for poaching. 

Fixed Hunting Quotas (FHQ) can also cause trophy quality dynamics and in most cases decline (Baker, 

1997). High fixed quotas force operators to take trophies of a size they would prefer to leave which may 

bear a negative impact on mean annual trophy quality, therefore hunting quotas must not be fixed so as 

to promote sustainable utilisation of wild game species. Reduced hunting pressure due to a reduction in 

issued quotas may allow trophy animals to grow quality trophies before being harvested (Crosmary et 

al, 2013). Fixed quotas are likely to encourage utilisation of the entire portion of the quota regardless of 

sustainability hence causing alteration in wild game animal trophy quality. 

http://www.rcz.ac.zw/


10th Zimbabwe International Research Symposium Book of Papers Presented (ISSN: 2412-2386) 

 
Published by Research Council of Zimbabwe   

Website: www.rcz.ac.zw  377 

The correct level of allocated (issued) quotas is the cornerstone for sustainability to ensure quality 

trophies, thus the decline in trophy quality leading to the downward trend for elephant and buffalo can 

be attributed to fixed allocated hunting quotas from 2005 to 2011 for elephant as well as from 2003, 

2005 to 2011 for buffalo. Lindsey et al, (2013) noted that, fixed quotas encourage over harvesting of 

trophy animals hence lower population density and alter trophy quality. Baker (1997) states that, 

establishment of quotas which are not sustainable and accurate may contribute negatively on trophy 

quality and population decline hence affecting the trophy quality trend of big game animals. 

The respondents attributed the decline in trophy quality to anthropogenic factors mainly poaching and 

trophy hunting. Seasonal migration, habitat fragmentation and habitat loss were viewed as minor 

contributory factors to trophy quality decline. High Poaching Pressure (HPP) was identified as the major 

factor causing trophy quality decline. Poaching of elephant is largely driven by external markets 

(commercial poaching) whilst for buffalo it is driven by internal factors including illegal bush-meat 

trade (subsistence poaching).  

The respondents during the questionnaire survey also identified habitat fragmentation as an important 

factor affecting trophy quality. Elephant and lion need larger home range than any other sympatric 

terrestrial mammals, as a result they are the first to be affected and eliminated by human encroachment 

(Disteguno, 2004). The human population in Africa is growing rapidly, and key threats to wildlife 

conservation include competition for land and human encroachment of wildlife areas. 

Problem Animal Control (PAC) is also another factor which was identified as affecting trophy quality. 

The response to PAC usually does not discriminate mature from immature animals due to the need to 

eliminate the problem at hand. Problem Animal Control off-take often results in large bulls being shot 

as they may be the predominant crop raiders (Grobbelaar and Masulani, 2003). About 80% of the 

respondents were of the view that PAC is an issue affecting trophy quality of elephant and buffalo. An 

increase in agricultural activities by the local communities living on the edge (peripheral) of SWRA 

usually attracts wildlife game animals which causes crop damage, human injuries and in some cases 

human and livestock loss thus Human and Wildlife Conflict (HWC).  

Lack of long-term security of tenure over many hunting concessions has prompted unsustainable over-

hunting of certain lucrative species, resulting in inferior trophy quality animals usually in state and 

communal land concession areas (Chimuti et al., 2000). One of the Safari Operators who is also a 

Professional Hunter in SWRA recommended that, Safari Operators should be given hunting leases for 

ten (10) years with options for roll-over for a further ten (10) years as this encourages long term attitudes 

to wildlife management and conservation because shorter duration of leases usually results in 

unsustainable trophy hunting. 

The results of the study in SWRA revealed that, the perceptions of stakeholders with more than four 

years hunting experience in SWRA corroborated the observed variations in trophy quality of elephant 

and buffalo obtained from field measurements. Amongst, other potential threats leading to variations in 

trophy quality the predominant ones were poaching and trophy hunting due to establishment of quotas 

which are not based on solid scientific data because trophy quality monitoring is rarely undertaken. 
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CONCLUSION 

The results of the study revealed a significant variance in elephant and buffalo trophy quality per species, 

while for lion the variations were not significantly different. The hypothesis that there is no significant 

difference in the trophy quality of elephant, buffalo and lion from 2003 to 2013 in SWRA per species is 

therefore rejected and accept the alternative hypothesis, whilst for lion the null hypothesis is returned. 

The perceptions of stakeholders with more than four years hunting experience in SWRA corroborated 

the observed changes in trophy quality obtained from field measurements. The respondents attributed 

the decline in trophy quality to anthropogenic factors mainly poaching and trophy hunting. Seasonal 

migration, habitat fragmentation and habitat loss were viewed as minor contributory factors to trophy 

quality decline. Therefore, were quantitative data on trophy quality are unavailable, information from 

experienced hunters can provide a useful insight on trophy quality trends.  

RECOMMENDATIONS 

Wildlife managers at SWRA should continue measuring and analysing trophy quality trends because 

such data are essential for decision making processes to attain sustainable utilisation of wildlife 

resources through consumptive tourism. There is need to regularly undertake population estimates of 

the three species as a management tool. There is also need to determine the home range of the trophy 

species as they may be utilised in other nearby areas where there is trophy hunting (e.g. the Gokwe 

CAMPFIRE area). Duration of hunting leases should be reviewed. It is recommended that consideration 

be made for the granting of ten-year leases, with an option of a ten-year extension. This lease period 

would allow operators to make long-term investments in the trophy hunting industry, thereby 

contributing to the sustainable utilisation of these species.  
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APPENDICES 

APPENDIX 1: DATA SHEET SHOWING YEARS, MEAN ANNUAL TROPHY SIZE, ALLOCATED AND UTILISED QUOTA FOR BUFFALO, 

ELEPHANT AND LION IN SWRA FROM 2003 TO 2013 

 

Trophy size measurements were recorded in inches (buffalo and lion) and pounds (elephant) using the Safari Club International (SCI) for (elephant and 

lion) and the Rowland Ward method for (buffalo). 

buffalo elephant lion

Years Mean annual trophy size Allocated quotaUtilised quota Years Mean annual trophy size Allocated quotaUtilised quota Years Mean annual trophy size Allocated quotaUtilised quota

2003 39.50 20 16 2003 52.44 8 8 2003 25.21 5 5

2004 38.65 17 17 2004 47.67 6 6 2004 25.19 3 3

2005 38.06 20 18 2005 55.89 9 9 2005 24.88 2 2

2006 38.67 20 15 2006 46.67 9 9 2006 No_hunt 2 0

2007 38.50 20 20 2007 44.75 9 8 2007 24.50 2 1

2008 38.50 20 16 2008 48.56 9 9 2008 No_hunt 2 0

2009 35.70 20 20 2009 41.78 9 9 2009 No_hunt 2 0

2010 36.40 20 20 2010 42.38 9 8 2010 No_hunt 1 0

2011 37.16 20 19 2011 36.63 9 8 2011 No_hunt 1 0

2012 36.00 14 14 2012 40.50 7 4 2012 No_hunt 0 0

2013 35.67 14 12 2013 45.00 6 4 2013 15.00 1 1
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ABSTRACT 

Suitable living space and grazing range of the common hippopotamus (Hippopotamus amphibius) were 

assessed along major riparian habitats in Gonarezhou National Park, Zimbabwe. The suitability of 

hippopotamus living space and grazing range were determined as the status of river banks and water 

pools within a 5 km radius of active and potential school sites between April and May 2013. Our results 

show that Runde River had a higher population of hippo than Save River. This variation was attributed 

to the availability of more suitable grazing pastures along Runde River compared to Save River. 

Specifically, Runde River was characterised by flat slopes and sandy banks. In contrast, Save River was 

characterised by rapids, muddy waters and shallow pools. Interestingly, grazing quality was similar 

between the two rivers. We conclude that the higher numbers of hippo in the Runde River than Save 

River was likely due to the availability of suitable habitats. Our study could serve as a baseline study 

for bio-monitoring of the Save and Runde rivers status using large aquatic herbivore species in riparian 

ecosystems. We recommended that park management continuously monitor the hippopotamus 

population and its distribution in Gonarezhou.  

Keywords: Forage, Gonarezhou, habitat, Hippos, rivers 

INTRODUCTION 

 Increased degradation, fragmentation and loss of wildlife habitats, particularly in rangelands primarily 

to cultivation and settlements, due to human population growth and development is accelerating wildlife 

population declines (Martin, 2005; Zisadza-Gandiwa et al., 2014; Gandiwa et al., 2014). For instance, 

aquatic species have been affected by overharvesting and habitat degradation in Zimbabwe (Zisadza-

Gandiwa et al., 2013). The common hippopotamus (Hippopotamus amphibius) (hereafter, hippo) is a 

semi-aquatic African large mammal (Eltringham, 1999; Boisserie et al., 2005). The hippo is classified 

as vulnerable on the red data list of the International Union for Conservation of Nature (IUCN) and 

placed on Annex II of the International Convention on Trade in Endangered Species (CITES) (IUCN, 

2010).  The reliance of hippos on fresh water habitats puts them at odds with increased human population 

and agricultural expansion and development in and around wetlands (Zisadza et al., 2010; Gandiwa et 

al., 2013).  
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Hippos have been monitored in Gonarezhou National Park, southern Zimbabwe, since the 1960’s across 

the three main rivers, namely; Save, Runde and Mwenezi. From 1965 to 1982, there was a significant 

increase in the hippopotamus population in all the three rivers within Gonarezhou National Park. The 

second trend was a significant population decline from 1983 to 1996. Lastly from 1997 to 2008, there 

was a decline in all rivers. That period also saw the disappearance of hippopotamus in Mwenezi River 

(Zisadza et al., 2010). These declines and disappearance have been attributed to past droughts, siltation 

and persecution. The influx of hippos to Runde River was evident in all surveys. 

There is thus a need to establish the reasons for such a distribution pattern. As hippos have two main 

ecological requirements (ideal daily living space and adequate grazing range), there is need to 

investigate and understand the habitats and grazing sites preferred by hippos as this will assist in 

revealing if and to what extend habitat loss or unavailability as well as feed site related constraints have 

contributed to the distribution pattern of hippos in Gonarezhou National Park as well as the hippo 

population trends and their disappearance in some rivers.  

Although the causes of the worldwide decline in hippopotamus have been noted to be habitat loss, 

poaching and persecution (IUCN, 2010), the reason for the decline in Gonarezhou National Park has not 

yet been fully understood. The range of hippos has become increasingly restricted in recent decades, a 

contraction that has been accompanied by substantial declines in abundance with the most recent 

estimates suggesting population declines of 7-20% between 1996 to 2004 in African rivers (Lewison, 

2007). This has amplified the need to develop effective conservation measures (IUCN, 2010). Various 

aspects of the ecology of hippos have been studied in relation to their habitats and environment (Chansa 

et al, 2010) and these have proved to be vital in understanding the population trends in those study areas. 

The present study seeks to explore the hippo-habitat relationship across Save and Runde rivers in 

Gonarezhou National Park and aims to contribute to our current understanding on the populations’ 

distribution, hence the formulating of management strategies on the species. The study looks at the 

possibility of using animal dynamics as an indicator of the state of the river. Specifically, the objectives 

of the present study were twofold: (i) to determine the abundance and distribution of the hippos across 

Save and Runde rivers in Gonarezhou National Park, and (ii) to compare hippo grazing range 

characteristics and the geomorphologic attributes of the daily living space preferred by hippo between 

Runde and Save rivers in Gonarezhou National Park. 

MATERIALS AND METHODS 

Study Area 

Gonarezhou National Park covers about 5053 km2 in southeastern Zimbabwe adjacent to the Gaza 

Province of Mozambique (ZPWMA, 2011). The climate of Gonarezhou National Park is considered 

semi-arid (Gandiwa and Kativu, 2009). The average rainfall recorded during the period running from 

1992 to 2013 is 486 mm. The mean maximum temperature calculated for the period running from 1992 

to 2011 is 30°C the minimum average for the same period being 19°C. The vegetation of Gonarezhou 

National Park is typical of the semi-arid mopane zone and is predominantly dry deciduous savanna 

(59%), scrub (40%), and savanna grassland (1%) (ZPWMA, 2011).  
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Gonarezhou National Park has a low relief and its altitude varies between 163 and 578 m above sea 

level. The cretaceous sandstones form a plateau that is incised by Mwenezi River in the southwest, Save 

and Runde rivers in the northeast, and to a lesser extent, the Guluene River in central Gonarezhou 

National Park.  

Perennial water supplies in the park are provided by the three major rivers, namely; Mwenezi, Runde, 

Save and their tributaries which give rise in the park (ZPWMA, 2011).  There are numerous seasonal 

pans on the Cretaceous sandstones that provide widespread and abundant water during the rainy season, 

but most become dry in winter (May-August) in normal years, only retaining water throughout the year 

after an exceptionally wet year. Major dams have been constructed on the upstream catchments of the 

Mwenezi River (Manyuchi dam), Runde (Mutirikwi, Bangala and Manjirenji dams) and Save (Osborne 

dam) rivers, which have significant impacts on downstream flow regimes within the Park drainage 

system (ZPWMA, 2011). There are two points where permanent artificial water supplies have been 

developed, these being Benji weir to the south of the Runde, and Massassanya Dam within the Pombadzi 

area between the Save and Runde Rivers. 

Data collection 

Hippos were counted from a plane, a Cessna 185, with a crew of a pilot, recorder and two observers as 

described by Zisadza et al. (2010) in northern Gonarezhou National Park (see Figure 1). Aerial surveys 

were done along the sections of Runde (77 km) and Save (32 km) rivers. Hippo census was carried out 

during May 2012, which is the cool dry season, when water levels are moderately low and hippos will 

be concentrated in the remaining water pools. Flights were carried out in the afternoon. The 

Geographical Positioning System (GPS) readings for all hippo sightings were taken using the aircrafts 

fitted GPS.  Hippos are difficult to distinguish their sex and as such the population structure was based 

on animal size. Three size classes were considered: adult, sub-adult and juvenile. Adult hippos were 

those hippos that are full grown and the sub-adult would fall into the category in between the adults and 

juveniles, that being the middle size. Juvenile hippo were taken and recorded as those hippos small in 

size and smallest age group size. If a herd of hippos was sighted and there was need for an accurate 

count the pilot would circle over them.  

 

http://www.rcz.ac.zw/


10th Zimbabwe International Research Symposium Book of Papers Presented (ISSN: 2412-2386) 

 
Published by Research Council of Zimbabwe   

Website: www.rcz.ac.zw  384 

 

Figure 1. Study location in northern Gonarezhou  National Park, southeastern Zimbabwe 

Daily Living Space Assessment 

After the aerial survey, ground truthing was done on 10 selected sites along the rivers and on inland 

water bodies which harboured hippos. The 10 sites were selected systematically as those inhabited by 

hippo. On reaching the hippo site we then examined the habitat (daily living space) of that hippo herd 

and established the geomorphologic structure of that habitat. The population structure of the hippo herd 

was also established and this was done by observing the members of the hippo school (group) as they 

came up above the water surface. The habitat’s main features that is the riparian and geomorphologic 

structure (whether it is a river bend, pool, confluence, inland water body and others) were recorded as 

well as the river bank characteristics which were bank steepness and whether the bank was rocky or 

sandy. The water body attributes examined were presence of rapids, whether the water was clear or not. 

Grazing site assessment  

For each of the 10 sites, 2-5 plots, measuring 30 × 20 m² were randomly designated at different 

vegetation types and sampled. The points selected were within a 5 km radius of the water bodies of 

Runde and Save rivers. In each sample plot, the percentage cover of three growth forms of vegetation 

which are grass, vascular plants and trees as well as bare ground were visually estimated. The term 

vascular plant was used to identify those herbaceous plants which were not grasses. Grass species in 

each sample plot were identified using a grass field guide. In those plots which had grazing lawns we 

also recorded and scored the intensity of grazing for each species in the plot with the grazing score set 

on a scale of one (no clear evidence of grazing) to four (heavily grazed), based on visual assessments. 

The grazing lawns were assumed to be hippo grazing lawns and this assumption was favoured by the 

presence of hippo spoors. The existence of hippo spoor and/or dung in the plot was also recorded as well 

as that of other herbivores. 
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Data Analysis 

Hippo data were compared over the period 2008 to 2012. Hippo numbers for the two study strata were 

computed as well as the age group sizes. These were summed to give the total number of hippo as well 

as their age structure in Gonarezhou National Park. The GPS locations of all the sightings were plotted 

to give a distribution map of hippos along the rivers and in water pans in northern Gonarezhou National 

Park. A qualitative analysis of hippo distribution was used in establishing the preferred habitats. Hippo 

densities were found by dividing the total number of hippo in each river by the length of that river 

providing the hippo/km value for each stratum. The hippo schools were further categorized into 3 groups 

in relation to the school size and these were compared to their habitat location. A Wilcoxon Signed 

Ranks Test was done in comparison of grass species diversity (calculated using Shannon-Weiner index) 

in Runde and Save river study strata, the percentage grass cover between the two strata and Decreaser 

species as well as the Increaser 2 (II) species between the two strata. A Chi-square test was done to 

establish the relationship between grazing intensities and the River stratum. Jaccard’s Index of similarity 

was used in calculating the level of species similarity between the strata. The average percentage covers 

of each grass species in each study strata was obtained by averaging the percentage covers of the specific 

species in all the plots sampled in that strata. 

RESULTS 

Of the 337 hippo counted, 272 were found in Runde River, 9 in Save River, 19 in Tamboharta Pan, 23 

in Massasanya Dam, and 14 in Machaniwa Pan. The hippo population in Runde River increased over 

the period 2008 to 2012 while the Save population did not increase (Figure 2).  
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Figure 2. Hippopotamus populations in Runde and Save Rivers, Gonarezhou National Park, Zimbabwe 

over the period 2008 to 2012. 

Adult hippos were the most abundant (59%), followed by sub-adults (23%), and least was the juveniles 

(19%). No juvenile hippos were found in Save River (Figure 3).  

 

Figure 3. Hippo population structures for Runde and Save rivers, Gonarezhou National Park, southern 

Zimbabwe in 2012. 

Hippopotami Distribution and Habitat Preferences across Save and Runde Rivers 

Runde River recorded a larger number of hippo schools (43), average group size (7) and hippo density 

of 3.1 km-1 as compared to Save River which had small hippo schools (6), average group size (2), and a 

low hippo density of 0.2 km-1 (see Fig. 4). The hippos were mostly sighted on river bends, pools and in 

pans/dams during the surveys. Hippo schools greater than 20 were mostly found along the Runde River, 

Massassanya dam, Machaniwa pan and Tamboharta pan (Figure 4). 

 

0

20

40

60

80

100

120

140

160

180

Adults Sub-adults Juveniles

N
u
m

b
er

Group

Runde

Save

http://www.rcz.ac.zw/


10th Zimbabwe International Research Symposium Book of Papers Presented (ISSN: 2412-2386) 

 
Published by Research Council of Zimbabwe   

Website: www.rcz.ac.zw  387 

 

Figure 4. Distribution of hippo schools across the study area in Gonarezhou National Park, southern 

Zimbabwe in 2012. 

Geomorphologic and physical attributes of the Runde and Save rivers. 

Save River banks were predominantly rocky while on the Runde River, 43% of the sites assessed were 

rocky and 57% sandy. Of the study sites assessed along the Runde River, 85% of them had clear water 

as compared to 50% along the Save River. All the sites assessed along Save River had noticeable rapids, 

whereas for Runde River only 14% had rapids with the remaining 86% having still and slow flowing 

water. All the sites examined along the Save River had steep bank slopes, whilst for the Runde River 

only 29% had steep slopes with the other 71% having gentle bank slopes.  

Hippopotami grazing range characteristics along Save and Runde Rivers in GNP 

There were no significant differences in the following variables/parameters; percentage of decreaser and 

increaser 1 species (Figure 5), mean number of species (Figure 6), grass species diversity (Figure 7), 

percentage cover of grass (Figure 8) along the Runde and Save River systems (Wilcoxon signed rank 

test, all, P > 0.05).  Moreover, across the study strata, similarities were recorded on grass species 

diversity and grazing intensity (Jaccard´s similarity index = 0.38).  
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Figure 5. Mean (±SE) percentage of Decreaser and Increaser 2 (II) species along the Runde and Save 

Rivers, Gonarezhou National Park, southern Zimbabwe. 

 

Figure 6. Mean (±SE) number of grass species in species along the Runde and Save Rivers, Gonarezhou 

National Park, southern Zimbabwe. 
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Figure 7. Mean (±SE) grass species diversity indices species along the Runde and Save Rivers, 

Gonarezhou National Park, southern Zimbabwe 

 

Figure 8. Mean (±SE) grass percentage cover species along the Runde and Save Rivers, Gonarezhou 

National Park, southern Zimbabwe. 

DISCUSSION 

Hippopotamus abundance and distribution 

We recorded a significantly larger number of hippos within Runde River as compared to the Save River 

system within Gonarezhou National Park. Zisadza et al. (2010) attributed this preference of hippos in 

Runde River to the availability of large pools, sand banks and higher volume of water as compared to 
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the study was not an unexpected result as hippo numbers in the Save River have always been recorded 

to be very low in past surveys (Magadza et al., 1993; ZPWMA, 2011). 

The hippo population within Runde River is in itself distributed further with hippopotami being densely 

populated on certain sections of the river (Figure 4). More hippos were observed from Chipinda Pools 

to Chinguli-Linanga and then on specific sites which were Chilojo, Nyahungwe, Gota, Chitove and a 

few were sighted onwards to the Runde-Save River Confluence. The sections absent of hippos are the 

shallow waters of the Runde River that are likely to have less pools or have shallow pools and these 

were noticeable during the aerial survey. These shallow portions are inhabitable since hippos have to be 

submerged in water during the day to cool off (Eltringham, 1999). Save River also runs along the park 

boundary and is as such accessible to surrounding communities, it can thus be suggested that human-

wildlife conflicts (Gandiwa et al., 2012; Gandiwa et al., 2013) as well as wildlife-livestock interactions 

(Gandiwa et al., 2011) could to some extent also negatively influenced the distribution of hippos along 

Save River. Kanga et al. (2011) suggested that land-use changes and livestock herding may be adversely 

affecting hippos in the section of the Mara River, Kenya, and the general distribution of hippos is 

influenced by the availability of water as well as secondary factors like topography, structure of group, 

availability of forage and human influences. 

Grazing range characteristics and attributes of the living space of hippos 

In the present study, hippo schools were aggregated in large pool sites that had ideal sand banks located 

on river bends (Figure 4). Steep rocky gorges with falls and rapids characterize Save and Runde rivers 

(ZPWMA, 2011) but they are however more pronounced in Save River along with shallow pools as 

compared to Runde River, hence, this could explain the high abundance of hippos within Runde River 

(Viljoen, 1980), where gentle slopes were observed along the river bank. The nature of hippo skin 

requires that they have suitable basking and wallowing sites. Smithers (1983) explained that hippos have 

low fat reserves under their skin and as such need to bask to keep warm. In respect to river 

geomorphology, river bends and confluences provide sand bars for hippos basking as well as deep pools 

for day time cooling, making them suitable daily living space sites. The sensitivity of hippo skin to heat 

and the cold thus requires basking and wallowing sites. For hippos, wallowing could be in clear or 

muddy water (Eltringham, 1999) and this is evident for both Save and Runde river hippo sites which 

had muddy water but still harbored hippos. 

The present study revealed that Save and Runde rivers had grass species similarity, thus, the plant 

communities across the two study strata were similar. This collaborates with Mackie (1973) who 

concluded that Save-Runde river systems ran along Urochloa/Digitaria communities. The grass species 

most commonly and intensively grazed appeared to be Urochloa mosambicences, Cynodon dactylon, 

Panicum maximum, Tricholaena monachne, Chloris gayana, Hemarthria altissima, Sporobolus 

pyramidalis, Urochloa panicoides, Digitaria eriantha and Eragrostis trichophora. The grazing 

intensities of the grasses also were not significantly different between the two river systems. Grazing 

intensity was not influenced by the river type and so hippos were grazing more or less the same. Hippos 

in Gonarezhou National Park were observed to have trends of grass species utilization which vary from 

one season to another (Mackie, 1973) and also hippos were also considered to be able to graze more 

selectively when grazing is abundant. 
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Save and Runde river systems showed a higher percentage of Increaser ІІ grasses as compared to 

Decreaser grasses (Figure 5). This suggests that the sampled veld (adjacent to water bodies) was 

overgrazed. This could be explained by the fact that hippos prefer to graze near their daily living space 

and are reported to graze there until they have to move further from their wallowing sites (during the 

dry season) in search of forage (Eltringham, 1999). Mackie (1973) reported hippos in Gonarezhou 

National Park move further from the rivers in the dry season, this suggests that hippos would have 

depleted the resources in nearby grazing sites within the river banks (Eltringham, 1999). Other studies 

have reported that hippos can travel long distances in search of grazing. For instance, O’Connor and 

Campbell (1986) recorded hippos in Gonarezhou National Park to reach distances of 6.5 km depending 

on the status of the grazing area whereas Chansa et al. (2011) reported hippos in the Luangwa, Zambia 

as being confined to a 5 km radius of their daily living space.  

The availability of adequate grazing sites greatly influences hippo distribution. Accordingly, Chansa et 

al. (2011) argued that areas with high primary production and high frequency of palatable grass species 

would have high hippo populations. In that regard, we argue that Runde River is likely to have a higher 

primary productivity as compared to Save River. However, hippos have a primary requirement which is 

to satisfy their aquatic conditions which make up their daily living space as well as the nature and 

provision of the preferred pastures and forage (Jablonski, 2004). Thus, this requires detailed studies on 

the extent to which the grazing site productivity has influenced the observed hippo distribution in 

Gonarezhou National Park. Hippos have two main habitat requirements: (i) water to rest in during the 

day, and (ii) grass to graze at night. Hence, their populations are regulated by either of the two or by 

both when there is no human intervention (Oliver and Laurie, 1974).  

CONCLUSION 

We conclude that hippo distribution in Gonarezhou National Park, southern Zimbabwe is mainly 

influenced by the presence of a suitable daily living space. Hippo were distributed and more densely 

populated in sections of Runde River and this river system was found to be providing larger water pools 

for wallowing and sufficient gentle banks for basking. The distribution of hippos in Gonarezhou 

National Park is thus mainly influenced by the daily living space attributes characterised by 

geomorphologic and physical parameters of the river system. We recommended that park management 

need to continuously monitor the hippo population in the park as well as the rainfall pattern (Gandiwa 

and Zisadza, 2010). More substantial studies need to be carried out on the feeding habits of hippos and 

the carrying capacity of Gonarezhou National Park. This would assist management by providing 

information on how grazing site availability is impacting the hippo population and to what extent this 

has bearing on distribution as well.  
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ABSTRACT 

Forest resources are integral to the livelihoods of rural households in many developing countries, and it 

is suggested that deforestation will negatively impact rural wellbeing by reducing the availability of 

provisioning ecosystem services. However, deforestation may not impact household wellbeing if 

ecosystem services can be derived from non-forest ecosystems. This paper reports on a questionnaire 

survey examining dry season use of provisioning ecosystem services in June/July 2014 by households 

in Wedza District, Zimbabwe, at varying distances from high biomass miombo woodland, assessing 

both which resources are used and where in the landscape these resources are derived. The findings 

indicate that although some resources such as construction poles are woodland specific, others such as 

wild-sourced foods are primarily derived from non-woodland land cover types. Predicting wellbeing 

impacts of forest loss therefore requires understanding of where in the landscape resources are procured 

and whether forest-specific services can be replaced by households in deforested areas.  

Keywords- Ecosystem Services – Miombo Woodland – Deforestation – Wellbeing 

INTRODUCTION 

Forest and woodland resources are integral to the livelihoods of the rural poor in many developing 

countries. These ecosystems are the source of vital ‘provisioning’ services, meaning goods of direct 

livelihood importance such as woodfuel, food, construction materials and medicinal plants. Forest 

resources have been found to act as a crucial safety net in the face of environmental and economic 

shocks (1,2,3,4) and, with forest dependence being highest among the very poor, play a key role in 

reducing income inequality within rural communities (5,6) 

Southern Africa is currently experiencing substantial deforestation, with estimated declines in forest 

cover of 0.6% per year (7), and it is hypothesised that this will negatively impact the wellbeing of the 

rural poor (8). It is argued that as forest cover declines and land use becomes more intense, there will be 

a decline in species and functional trait diversity which will undermine ecosystem service provision (9), 

and this hypothesis is supported by Brown et al.’s (10) study of modified tropical forest habitats in 

Madagascar. Declines in provisioning services would therefore lead to declines in rural wellbeing, for 

example necessitating the use of sub-optimal fuel sources due to fuelwood shortages (11, 12, 13) or 

reducing the availability of medicinal plants (14,15). 

However, one issue with this hypothesis is that it is unlikely that deforestation will impact all ecosystem 

services in the same way. The response of an ecosystem service to deforestation is likely to be mediated 

by characteristics of the species underlying that service. Forest obligates will likely be negatively 

impacted by deforestation (16,17,18), but some plant groups such as vines and palms may increase in 

abundance following deforestation due to increased light levels (19, 20) and the availability of services 

provided by these groups could thus even increase in deforested landscapes. 
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Species of livelihood value such as wild fruit trees may also be actively preserved during deforestation 

(21). Even if a forest species providing a provisioning service was to decline, a different species may 

colonise the deforested ecosystem which can deliver the same service, as McGregor (21) observed with 

wild vegetables in Shurugwi Communal Area, Zimbabwe.  

Furthermore, many rural landscapes in Southern Africa are not simple binary structures of service-rich 

forest versus service-poor non-forest, but complex matrices of ecosystems such as wetlands, active and 

unused agricultural land and forests of varying ecological structure. The link between deforestation and 

wellbeing assumes that the majority of provisioning services are derived from forests, but in some cases 

provisioning services may be derived primarily from non-forest environments, either because species of 

livelihood importance are more abundant in these ecosystems or because of difficulties accessing forest 

resources. Pouliot et al. (22) found that non-forest environmental income was significantly more 

important than forest income for households in Ghana and Burkina Faso, with the authors arguing that 

this was primarily due to the strict access rules barring rural households from utilising forest materials. 

In such cases a distinction needs to be drawn between those ecosystem services theoretically available 

in a landscape and those services which are genuinely relevant and accessible to rural communities (23). 

The loss of a service would have minimal wellbeing impact if that service was never originally 

accessible to rural households.  

Understanding the wellbeing ramifications of forest loss therefore does not simply involve chronicling 

which environmental resources are used by rural households, but also knowing where those resources 

are derived within the landscape and whether services originally provided by forest species can be 

replaced by households in deforested areas.  

OBJECTIVES 

The objective of this study is to ascertain whether use of provisioning ecosystem services by rural 

households in Wedza Communal Area declines with increasing distance from high biomass woodland, 

and whether certain provisioning ecosystem services are specific to high biomass woodland. Although 

only reflecting livelihood strategies of rural households during the dry season and being only the initial 

steps in a longer research project, the aim is to improve understanding of how deforestation could impact 

provisioning ecosystem services and thereby wellbeing in rural Zimbabwean households.  

METHODS 

Study Site 

Fieldwork was carried out between April and August 2014 around Gandamasungo Mountain (1660m 

above sea level), the southernmost peak of the Wedza Mountain range. The mountain is covered by 

miombo vegetation, dominated by Brachystegia glaucescens (Muunze) on the higher slopes and by 

B.boehmii (mupfuti), B.spiciformis (Musasa) and Julbernardia globiflora (Munondo) lower down (24). 

Government regulations and traditional cultural values have preserved the woodland on the mountain, 

and high levels of deforestation in the surrounding area mean that Wedza Mountain can now be 

identified on land cover maps such as that recently developed by Hansen et al. (25) as the sole reservoir 

of high biomass woodland in a largely deforested landscape. Although there are patches of degraded 

miombo woodland in communal land grazing areas, distance from the mountain is therefore an effective 

proxy for distance from high biomass woodland. 
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Wedza Communal Area is situated in the Mashonaland East province of Zimbabwe, around 70km south 

of the town of Marondera. The communal area is in Natural Region 2b, receiving 700 to 1050mm rainfall 

per year (26), and agriculture is an important part of household livelihood strategies, with key crops 

including maize (chibage: Zea mays), groundnuts (nzungu: Arachis hypogaea) and Bambara groundnuts 

(nyimo; Vigna subterranea). Livestock, vegetable gardening, wage labour and remittances are also 

important income streams (27). In common with other studies in Zimbabwe (5, 21), households in 

Wedza District have been documented to draw upon a wide range of non-cultivated environmental 

resources (28).  

High biomass woodland was defined as woodland with a high density of trees >5m in height and can be 

clearly identified on maps published by Hansen et al. (25). Three pairs of villages in different locations 

with respect to high biomass woodland were asked to participate in the study. Villages A and B are 

situated next to the tarred road from Wedza to Sadza, with households being between 2.5 and 4km 

straight line distance from the high biomass woodland (equating to a walk of between 1 and 2 hours). 

Villages C and D are on the western edge of the mountain woodland and villages E and F are to the east 

of the mountain between the woodland and the Save River. Villages E and F are also more isolated, 

being at a greater distance from the area’s main shops at Garaba township and Wedza Growth Point. 

Village Map Creation 

Two participatory mapping groups were held in each village, one of men and one of women, with group 

sizes ranging from 5 up to 20 people. The men’s group in Village C requested to draw the map directly 

on to paper, but all other groups created maps on the ground using local materials like leaves. Maps 

included landmarks such as roads, rivers, grazing areas, gardens and boreholes, as well as all the 

households in the village.  

Four walk-and-talk interviews were carried out per village, two with men and two with women. All 

participants were long term (>5 years) village residents either nominated by the Sabhuku (village head) 

or recruited opportunistically at mapping groups. A route of the interviewee’s choosing was followed 

through the village using the landscape as stimulus for discussion, with these unstructured conversations 

giving insight into village geography, ecology, history and predominant livelihood strategies. The length 

of the interview was determined by the interviewee, with walk-and-talks lasting between 35 minutes 

and 2.5 hours. Interviews were recorded using dictaphones and tracked using Geographical Positioning 

Systems (GPS). Points of discussion were photographed and the GPS location of the photograph 

recorded. 

Information from mapping and walk-and-talk interviews was combined with Google Earth satellite 

imagery in QGIS (an open-source Geographical Information System software) to create maps of each 

study village. This information was also used to generate a land cover typology, combining land cover 

types recognised by local people with ecologically defined land cover units. Maps were taken back into 

study villages and checked with focus groups of four people to ensure that no important features had 

been omitted. Household lists were also checked with these focus groups to identify any missing 

households, and a record was made of the number of residents in each household and the identity of the 

household head.  
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Household Questionnaire 

A household questionnaire was administered in 104 households across the 6 villages between June and 

August 2014 (Table 1), collecting data on household income streams and use of environmental 

resources.  

Table 1. Total number of households and number of questionnaires carried out in each study village.  

Village Total 

Households 

Households 

in Survey 

Percent 

Coverage 

A 66 26 39% 

B 46 18 39% 

C 42 17 40% 

D 54 21 39% 

E 9 9 100% 

F 31 13 42% 

Total 246 104 42% 

Village E is small, so the whole village was included in the study. 91 further questionnaires were 

distributed across the other five villages proportional to village size. Households were given a numeric 

code and selected using an online random number generator, with the random sample stratified by the 

identity of the household head (male, woman with husband working away, widow) and by total 

household size (1-2, 3-5 and 6+ residents) proportional to the representation of each of these groups in 

each village. An additional household was later added in each of the four largest villages to include 

households with interesting livelihood strategies not felt to be sufficiently represented in the sample.  

Data on use of provisioning ecosystem services was collected as part of the larger household 

questionnaire. Where possible the interview was carried out with the household head or with the wife 

of the household head. Initial interviews lasted between 45 minutes and 2 hours. If the main respondent 

was unsure of any details then follow up interviews were carried out to speak with the relevant household 

members. Data were collected on all natural resources collected in the previous month, including the 

amount collected, the household member collecting the resource, the number of times the resource was 

collected and the location from which the resource was obtained. Environmental resources which had 

been purchased (e.g. some households reported buying thatching grass) were not included in the 

analysis. Households were also asked which trees they most often collected for firewood and which 

species they used to provide natural fibres.  

A descriptive approach was adopted for establishing resource derivations. At the point of administering 

the questionnaires the researcher had already created the village maps and knew the study area very 

well, and this meant that respondents could be asked to describe where they collected a resource and the 

researcher was sufficiently familiar with the study area to mark the location on a map. Locations could 

then be ascribed to different classes in the land cover typology. 

Data Analysis 

The number of households collecting key environmental resources (poles, thatching grass, fibres, wild 

foods and medicinal plants) in the previous month was analysed using chi squared goodness of fit tests 
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to assess whether there was a significant relationship between the village in which a household was 

located and collection of certain resources. Small sample size necessitated grouping data from pairs of 

villages equidistant from mountain woodland (A/B, C/D and E/F). Data were collected on all natural 

resources, but as the interest of this paper is in provisioning ecosystem services, mineral resources such 

as gold were omitted from the analysis.  

Reflecting the fact that this research is still at an early stage, sample sizes for data on where in the 

landscape resources are derived are still small and it was therefore determined that statistical analysis 

would be inappropriate at the present time. These data are therefore presented for discussion as the 

percentages of households procuring each ecosystem service from different land cover types.  

RESULTS 

Use of Provisioning Ecosystem Services 

Households reported having collected a wide range of environmental resources in the preceding month 

(either June or July 2014, dependent on the date on which the questionnaire was administered). The 

most commonly collected resource was firewood (97% of households), followed by construction 

materials such as poles and thatching grass (82%), wild sourced foods (42%), medicinal plants (37%) 

and natural fertilisers such as leaf litter (17%) (Table 2). The majority of environmental goods were 

collected for use within households, but a small number of households also reported collecting 

environmental resources for sale either in raw material form or after adding value (Table 3). 

There was a significant relationship between village pair (A/B, C/D and E/F) and the number of 

households collecting construction poles (χ2=11.97, d.f.=3, p<0.005) and natural fibres (χ2=12.87, 

d.f.=3, p<0.005) in the previous month, with residents of villages A and B appearing markedly less likely 

to have collected either of these resources (Fig 1). There was no significant relationship between village 

pair and the number of households collecting thatching grass (χ2=2.57, d.f.=3, p>0.10), wild foods 

(χ2=5.36, d.f.=3, p>0.9) or medicinal plants (χ2=0.17, d.f.=3, p>0.975). 

Derivations of Provisioning Ecosystem Services 

Data from mapping groups, walk-and-talks and satellite imagery were collated to identify ten land cover 

categories (Table 4). 

Environmental resources were collected from a wide variety of land cover types (Table 5). Firewood 

was primarily obtained from woody ecosystems, with 46.5% (n=46) of households reporting collecting 

firewood from high biomass miombo, 24.8% (n-=25) from degraded miombo and 23.8% (n=24) from 

kopjes and termitaria 

Fibres were also primarily obtained from woody ecosystems (78% of the 64 households that reported 

collecting fibres obtained these fibres from high biomass miombo), as were construction poles, with 

31.7% (n=13) of households that collected poles obtaining them from high biomass miombo and 22.0% 

(n=9) from degraded miombo woodland.  

However, high biomass miombo was not the dominant source of wild foods, medicinal plants or 

thatching grass. 86% (n=49) of households that reported collecting thatching grass had collected the 

resource from their own fields.  
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Only 23.7% (n=9) of the 38 households reporting collecting medicinal plants had obtained the plants 

from high biomass miombo woodland, with 23.7% (n=9) reporting deriving medicinal plants from 

kopjes and termitaria, and degraded miombo, active contours and wetlands also being important source 

land cover types. The most important land cover types for wild sourced foods were the household’s own 

fields (33.3% of 42 households reporting collecting wild foods), rivers (33.3%) and  

Table 2. Percentage of households reporting having collected different categories of environmental 

resource in June/July 2014, separated by village and for total sample.  

Resource % of households collecting resource 

  

Village A 

(n=26) 

 

Village B 

(n=18) 

 

Village C 

(n=17) 

 

Village D 

(n=20) 

 

Village E 

(n=9) 

 

Village 

F 

(n=13) 

 

All 

households 

(n=104) 

 

Firewood 

 

100.0 

 

94.4 

 

94.1 

 

100.0 

 

100.0 

 

92.3 

 

97.1 

Constructio

n material 

 

69.2 

 

50.0 

 

76.5 

 

95.2 

 

100.0 

 

92.3 

 

81.7 

Fibres 42.3 34.6 52.9 71.4 100.0 84.6 61.5 

Thatching 

Grass 

53.8 50.0 58.8 66.7 66.7 30.8 54.8 

Poles 11.5 23.1 35.5 61.9 55.6 61.5 39.4 

Thorn Trees 7.7 16.7 11.8 4.8 22.2 15.4 11.5 

 

Wild Foods 

 

38.5 

 

26.9 

 

52.9 

 

19.0 

 

44.4 

 

76.9 

 

42.3 

Mice 11.5 11.1 11.8 19.0 11.1 30.8 15.4 

Fish 15.4 16.7 5.9 9.5 11.1 30.8 14.4 

Wild Fruit 19.2 0.0 17.6 4.8 0.0 30.8 12.5 

Other 7.7 11.5 23.5 0.0 22.2 15.4 12.5 

Medicinal 

Plants 

 

46.2 

 

19.2 

 

17.6 

 

47.6 

 

11.1 

 

53.8 

 

36.5 

Natural 

Fertilisers 

 

7.7 

 

11.5 

 

11.8 

 

14.3 

 

44.4 

 

30.8 

 

17.3 

Grass for 

cattle kraal 

3.8 5.6 0.0 4.8 11.1 0.0 3.8 

Leaf Litter 3.8 0.0 0.0 9.5 44.4 23.1 9.6 

Cow Dung 3.8 5.6 5.9 4.8 0.0 15.4 5.8 

Termitarial 

Soil 

3.8 3.8 0.0 0.0 0.0 0.0 1.9 

Bat Guano 

 

0.0 0.0 5.9 0.0 0.0 0.0 1.0 

Table 3. Number of households out of 104 reporting selling environmentally derived materials in 

June/July 2014, either in raw material form or as products.  
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Households selling items in raw material form 

 

Thatching 

Grass 

Mice Medicinal 

Plants 

Fish Firewood Bushmeat 

8 7 5 4 3 1 

 

Households selling products made from environmental goods 

 

Sweeping 

Brooms 

Ropes Carpentry 

Items 

   

 

 

1 2    
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Fig 1. Percentage of households in each pair of villages reporting collecting construction poles 

(left) and natural fibres (right) in June/July 2014.  
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Table 4. Land cover typology for Wedza Communal Area integrating both ecological characteristics and 

local definitions.  

 Land Cover Category Key Characteristics 

Tree-dominated land cover classes 

1 ‘Intact’ Miombo Woodland High biomass woodland found only on the mountain, with high 

density of tall trees (>5m). Abundant species include 

Brachystegia boehmii, Brachystegia spiciformis and 

Julbernardia globiflora.  

2 Degraded Miombo (common 

property) 

Mainly found in lower altitude grazing areas and on long-term 

abandoned fields. Trees smaller (generally <5m) and more 

sparsely distributed. Abundant species include B.spiciformis , 

J.globiflora and Burkea africana.  

3 Riverine Woodland Found along banks of Save and Sengezi rivers. Also around 

small streams in patches termed gute because of abundance of 

mukute trees (Syzygium guineense/Syzygium cordatum). 

4 Private Woodland/Woodlot Miombo woodland characterised by abundance of B.spiciformis 

and J.globiflora. Similar to class 2, but controlled by land 

owner rather than by access rules associated with common land.  

5 Kopjes and termitaria Kopjes (zvikomo) are small rocky hills. Both kopjes and 

termitaria often retain some tree cover when surrounding land is 

deforested for agriculture.  

Agricultural land cover classes 

6 Active Contours22 Fields currently in use or used for agriculture in the previous 

three years.  

7 Abandoned Fields Fields unused for more than three years but still dominated by 

grasses, with limited regrowth of woody species. Long-term 

abandoned fields with significant woodland are classed as 

degraded miombo and are used as grazing areas by local people.  

8 Gardens Small patches of land near water sources, usually fenced with 

thorn trees and used for growing vegetables. 

Rivers and wetlands 

9 Streams and rivers Including the Save, Sengezi and Chivaro rivers and a number of 

smaller streams. Only the Save and the Sengezi contain water 

throughout the year.  

10 Wetlands Grass dominated wetland ecosystems. Mapping groups 

recognised two wetland types, bani (seasonally dry wetlands) 

and dofonya (wet throughout the year).  

 

                                                 

 

 

22 Agricultural extension programmes encouraged contours to be created in field systems to reduce soil erosion. Divisions of agricultural  

land are therefore often referred to as ‘contours’ by local people rather than as fields. Contours are generally equivalent to approximately 

one acre, although this is not a standard measure and there are larger and smaller examples (Pritchard, personal observation).  
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Table 5. Percentage of households that collected a resource in June/July 2014 reporting deriving that 

resource from different land cover types.  

 

Rows may add up to more than 100 as many households reported multiple source locations for one 

resource. The land cover type most often reported by households as the source of an ecosystem service 

is highlighted in bold. wetlands (21.4%). Only 7.1% (n=3) of the households which reported collecting 

wild sourced foods had obtained those foods from high biomass miombo woodland. 

Residents of different villages appeared to preferentially utilise different land cover types with respect 

to firewood. In villages A and B the most important source land cover type for firewood was degraded 

miombo, whereas in villages C to F the highest proportion of households reported collecting firewood 

from high biomass miombo (Fig 2). There was also a difference in the main tree species utilised for 

firewood in each village. Musasa, Munondo and Mugodo (Combretum sp.) were widely used in all 

villages, but in villages C to F a high proportion of households reported collecting Mupfuti and Muunze, 

whereas in villages A and B households reported collecting Muzeze (Peltophorum africanum), Munzwa 

(a general name for thorny tree species such as Dichrostachys cinerea) and Mushava (Monotes sp.) (Fig 

3). A similar pattern was observed regarding natural fibres, with high biomass woodland being the 

prevalent source of fibre in villages C to F, whereas degraded miombo was the prevalent source land 

cover type in village A and B (Fig 4). In villages A and B 75% and 62.5% respectively of households 

which had collected natural fibre in the previous month reported collecting B.spiciformis fibre. In 

villages C to F, however, fibre from B.boehmii was the most used, with between 64 and 88% of fibre-

collecting households reporting using this kind of fibre (Fig 5).  
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Fig 2. Percentage of households in each village reporting collecting firewood from different types 

of woody ecosystem in June/July 2014. Households in villages A and B report primarily using 

degraded miombo, whereas villages C to F use high biomass miombo.  

Fig 3. Percentage of households in each pair of villages naming each of the six most often collected 

trees as a tree often used in their household for firewood. While households in all villages report 

using Musasa, Munondo and Mugodo, Mupfuti and Muunze are primarily used in villages C to F 

whereas minzwa are only reported to be used in villages A and B.  

Fig 4. Percentage of households that collected fibre in June/July 2014 who reported obtaining 

that fibre from each of the two main woodland ecosystem types. Residents of villages A and B 

primarily source fibre from degraded miombo, whereas households in villages C to F obtain 

fibre from the high biomass mountain woodland. 
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DISCUSSION  

The results suggest that households at greater distance from high biomass woodland may exhibit reduced 

usage of some environmental goods, but also that high biomass woodland is not the sole or primary 

source of many provisioning ecosystem services in the dry season. 

A substantially smaller proportion of households in the two villages at greatest distance from high 

biomass woodland reported collecting construction poles or fibres in the previous month than in villages 

C to F. These two resources were almost universally derived from woodland ecosystems, either high 

biomass or degraded miombo, and reduced collection of construction material supports previous 

findings that Zimbabwean rural households are highly specific in choice of construction tree species 

(29,30), with the preference for certain tree species and the need for larger diameter poles meaning that 

shortage of construction poles will be felt at lower levels of deforestation than other services such as 

firewood (31).  

Fig 5. Percentage of fibre collecting households in each village reporting collecting each of 

the two most common types of natural fibre. Residents of villages A and B mainly collected 

Musasa (B.spiciformis) fibre, whereas residents of villages C to F primarily collected Mupfuti 

(B.boehmii) fibre. 
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Caution should be exercised, however, in assuming that distance from high biomass woodland is the 

sole potential cause of reduced collection of poles and fibres. Higher incomes in Villages A and B might 

promote building with bricks rather than wood, or there may be differences in household labour force 

availability. These alternative explanations will require further exploration in future field seasons.  

Firewood was also almost universally collected from woodland ecosystems, although the primary source 

of firewood in villages A and B was degraded miombo rather than the ‘intact’ miombo utilised in villages 

C to F. Five households in Village A did report having collected firewood from the mountain woodland, 

but the common factor in these households was possession of or access to a scotch cart (a cart pulled by 

cattle), allowing the collection of large loads of firewood (27). Scotch carts were listed by focus groups 

in the study area as an indicator of wealth (27), suggesting that collection of wood from the mountain is 

an option restricted to wealthier households. The different source locations of firewood are reflected in 

the main species used, with B.boehmii and B.glaucescens in villages C to F being substituted by thorny 

species like D.cinerea and Monotes species in villages A and B. A similar substitution was observed for 

natural fibres, with the majority of residents in villages C to F utilising fibre from B.boehmii, whereas 

the majority of residents in villages A and B utilised B.spiciformis fibre. The fact that all but three 

households reported collecting firewood in the local area suggests that there is still sufficient fuel in the 

degraded miombo ecosystems, and there was little evidence that households were being forced to use 

suboptimal alternatives such as dung as has been observed in other studies (11,12,13). Continued use of 

firewood may also reflect a perception among residents of the study area that there are few viable 

alternatives to woodfuel (27). 

Wild-sourced foods were very rarely derived from high biomass woodland even in villages near to the 

mountain. This reflects the predominant wild-sourced foods being consumed in the study area in the dry 

season, namely mice sourced from active fields, fish from rivers, and wild fruit trees such as Mutohwe 

(Azanza gurckeana) which are often found on lowland kopjes and termitaria. High biomass woodland 

was also only one of a number of important source locations for medicinal plants, with other important 

source locations being wetlands and kopjes and termitaria. The importance of kopjes and termitaria in 

delivering a number of services suggests that these may act as high diversity resource ‘islands’ in 

deforested landscapes – McGregor (32) reported that kopjes in the largely deforested Shurugwi 

Communal Area retained relatively undisturbed woodland, while there are indications from studies in 

the Serengeti of Tanzania that kopjes may exhibit higher diversity of some plant groups (33) and unique 

community composition (34) compared to surrounding grassland landscapes. Such islands may 

potentially be important in buffering the livelihood impacts of forest loss. 

It should be remembered when looking at the data from this study that only dry-season behaviour is 

currently reflected. Many of the resources discussed are seasonal, particularly medicinal plants and wild 

sourced foods, and conversations during the walk-and-talk interviews revealed a number of resources 

not available in the dry season. Two resources in particular, fruit from Muzhanje tree (Uapaca kirkiana) 

fruit and wild mushrooms, were mentioned as being particularly abundant in high biomass miombo 

woodland during the rainy season. Patterns of human behaviour will also change substantially between 

seasons, particularly in relation to different parts of the farming season – for example, many respondents 

mentioned that cutting wood from the high biomass woodland on the mountain is more likely to take 

place during the late dry season, when households are stockpiling wood before the rains and the main 

farming season.  
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The future rounds of the household questionnaire survey in the wet season and late dry season will 

therefore be key in building a picture of ecosystem service utilisation across the whole year. These future 

rounds will also give an opportunity to quantify environmental income and to determine which 

ecosystem services and which land cover types are the most important contributors to household income 

in different villages.  

CONCLUSIONS AND RECOMMENDATIONS 

The data collected thus far in this study suggest that although high biomass woodlands may be the 

primary sources of some provisioning ecosystem services such as construction poles, other services such 

as wild-sourced foods are derived from a wide range of different land cover types. The ramifications of 

this are that some ecosystem services will be heavily impacted by deforestation, but other services will 

be maintained as long as landscapes exhibit sufficient diversity of land cover types. Predicting the 

wellbeing impacts of forest loss therefore relies upon identifying which provisioning ecosystem services 

are unique to forest ecosystems, determining the relative importance of these provisioning ecosystem 

services to rural households, and identifying whether forest-derived provisioning ecosystem services 

can be easily substituted utilising non-environmentally derived resources.  

These findings also have consequences for conservation schemes orientated around the payment of local 

communities for ecosystem services. In developing such schemes, it is important to reflect local realities 

rather than assuming that high biomass woodland is of high livelihood importance. Detailed 

understanding will be required of precisely which services are irreplaceably derived from woodland in 

order to incentivise conservation activities.  
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ABSTRACT 

Softwood sawmilling industry provides the necessary raw materials needed for construction and making 

of furniture, hence its importance in infrastructure development of a country. This study was undertaken 

to analyze the impact of limiting factors, i.e. (i) raw materials, (ii) transport, (iii) skilled labour, and (iv) 

machinery. These factors were used as non-financial measures in conjunction with profitability ratios, 

i.e., (i) gross profit margin, (ii) net profit margin, (iii) return on investment, (iv) return on capital 

employed, (v) capital turnover and (vi) accounting rate of return, as financial measures. This study 

employed structured questionnaires administered to twenty (20) small-to-medium- and seven (7) 

medium-to-large-scale sawmills to elicit their responses and to obtain their financial records, 

respectively. Additional information was obtained by follow-up interviews. Numerical data for each 

limiting factor was analyzed by exponential trend curve fitting function in MS excel to establish their 

relative significance. Financial statements, i.e. income statements and balance sheets, compiled from 

sawmill data were used for determining profitability ratios and other ratio analysis. The slope of the 

trend curve revealed that skilled labor had the highest impact followed by raw material and transport. 

The shape of the exponential trend curve was such that the impact such as reaches a maximum limit at 

certain high factor values. All the profitability ratios especially for sawmills that allocated less than 100 

m3 of timber per month were below industrial average, which indicated that most sawmills performed 

poorly. The study revealed that performance of small-to-medium-scale sawmills could be improved by 

recruiting skilled machine operators through which sawn timber recovery will reduce transport and 

loading cost to increase profit by ensuring that most of the material transported is converted to sawn 

timber. 

Keywords: Limiting factors, Profitability ratios, Sawmill performance, Sawn timber recovery. 

1. INTRODUCTION 

Zambia has a land area of 74.339 million hectares of which approximately 44.6 million hectares is 

covered by indigenous forests and woodlands (Makumba 2002). The Copperbelt province is the major 

producer and supplier of both pine and eucalypt timber on 40,137 hectares and 10,382 hectares, 

respectively managed by Zambia Forestry and Forest Industries Corporation (ZAFFICO) (ZAFFICO 

2008). 

The state-run ZAFFICO, which was formed in 1982, replanted 63% of the 1250 hectares planned 

between 2004 and 2008 (ZAFFICO 2008). There is an increased timber for timber resources for mining 

and construction sector (Chivuno 2010). This has translated into establishment of more sawmills, which 

is the order of 400 for Zambian National Association of Sawmillers (ZNAS) members. The sawmilling 

can be wasteful as recovery rarely exceeds 50% and volume lose of about 20% is incurred at the 

harvesting stage by leaving behind logs which are shorter than 5 m because there is no market for short 
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pieces of sawn timber (Chivuno 2010). So, as demand increased, the number of sawmills increased, and 

so did the amount of timber harvested and the volume of waste generated. To curtail waste, ZAFFICO 

reduced timber allocation as from January 2011 with other sawmills getting as low as 35 m3 from the 

previous 100 m3 (Zambia Review 2012). The allocation is only sufficient to sustain production for at 

least 2-3 weeks which has adversely affected the performance of Copperbelt Province sawmills. 

Although the reduction in raw material is the most visible adverse limiting indices on the performance 

of sawmills, there are other factors such as: shortage of skilled labor, lack of highly efficient machinery 

and lack of management skills which contribute to the operational viability of sawmills (Bendery et al. 

1994). 

A study in Kenya has shown that the Kenyan forestry and sawmilling industry has also been subjected 

to a changing business environment since 1999, when the industrial forest plantations were closed down 

(Kiuru 2009). The recovery rates of sawn timber for most sawmills are very low due to use of 

inappropriate technology that leads to excessive waste of harvested timber and increased demand 

(Chivuno 2010; Ogechukwu 2006) to make up for softwood conversion inefficiencies. The study 

explored factors other than reduced timber allocations that are limiting sawmill performance. The 

research question was: ‘Which limiting factors have the highest impact on the performance of small 

scale sawmills?’ 

The purpose of the study was to analyze the impact of limiting factors, i.e. (i) raw materials, (ii) 

transport, (iii) skilled labour, and (iv) machinery in conjunction with financial ratios, i.e. (i) gross profit 

margin, (ii) net profit margin, (iii) return on investment, (iv) return on capital employed, (v) capital 

turnover and (vi) accounting rate of return, on the performance of small-to-medium-scale sawmills. The 

objectives were to (i) identify limiting factors which had the highest impact on the performance of small-

scale-sawmills, (ii) establish strategies sawmills are using to mitigate the effects of limiting factors, and 

(iii) investigate how limiting factors affected the profitability of sawmills. 

2 METHODS 

2.1 Sampling 

A sample of 6% was randomly selected from three hundred and forty (340) small-to-medium-scale 

sawmills registered in 2011 with the Zambia National Association of Sawmillers (ZNAS) and ZNAS 

secretariat. ZNAS members process pine and eucalypt timber grown on ZAFFICO plantations in the 

Copperbelt province at sawmills in Kalulushi, Kitwe and Mufulira districts. Small-to-medium-scale 

sawmills were stratified according to the amount of timber ZAFFICO allocated them monthly into 35, 

40, 50, 65 and 100 m3 strata. A few sawmills which process eucalypts were not considered as the timber 

volumes involved were negligible. Seven (7) medium-to-large-scale sawmills situated in Kitwe district 

provided data used in calculating profitability ratios and for determining the industry averages. Unlike 

most small-scale and some medium-scale sawmills, large-scale sawmills had accounting records. 

2.2 Data collection and processing 

Structured questionnaires were administered to 20 small-to-medium-scale sawmills and ZNAS to elicit 

their responses. Additional information was obtained by follow-up interviews. 

Financial statements, i.e. income statements and balance sheet, for five (5) double blinded medium-to-

large sawmills were prepared from their accounting records. Financial statements for small-to-medium-
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scale sawmills were compiled from questionnaire responses using a template provided by ZNAS. Six 

(6) profitability ratios were then calculated from these financial statements as follows (equation 1 to 6): 

Gross Profit Margin (GPM) = 
𝐺𝑟𝑜𝑠𝑠 𝑝𝑟𝑜𝑓𝑖𝑡

𝑆𝑎𝑙𝑒𝑠
 (1) 

Net Profit Margin  (NPM)  = 
𝑁𝑒𝑡 𝑝𝑟𝑜𝑓𝑖𝑡

𝑆𝑎𝑙𝑒𝑠
 (2) 

Return on Investment (ROI) = 
𝑁𝑒𝑡 𝑝𝑟𝑜𝑓𝑖𝑡

𝐶𝑜𝑠𝑡𝑠 𝑜𝑓 𝑖𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡
 (3) 

Return on Capital Employed (ROCE) = 
𝑁𝑒𝑡 𝑝𝑟𝑜𝑓𝑖𝑡

𝐴𝑣𝑒𝑎𝑟𝑔𝑒 𝑐𝑎𝑝𝑖𝑡𝑎𝑙
 (4) 

Capital Turnover  = 
𝑁𝑒𝑡 𝑠𝑎𝑙𝑒𝑠

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑤𝑜𝑟𝑘𝑖𝑛𝑔 𝑐𝑎𝑝𝑖𝑡𝑎𝑙
 (5) 

Accounting Rate of Return (ARR) = 
𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑎𝑛𝑛𝑢𝑎𝑙 𝑝𝑟𝑜𝑓𝑖𝑡

𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑖𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡
 (6) 

 

Sawmills’ performance measurement areas were profitability, solvency and risks (Watts 1993). This 

study focuses on the profitabitility. These were assessed by analysis of financial ratios (equations 1 to 

6) and limiting factors analysis. 

Numerical data for each limiting factor was obtained by representing raw material, transport, skilled 

labour and machinery in monetary terms and analyzed by exponential trend curve fitting function for 

limiting factor-verses-net profit in MS excel to establish their relative significance. 

2.3 Data analysis 

The profitability ratios were calculated and an exponential trend curve was used to determine limiting 

factors with the highest impact on the performance of sawmills. 

3. RESULTS 

3.1 Profitability ratios 

Table 1 shows the profitability ratios for small-to-medium-scale sawmills named A to E according to the 

amount of timber allocated. The results show that most of the profitability ratios were below industry 

average. ROCE ratios especially for sawmills allocated less than 100 m3 were also very low, which 

reflected that these sawmills were not utilizing assets to their full potential. 
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Table 1: Profitability ratios of small to medium scale sawmill categorized according to the 

amount of timber allocated 

Volumes 

(m3) 

Sawmills 

Industry 

Avg. 

A B C D E 

100 65 50 40 35 

NPM (%) 9 6 3 2 1 11 

GPM (%) 40 30 45 53 25 51 

ROCE (%) 20 9 4 2 1 14 

Capital turn-

over 

2.3 

times 

1.9 

times 

0.1 

times 

0.5 

times 

0.2 

times 0.3 times 

ROI (%) 12 10 1 6 4 10 

ARR (%) 42 17 2 3 2 13 

Where:  

GPM is Gross Profit Margin, NPM is Net Profit Margin, ROCE 

is Return on Capital Employed, ROI is Return on Investment and 

ARR is Accounting Rate of Return. 

Figure 1 shows profitability ratios for each sawmill in relation to other sawmills, with different timber 

allocation. GPM was very high while the NPM was very low in all sawmills. Even though the GPM 

margin seemed high, it was still below the national industry average. 

 
Figure 1: Profitability ratios for sawmills 

GPM ratio was very high compared to other ratios, with the percentages ranging from 25 to 53%, but it 

was still below the industry average (51%) due to the high costs of loading and transporting timber. 

NPM ratio was below industrial average; this might be attributed to higher average overheads for the 

level of sales generated and high administrative and selling expenses (Table 2). 

ROCE for Sawmills B, C, D, and E were negative, which was an indicator of loss from their operations. 

Improvement in the profit margin will help increase this percentage by reducing operational costs. 
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Capital turnover of sawmills C and E was low, there was a need to utilize its capital effectively to 

generate more sales. 

Given the same net profit after tax, because there was differences in the age and condition of fixed assets, 

which tend to complicate interpretation of this ratio, a business with highly depreciated fixed assets will 

have higher ROI than with new fixed assets. 

Sawmills C, D and E were operating below the acceptable ARR of 13%; this is not an attractive 

investment. These sawmills were getting very little timber and operated for two weeks per month, which 

is not very viable for growth. 

3.2 Findings from questionnaire and interviews 

Figure 2 shows that the recovery rate ranged from as low as 16% to as high as 57%. 

 
Figure 2: Timber purchases and recovery 

An analysis of the income statements showed that sawmills were making very little profit ranging from 

as low as ZMK 4 million per month, some were even running at a loss. The sales were consumed by the 

operating costs. It was also evident from the survey result that the majority of sawmills were constrained 

by shortage of raw materials, lack of proper operating cost control devices and improper utilization of 

resources. 

It was apparent, with regards to ZAFFICO’s allocation system, that raw material reductions were affect-

ing performance (Table 2). Banks do not give loans to small-to-medium-scale sawmills as they have 

collateral, even though the lending rates were also not affordable. With these low profits, sawmills were 

unlikely to invest in better machinery. 
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Table 2: Limiting factors 

Factors Percentage 

Shortage of timber 100% 

Problem in accessing loans 94% 

Inadequate skilled staff 71% 

Inability to control operating 

costs 

53% 

Transportation costs 53% 

Use of old machinery 80% 

3.3 Strategies being used by sawmills for survival 

Some sawmillers have adopted strategies to keep operating and achieving high profits such as follows; 

 Introduction of carpentry and joinery, 

 Improving quality and selling to mining companies with competitive prices, 

 Made sawmill machinery to rip stabs for tomatoes boxes and pellets, 

 Converting wood waste to saleable merchandise and, 

 Buying timber from those who could not afford to buy their quotas. 

3.4 Analysis of limiting factors 

3.4.1 Raw materials shortage 

The survey indicated that 100% of the respondents regarded the issue of raw materials as a daunting 

problem, although the sector can consider importing timber from neighboring countries. As there is a 

scarcity in timber, which is clearly out of control, the only way to stay in business was through the 

control of operation costs, utilizing the scarce timber in a more efficient way by increasing recovery and 

adding value. This would improve profits. There is also a need for government to intervene and help 

ZAFFICO start replanting more vigorously and expand its plantation hectares. 

3.4.2 Inadequate skilled labour 

Shortage of skilled labour was a common feature of small industries. Many workers were self-trained 

artisans whose skills were normally below standard. Family affiliations of the owner often dictated 

selection of workers, regardless of their skills. 

There was only 30% of skilled workers in the small to medium sawmill industry. The problem of 

inadequate skilled workers with insufficient sawmilling skills was the major cause of the inability of 

most sawmills to maximize recovery and control costs of operation. The implication of having such 

workers was the incurrence of high operation costs, low turnover as well as irregular and unreliable 

workmanship. 

3.4.3 Problems in assessing loans to (recapitalize) equipment 

Sawmills need funds for buying modern equipment and working capital. To obtain the necessary funds 

small-medium scale sawmills have to compete in the financial market with large-scale sawmills. Small-

medium-scale sawmills not borrow as banks usually demand collateral that sometimes they cannot 

provide and banks also doubt if they have the ability to repay the loans on time. 
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3.4.4 Transport costs 

A sawmill that could procure logs nearby had an advantage over sawmills that had to haul timber over 

much longer distances. The transport costs were 25% of the sales, which is very high (Table 2). As time 

can roughly be used as a proxy for cost, the farther the haulage distance to sawmills, the more expensive 

the haulage. Public and plantation roads in Zambia were in a very poor state which increased wear and 

tear of trucks. 

3.5 Impact of limiting factors on financial performance 

An exponential trend line fit, i.e. limiting verses-net profit, in MS excel was used to investigate the 

impact of each limiting factor on net profit (Figure 3). The amount by which net profit changed when a 

limiting factor changed indicated the level of impact. The smaller the amount by which net profit 

increased in relation to change in the limiting factor the higher was the impact. 

The four limiting factors were the independent variables; (1) raw materials, (2) machinery, (3) skilled 

labor and (4) transport. The dependent variable was the performance of the sawmill which was 

financially measured as net profit (Chong 2008). The shape of the exponential trend curve is such that 

the impact reaches a maximum limit at certain high limiting factors values. 

 

Figure 3: Exponential trend lines fitted, on the data of limiting factors, by MS excel software 

Table 3 shows the mathematical expression of the exponential models for each of the four limiting 

factors illustrated in Figure 3. The coefficients of determination values of 0.94 to 0.98 for the entire 

limiting factors indicated a very good fit. 
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Table 3: Exponential equations for each limiting factor verses net profit 

Limiting Factor Model R2 

Skilled Labor  y = 2E+06e3E-06x 0.96 

Raw material y = 2E+06e3E-07x 0.98 

Transport y = 2E+06e2E-07x 0.98 

Machine  y = 4E+06e1E-07x 0.94 

The limiting factor analysis revealed that skilled labor had the most impact followed by raw material 

and transport. This meant that the higher the skilled labor, the higher the performance of sawmill and 

the lesser the transport costs the higher the net profit. 

Therefore, small-to-medium-scale sawmills performance could be improved by recruiting skilled 

machine operators through which recovery will be increased and higher raw material allocation could 

be secured from ZAFFICO. 

The effect of machinery was low because it is dependent on machine operator skills and regular 

maintenance. For example, an unskilled operator will not be able to obtain high sawn timber recovery 

even when given a machine in an excellent condition. 

3. DISCUSSION 

The study established that the major factors affecting the small-to-medium-scale sawmills were largely 

exogenous to the industries and differ from one industry to another. Some of these problems were 

peculiar to specific sawmills such as lack of skilled labor and raw materials. 

Skilled workers need full time work to survive, with most sawmills operating two weeks in a month, 

then the remainder of the month was idle time. 

With the dwindling forest plantations, it was very difficult to plan, as the future would be bleak. 

Even if ZAFFICO started planting trees in 2012, it was a bit too late as eucalypt trees need more than 

10 years to grow to merchantable sizes, so the reduced allocation will in for years to come. Therefore, 

ZAFFICO should look at the allocation system in view of sawmills which get less than 50 m3. These 

sawmills were unable to achieve high profits, the little profit they made could be consumed by operation 

costs. Sawmills were finding it hard to make future plans because of the uncertainty of raw materials 

supply. 

The study further more found that only one sawmill out of the 20 sawmills studied had the latest 

machinery, the Woodmizer, which could give very good recovery when operated by a skilled machine 

operator. 

Very few sawmills were willing to process eucalypt, which had no harvesting limits at ZAFFICO 

plantations. The reason being that they had no skills in processing eucalypt, and neither is there a well 

developed market for the ensuing product. 

5 CONCLUSIONS 

Large scale sawmills were adding value to much of their products through further processing, such as 

kiln drying, carpentry, and joinery. Small-to-medium-scale sawmills were primarily producing sawn 
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timber and the quality of the products was poor. With so much competition from bigger sawmills, 54 

smaller sawmills couldn’t attract competitive buyers such as the mining industry and export markets. 

Sawmills with the lowest timber allocation were adversely affected by the resource limitations, and 

because these sawmills had not committed to the strategy of increasing recovery. 

The small-to-medium-scale sawmills are “Stuck in the middle” situation (Porter’s 1980) even if 

ZAFFICO was to increase allocations because their recovery is very low, which leads to inefficient 

utilization of resources. This erodes plantations at a faster rate, while a large proportion of wood will be 

converted to waste, such as sawdust. 

Skilled labor, raw materials and transport costs were found to be the main factors affecting performance 

of small-to-medium-scale sawmills. Raw material allocation was not the leading limiting factor as 

perceived by many sawmillers. 

5.2 RECOMMENDATIONS 

The performances of small-to-medium-scale sawmills in Zambia could be boosted by the following: 

 ZAFFICO should consider expanding pine plantation hectares and other players to establish 

new plantations on suitable sites throughout the country. 

 Small-to-medium-scale sawmills should improve the quality of their products to attract 

lucrative local and export markets. 

 The Bank of Zambia and financial institutions in consultation with Government should 

formulate legislation and policies to attractive investment by small-to-medium-scale sawmill 

entrepreneurs. For example, cost of doing business and lower interest rates. 

 Government to prioritize rehabilitation of the existing road networks to reduce transport 

costs. 

 Training of small-to-medium-scale sawmillers in harvesting, logistics, wood processing 

technique and production management, value addition, and financial skills. For example, 

improvements in the use of appropriate cost control techniques. 

 In order to enhance the adoption of appropriate techniques and profitability, small-to-

medium-scale industries should employ skilled labour, support training of operatives and 

retain them. 

 Harvesting and wood processing should not be solely done by sawmillers. ZAFFICO could 

instead generate more revenue be selling sawlogs, not standing trees, so that sawmillers could 

just focus on timber processing. 

 Sawmillers to employ Strength, Weakness, Opportunities and Threats (SWOT) analysis for 

strategic assessments (Cole 2006) and development of situational strategies. 

 Sawmillers to focus on product quality and value for money by employing modern wood 

processing technologies improve recovery and focus on viable products. 

 For sawmills to enter new markets, there is need for wood products to be produced to meet 

the standards expected by both local and export markets and adopt continuous quality 

improvement programmes. 
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 Sawmillers to keep production facilities operating efficiently, increase level of borrowing to 

fund new developments and maintain tight budgetary control over expenditure (Hendrick et 

al. 1985). 

 Sawmills should develop and retain a core of skilled personnel and subcontract casual 

workers to reduce salary bills.  

 Sawmillers should convert sawdust into saleable products such as briquettes and organic 

manure. 

  The Universities and Colleges could start fee competitive training programs to equip 

sawmillers with critical skills. 

 Sawmillers should map out short- and long-term objectives and work towards those 

objectives. 

 Sawmillers should cut operational costs, and improve quality in order to increase profits. 
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ABSTRACT  

Local authorities have a responsibility to collect and dispose of waste material in their area of 

jurisdiction. Waste management in large cities is better understood but the same cannot be said of smaller 

towns. The study of Mvurwi, a small town in Zimbabwe was surveyed to assess solid waste management 

strategies through establishing sources of solid waste, mode of collection, transportation, storage and 

disposal. Interviews, questionnaires and field visits were used in the study. The survey established that 

households produce most of the solid waste. Solid waste is transported to open dumps where there are 

no proper engineered measures. Waste segregation at source is not practiced. Most of the solid waste 

produced is biodegradable and recyclable although there is minimal recycling. Waste disposal is a 

function of waste management which has major shortcomings in Mvurwi. Integrated waste management 

is recommended. Women’s voices should be taken aboard in waste management. 

Keywords: Bio-degradable, reduction and recycling, solid waste, waste generation, waste management 

INTRODUCTION 

Rapid growth of urban centres, increase in packaging and plastics and the resultant solid waste 

generation have rendered traditional solid waste management system whose main elements are 

collecting, transporting and disposing of solid waste unsustainable and inefficient. The thrust of solid 

waste management in Zimbabwe has been on the major cities hence there is paucity of information on 

solid waste management problems’ affecting small towns.Poor solid waste management is one of the 

environmental problems facing urban centres in emerging economies. Very few urban centres in 

emerging economies have sustainable waste disposal systems that follow the (G)eneration, (S)torage, 

(C)ollection, (T)ransportation and (D)isposal [GSCTD] model to reduce waste. Accumulated waste 

threatens health, damages the environment and negatively affects the quality of urban life especially in 

children and the poor. Given the adverse consequences of poor solid waste management, sustainable 

solid waste management becomes important.   

2. Background to the Study 

2.1 Solid Waste Management in Small Towns in Developing Countries 

Solid waste management issues are increasing in the developing world. This increase is due to 

population increase. Waste management has been fragmentary concentrating on certain aspects of solid 

waste management for example collection or disposal. Open dumping and irregular collections of solid 

waste are creating serious environmental threats in small towns of developing world (Ejaz and Janjua, 

2012).In developing countries, it is common for municipalities to spend 20-50 percent of their available 

recurrent budget on solid waste management. Yet, it is also common that 30-60 percent of all the urban 

solid waste in developing countries is uncollected and less than 50 percent of the population is served.  
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In some cases, as much as 80 percent of the collection and transport equipment is out of service, in need 

of repair or maintenance. In most developing countries, open dumping with open burning is the norm 

(UNCHS, 2001). A study carried out by Musademba et al (2011) in Chinhoyi Zimbabwe, revealed that 

the Chinhoyi dumpsite was characterized by indiscriminate fires and several leachate ponds. 

Johannessen (1999) in the research on solid waste landfills in developing countries argues that landfills 

must be compacted to avoid polluting the environment. No burning is allowed at the dumpsite as this 

will be violating environmental laws and it also causes pollution.     

Ejaz and Janjua (2012) carried out a study on solid waste management in small towns of developing 

countries the study was done in Pakistan in a town called Taxila the findings were; In Pakistan, due to 

improper planning and lack of funding the solid waste management crises are turning into worst. Open 

dumps of municipal solid waste are responsible for the number of vector diseases in Pakistan. Increase 

in per capita solid waste generation rate is another serious threat for the management authorities in the 

developing world. Due to shortage of proper collection bins in Pakistan, the collection efficiency is very 

low. Open dumping, open burning and improper sanitary landfills can be observed everywhere in the 

country. Solid waste collection is a vital component of the solid waste management process. For health 

reasons, it is recommended that solid waste in tropical regions like Zimbabwe be collected daily. This 

is a challenge for over-stretched local authorities in developing countries TARSC (2010).  Mwakumanya 

(2010) carried out a study in Kilifi town in Kenya and found out that the council had inadequate 

facilities. They had only three tractors and about 25 workers to clean up the town every day.  The council 

takes about 2 days before collecting waste from the receptacles. Residents do not remit refuse fees, 

making it difficult to fuel the tractors as Kilifi Town Council does not receive funding on solid waste 

management from the government.  

The major constraint on proper management of solid waste in cities of Southern Africa is inadequate 

finance (UNCHS, 2001). Per capita solid waste generation averages 0.7 kg/day in Zimbabwe, while in 

Tanzania it is 1 kg/day (Achankeng, 2003). More people living in urban areas mean greater levels of 

waste generation. As municipalities cannot cope with this, large quantities of solid wastes are not 

collected, are not treated, or are not disposed of in designated sanitary landfills. As a consequence, large 

quantities of solid waste are illegally dumped or burned, resulting in increased pollution of both the air 

and soil. By contrast, Windhoek in Namibia recycles 4.5 per cent of waste, 3 per cent is incinerated, and 

the rest is disposed of in sanitary landfill (UNCHS, 2001). In Gaborone (Botswana) and Maputo 

(Mozambique) nearly all solid waste is disposed of in an open dump rather than a sanitary landfill 

(UNCHS, 2001). This gives rise to unhygienic conditions where the proliferation of disease vectors is 

facilitated, and risks of surface and groundwater contamination are high. Methane emissions may also 

be dangerous to nearby residents and contribute to atmospheric pollution and global climate change. 

(Microsoft Encarta, 2009). 

2.2 Solid Waste Management in Zimbabwe 

Solid waste management has emerged as one of the major challenges confronting almost all urban local 

authorities in Zimbabwe. Rapid urban population growth, economic decline and a fall in both capital 

and recurrent real budgets of local authorities has resulted in their failure to provide adequate services 

to their residents and areas under their jurisdiction (TARSC 2010). The volume of waste being generated 

continues to increase.  
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Waste management services have increasingly become inadequate, as evidenced by the rise in illegal 

dumping and the proliferation of the now seemingly permanent piles of rubbish in some commercial, 

industrial and residential areas. 

Zimbabwe produces an average 2.5 million tonnes of solid waste (Practical Action, 2006). Waste 

collection by local authorities was reported in 2007 to have dropped from 80% of total waste across 

different local authorities in the mid-1990s to as low as 30% of total waste in some large cities and small 

towns in 2006(Practical Action, 2006). This could have been caused by the economic meltdown 

experienced by the country during the period 2000 to 2010, rapid urbanization, inadequate funding of 

waste management services, and frequent breakdown of refuse collection vehicles and lack of skilled 

staff. Urban areas were seriously affected by the withdrawal of donor support as from 1998 owing to 

political differences between the central government and donor countries (Microsoft Encarta, 2009). 

Prior to the withdrawal of external aid, the local authorities tended to over-rely on external technical, 

material and financial assistance through such programmes as Urban I and II, the Local Government 

Capital Development Programme and Deregulation Programme and the Rural District Councils 

Capacity Building Programme (Practical Action, 2006). Waste management systems in the country are 

inefficient, economically unsustainable and socially undesirable. Local authorities may not be aware of 

the quantities of domestic and industrial wastes generated. The refuse charges are not a true reflection 

of the quantities generated or the cost of service provision. Lack of adequate statistical data makes it 

very difficult to plan and improve quality of waste services offered. Waste collection has virtually 

collapsed triggering rampant waste dumping. 

The most common solid waste disposal method used in Zimbabwe is sanitary landfill or controlled 

tipping and composting. In Harare more than 85 percent of the collected solid waste is disposed through 

this way (SIRDC, 2007). This method mainly involves the selection of open pits on geologically and 

topographically suitable sites and excavations in preparation for landfill operations. The compacting of 

solid waste using bulldozers and landfill compactors adversely affects the quality of land for other land-

use operations. Refuse composting is not widely used in Zimbabwe. Tevera (1995) argues that it is 

important to involve women in waste management as they do much of food preparation and working at 

home where most refuse is generated and most of it is biodegradable. In the same vein in 1995, a study 

commissioned by the Ministry of Local Government, Rural and Urban Development stated, that most 

local authorities were failing to include their residents’ attitudes on waste management. The report 

suggested that residents should be encouraged to participate in solid waste management (SWM) 

programmes in order to improve the performance of waste management systems. 

Some Local Authorities have previously attempted to subcontract the service to private players but, in 

some cases e.g. in Harare, this has failed due to the unprofitable nature of the business, inefficiency and 

dishonesty on the part of some  contractors and late payment of contractors by the local authorities. The 

culture of cleanliness and anti- littering has not been strongly enforced in most urban areas in Zimbabwe 

due to limited manpower. The absence of municipal courts specifically charged with the responsibility 

of trying and meting out punishment on municipal law offenders has been another hindrance on the war 

against waste disposal (Practical Action, 2006). 
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2.3 Policy and Legislative Environment Governing Waste Management in Zimbabwe 

Environmental Management Act (CAP 20:27) 

The Environmental Management Act (CAP 20:27) is the Principal Act for addressing environmental 

issues in the country. The Act states that every person shall have the right to a clean environment that is 

not harmful to health and the right to protect the environment for the benefit of present and future 

generations and to participate in measures that prevent pollution and environmental degradation. The 

Act advocates for polluter pays principle. Problems of the Act with regards to waste management is that  

emphasis is on the end of pipe solutions rather than on waste minimisation and fine is given in monetary 

terms, which can make effective enforcement difficult, depending on the inflationary environment 

(Practical Action, 2006).   

Urban Councils Act of 1995 (CAP 29:15) 

Section 218 (b) of the Urban Councils Act makes provision for a council to charge for the removal of 

refuse where service has been provided. Section 227 makes provisions for matters for which council 

may make by-laws for refuse removal and the specification of the type and positioning of containers for 

storing waste before collection. Section 235 makes provisions for the drafting of regulations for the 

proper administration of rubbish removal services and the prohibition of accumulation of waste. 

Public Health Act (CAP 15:09) 

Section 68 of this Act addresses the issue of waste from livestock and ensures that it is taken care of. 

The Act prohibits causation of nuisances on land which one occupies, owns, or of which he is in charge 

(section 82), and defines a nuisance as being, “any accumulation or deposit of refuse, offal, 

manure…”However the Act does not prohibit causation of nuisances on land over which one has no 

control. Penalties are given in monetary terms and are very low. 

By-Laws for Waste Management 

Not all local authorities have the by-laws in Zimbabwe. Harare and Mutare have, whilst Chitungwiza, 

Bindura, Epworth, Chipinge among others do not have. Where by-laws exist, the residents are not aware 

of them. More so, by-laws are not being enforced and this is contributing to the waste accumulation 

(SIRDC, 2007). Mvurwi`s by laws are still in the formative stages. 

Environmental Impact Assessment Policy (1994) 

The Environmental Impact Assessment Policy has now been enshrined in the Environmental 

Management Act. Development projects undergo a process in which both their positive and negative 

impacts are evaluated to enable appropriate mitigation measures to be put in place. An EIA specifies the 

measures proposed for eliminating, reducing or mitigating any anticipated adverse effects the project 

may have on the environment, identifying ways of monitoring and managing the environmental effects 

of the project (Environmental Management Act, 2007). 

2.4 Community Involvement in Solid Waste Management in Zimbabwe 

Waste management system affects communities through generation, storage, transportation, recycling 

and disposal.  
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At the generation and storage stages there is need for the community to; reduce generation of waste by 

using biodegradable materials and using less packaging, reuse some of the waste e.g. cardboard boxes 

and empty plastic containers to store goods  and separate waste at source . Practical Action Southern 

Africa, in 2005, initiated the Improving the Urban Environment with organizations of Poor Women and 

Men project. With funding from Comic Relief, the project operated in Chitungwiza, Epworth and Mbare. 

It focused on improving the urban environment through developing sustainable, community-managed 

models for water, sanitation and waste management services (Practical Action, 2006).The project hinged 

on building the capacities of communities to improve their environment, create employment and 

generates income from waste. Environment Africa assisted Mabvuku /Tafara suburbs to separate waste 

by distributing flyers, campaigns, educational workshops and the provision of receptacles (Practical 

Action, 2006). Environment Africa has also assisted a community based environmental action group 

from Mabvuku and Tafara to  venture into a handmade paper-recycling project through initial funds for 

procurement of equipment such as collection cages, bins and push carts. Through its urban agriculture, 

the same organization has been encouraging urban farmers in Mabvuku and Tafara to use; in- situ 

composting and backyard composts for nutritional gardens. 

2.5 Challenges of involving the community in waste management 

Through its interventions and in working with communities in waste management in Zimbabwe, 

Environment Africa has identified the following challenges; lack of community awareness of 

environmental rights as provided in legislation, lack of access to information on environmental 

information, poverty thus waste management not a priority, lack of adequate resources to expand and 

initiate new projects, negative attitude by communities and non-enforcement of laws  especially by laws 

(Practical Action, 2006) 

3. Research objectives  

Aim and objectives of the study: 

The general aim of the study was to assess solid waste in Mvurwi; 

The specific objectives of the research were to: 

 document the current Mvurwi solid waste management system; 

 map stakeholders in solid waste management system and establish their role and influence ; 

 analyse the various sustainability aspects of solid waste management system; including the  

effectiveness of policies and laws on solid waste management in Zimbabwe; and 

 determine the feasibility of establishing an integrated solid waste management system in 

Mvurwi. 

4. Study Area 

Mvurwi town is situated on the North Eastern part of Zimbabwe in the Mazowe District in Mashonaland 

Central Province. The town is in the midst of A1 and A2 farming communities, whose income feed into 

the town as they obtain agricultural inputs and other supplies.  
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The township was established in the 1960’s as a service center for commercial farms in the northern half 

of Mazowe district, southern parts of Guruve and western parts of Centenary district. Mvurwi is 100km 

along Harare-Guruve road and is also a gateway to Zambia in the north through the wildlife rich 

Mushumbi Pools National Park. 

 The Mvurwi - Muzarabani road heads towards Mozambique. Mvurwi Town Council came into 

existence on 9 April 2009. Residential areas in the town include Suoguru and Rusununguko which are 

both old high density suburbs. There is a low density suburb which is currently under expansion called 

Pembi. There is a new residential area called Kurai where new residential stands are being developed.  

There are approximately 1 928 households in Mvurwi (Town Councils Department of Community 

Services, Housing and Environmental Management, 2013). Major industries include Delta Beverages. 

The town houses banks such as Standard Chartered, CBZ, POSB and Agri Bank. There is a General 

hospital, Grain Marketing Board and KR Garages. A number of small scale businesses exist; a lot of 

people earn a living through this sector. Schools found in Mvurwi include Mvurwi Primary and 

Secondary Schools, Holy Rosary Primary and Secondary Schools and Umvukwes Primary School. 

 

Fig 1: Mvurwi Town and Surrounding Areas (https://maps.google.co.zw/maps) 

5. METHODOLOGY 

A descriptive research design which can help link the division between quantitative and qualitative 

approaches was used so as to identify, classify and determine waste management in Mvurwi. The study 

population included households in Mvurwi, employees of the town`s waste management department 

and formal and informal business operators. There are 100 streets in Mvurwi`s low and high density 

suburbs. Mvurwi`s population is estimated at 7970 / 2100 households.  The study used stratified 

sampling, every street was represented and simple random sampling was used to select two households 

per street. 
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House numbers for all houses in a street were put in a hat and two were picked randomly to ensure 

unbiased selection of respondents. Questionnaires were administered to 200 households through random 

sampling. Questionnaires enabled the researchers to ask the same questions to all respondents and also 

because of the geographical spread of the respondents they became handy. 

 Data collection stages included secondary data analysis from previous publications and analysis of 

waste management policy. Primary data collection included field observations, how waste is generated 

and disposed of on the ground. Key informant interviews, were held with three members of Mvurwi 

Town Council waste management section since they are responsible for waste management so data was 

obtained directly from the source and probing was used to follow up on issues that were not understood. 

6. RESULTS  

6.1 Demographic characteristics of respondents 

The proportion of female members in the households surveyed was 60% and 65% of the household 

respondents had attained at least secondary school qualifications. Forty five percent of households had 

two families living at same house. 

6.2 Types of waste generated in Mvurwi Town 

Residents were asked to rank waste which they produce from most to least on volume basis. The 

composition of waste is an important issue in waste management as it affects the density method of 

disposal and is necessary to examine reuse, reduction and recycle of waste.   

6.3 Waste generated at household ranked from most to least produced 

 

Fig 2: Types of Waste Generated in Mvurwi 

Paper, garden waste, and food residues and plastics generally tend to be produced most than other types 

of waste. 
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The distribution of waste indicate some opportunities for waste recovery and recycling at household 

level particularly with regards to garden waste and food waste which can be composted to provide 

manure although this is currently not being practiced.  

6 Categories of solid waste in Mvurwi  

Table1: Categories of Solid Waste   

Source Typical waste generators Types of solid wastes 

Household or Domestic Household or domestic Food wastes, paper, cardboard, 

plastics, cans, yard waste, 

textiles, leather, wood, glass, 

and household wastes etc. 

Commercial Stores, markets, bars, shops, 

 office buildings, restaurants  

 

Packaging and container 

materials(cardboard and 

plastics), used office paper, 

wood shavings, food waste, 

hazardous waste, electronic-

waste etc 

Industrial Light and heavy 

manufacturing 

Housekeeping wastes, 

packaging, food waste, 

demolished  materials, slag, 

mineral tailings, electronic-

waste, batteries, pesticides, 

coolants, lubricants etc. 

Institutional Police camps, schools, 

hospitals, prisons 

Food wastes, used paper and 

plastics, used needles, syringes, 

and gloves, wood, steel, 

concrete wastes etc 

Street Sweepings / 

Municipal services 

High density 

neighbourhoods 

Dust / sand, leaves, paper, 

human and animal excreta, 

sludge water, electronic-waste 

etc. 
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6.5 Type of waste receptacle used by households 

 

Fig 3: Type of Receptacles Used by Residents in Mvurwi 

The storage of wastes generated by households before collection and transportation to the dump site 

involved the use of various receptacles. These receptacles included polythene litter bins, propylene 

sacks, metal bins, and communal bins built near every street. Most households use plastic litter bins 

(60%) or polystyrene sacks (25%). The plastic litter bins are given at the Town Council every month 

when a resident pays service charges. Where there is more than one family per household plastic litter 

bins are given if one requests, this was confirmed from the Department of Community Services, Housing 

and Environmental Management in an interview. All households (100%) responded indicating that there 

is no type of waste which they are not allowed to dispose in refusal bins. The Mvurwi Town Council 

places small movable plastic bins in the central business district (CBD) for pedestrians to throw litter 

into.   
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 Plate 1: Movable Bin in Mvurwi 

The Department of Community Services, Housing and Environmental Management decided to put  

movable bins around the CBD for pedestrians to find it easy to dispose solid waste especially food 

packaging. As a result litter is rarely seen in the town´s CBD residents seem to be adopting a culture of 

cleanliness in the town.  

6.6 Waste collection and disposal 

In a research carried out in Kenya by Muniafu and Otiato (2007), municipalities are responsible for the 

collection of refuse and this can be done through: door to door collection, block collection for clients 

like food outlets, shops, hospitals, schools and institutions requesting the municipality to provide them 

with refuse containers ; and container system where residents put their refuse in containers provided by 

the city council and then the city council will timely collect the refuse to the dump site. Information 

from the key informants shows that in Mvurwi garbage is mainly collected through door to door 

collection method from residential, industrial and institutional areas. The container system is mainly 

used at bus termini, open and market places where plastic and metal bins are not provided (Refer to 

Plate 2 below). 

http://www.rcz.ac.zw/


10th Zimbabwe International Research Symposium Book of Papers Presented (ISSN: 2412-2386) 

 
Published by Research Council of Zimbabwe   

Website: www.rcz.ac.zw  429 

 

Plate 2: Container at the Bus Terminus in Mvurwi Town Centre 

Vendors at the bus termini and people travelling are supposed to put solid waste in the containers and 

this are adequately provided hence the termini are usually clean. More than half (55%) of the 

respondents reported that they take less than four days to fill their receptacles. Most households (80%) 

reported that waste is collected twice per week that is on Tuesdays and Thursdays and this is mainly in 

the high density areas.  Waste management officials interviewed reported that they collect waste thrice 

per week in the Central Business District and once per week in low density areas. Mvurwi Town Council 

is following the WHO(2002) recommendations that waste must be collected at least once or twice every 

seven days in low income and high income residential areas to break the breeding circle of disease and 

vectors. Information from the waste management department shows that there is shortage of proper 

equipment to collect and dispose waste. MTC has three tractors which are used for solid waste collection. 

Tractors are slow and the size of the trailers is small so the council workers make a number of trips to 

the dump site on collection days a situation which could be reversed if waste is minimised at source.  

Most households (85%) are satisfied with the frequency of waste collection by the council. The town 

council has increased the number of bins to help manage waste, 12 communal bins areas where waste 

is mainly in high density residential areas. Residents go and empty their plastic litter bins in the event 

that the council has not come to collect waste on time. This is done to discourage illegal dumping. There 

is need to make the bins bigger as most of them are filled before collection and with their proximity to 

households young children may end up playing with  waste. Plate 3 below shows one of the communal 

bins filled with solid waste in Suoguru High Density Residential Area. 
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Plate 3: Communal Bin in Suoguru 

Once communal bins are filled to capacity loose papers and plastics are blown away by wind resulting 

in aesthetic intrusion of the surrounding environment. Waste in plate 3 above shows that residents do 

not segregate waste before dumping. Much of the waste is biodegradable this include garden waste and 

vegetable peels. Waste produced is disposed of in an open dump 6 km from the town centre. The waste 

is not separated prior to dumping, this results in unregulated waste. Open dumps are a threat to the 

environment as litter is blown out of the site and poisonous leachate continues to contaminate 

groundwater. It is therefore important to ensure that the open dumps are improved upon and attention is 

given so that they do not become environmental hazards.  

6.7 Household opinion on negative aspects emanating from poor waste management 

Refuse is a health hazard if it is uncollected (UN-Habitat, 2006). The people at risk from disposal of 

solid waste include residents in areas where there is no proper waste disposal method, especially the 

pre-school children, urban farmers and waste workers. The table below shows opinions of residents of 

Mvurwi on negative impacts of waste management. 
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Table 2: Impact of Solid Waste Management in Mvurwi 

Impact Strongly 

agree 

Agree Neutral Disagree Strongly 

disagree 

Total 

F % F % F % F % F % F % 

Unsightliness 80 80 15 15 5 5 0 0 0 0 100 100 

Bad smell 85 85 9 9 6 6 0 0 0 0 100 100 

Fly breeding 70 70 20 20 10 10 0 0 0 0 100 100 

Water pollution 63 63 22 22 10 10 5 5 0 0 100 100 

Health risk  85 85 15 15 0 0 0 0 0 0 100 100 

Climate change 12 12 15 15 38 38 20 20 15 15 100 100 

Danger to 

children 

50 50 16 16 20 20 14 14 0 0 100 100 

Block  drains 40 40 5 5 30 30 21 21 4 4 100 100 

Attract pests 85 85 10 10 5 5 0 0 0 0 100 100 

Devalue 

property 

54 54 10 10 28 28 6 6 2 2 100 100 

The majority of respondents (80%) were strongly concerned by the unsightly conditions created by 

uncontrolled garbage. Bad smell, fly breeding, attracting pests and being a health risk were the main 

impacts most residents strongly agreed as to emanate from poor solid waste management. Flies breed in 

some constituents of solid wastes, and flies are very effective vectors that spread diseases. Mosquitoes 

breed in blocked drains and in rainwater that is retained in discarded cans, tyres and other objects. 

Mosquitoes spread malaria. Rats find shelter and food in waste dumps. Rats consume and spoil food, 

spread disease, damage electrical cables and other materials and inflict unpleasant bites (Chibanda, 

1990). Nearly all (85%) respondents strongly agreed that solid waste can cause water pollution as it 

changes the composition of air and water. The results show that majority of the residents know about 

the negative aspects of poor solid waste management. On climate change (38%) of the respondents were 

neutral while (12%) strongly agreed about the impact of solid waste management on climate change. 

The aesthetic value of the land is affected by the refuse which can be blown by wind and spread all over, 

more than half (54%) strongly agreed that poor waste management reduces value of property while (6%) 

disagreed. 

6.8 Responses on whether Waste is kept for Recycling in Mvurwi 

Most of the households (80%) do not keep waste for recycling. Those households who practice waste 

recycling use organic waste for composting and empty plastic containers are used for storing water. 

There are no companies which do recycling in Mvurwi, the reason why most people in the town do not 

keep waste for recycling.  
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The absence of recycling companies results in aluminum cans being disposed instead of selling them 

for recycling, as confirmed by three quarters of the respondents. Over half of the respondents (65%) 

reported that they want to know more about recycling and its benefits. School children do clean-ups 

around their schools regularly, the elderly sweep the streets every Friday and vendors clean their stalls 

and bus ranks regularly. All the respondents reported that the town does not have by laws for solid waste 

management. 

7. DISCUSSION  

An integrated waste management hierarchy plan puts approaches which minimise waste being produced 

a priority. The waste management system which is being implemented in Mvurwi is not focusing much 

on waste reduction as well as encompassing all stakeholders in waste management. The local authority 

does not encourage residents to segregate waste; they collect all biodegradables to the dump site instead 

of encouraging residents to make composts. The scope of ISWM (refer to Fig 11) encompasses planning 

and management, waste generation and waste handling processes as determined by aspects shown 

below: 

 Political / legal aspects - determination of roles and jurisdiction, and the legal and regulatory 

framework on waste management.MTC is currently working on bylaws on waste 

management. 

  Environmental aspects - effects of waste management on physical, economic, social and 

cultural environment land, water and air should be properly document so that their impacts 

are identified. 

 Institutional aspects - organisational structures, procedures, methods, institutional capacities 

and private sector involvement in waste reduction. All institutions should be involved in 

waste management and their roles clearly spelt out  

 Socio-cultural aspects - influence of culture on waste generation and management, 

conditions of waste workers. There is need to change the mindset of the residents so that they 

do not just litter. 

 Financial aspects - budgeting and cost accounting, capital investment, cost recovery and cost 

reduction of waste management taken on board when preparing budgets since this is an 

important component of service delivery. 

 Economic aspects - macro-economic dimensions of resource use and conservation, and 

income generation should be taken on board in the towns plans  

 Technical aspects - transfer systems, waste recovery, final disposal and hazardous waste 

management as well as training of manpower are important facets of waste management  

All these aspects should be fully functional in order for effective integrated waste management to be 

fully operational .The waste management hierarchy is a policy guideline that is part of environmental 

laws – basis for the ISWM. The most idle waste management strategy is cleaner production techniques 

and sustainable consumption and prevention of waste while the least preferred method is disposal of 

waste to landfills (refer to fig 4 below). 
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Fig 4: Elements of Integrated Solid Waste Management (Achankeng 2003) 

8. CONCLUSION 

Solid waste is mainly generated by households and is transported to open dumps where there are no 

proper engineered measures such as leachate management and landfill gas management. Operational 

measures such as registration of users, control of tipping fronts and compaction of waste are limited. 

Waste segregation at source is not practiced. The study revealed that in Mvurwi storage, collection and 

transportation are relatively efficient. This is also supported by a survey done by the Environmental 

Management Agency (EMA), [Herald, July 22, 2013] where it was reported that Mvurwi was declared 

as one of Zimbabwe’s cleanest towns. However the current approach to solid waste management in the 

MTC is that of simply collecting and disposing waste. There is need to replace this approach by a system 

of integrated waste management. This entails waste reduction or minimisation, waste recovery for re-

use, waste trade and conservation. 

9. RECOMMENDATIONS 

Integrated waste management should be adopted in Mvurwi, this includes minimisation of waste 

production, reusing waste; recovery of energy through incineration, reduction of waste before disposal 

and finally sustainable disposal of waste. An integrated waste management plan incorporates the 

following aspects environmental, political, socio-cultural and economic. Women’s influence, greater 

community involvement, networking, public campaigns and education are key to sustainable waste 

management. There is need for regular collection of waste and the private sector could assist in this 

endeavor. Laws that exist to improve waste management should be fully implemented and enforced to 

achieve sustainability. 
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ABSTRACT 

Peri-urban water bodies are at risk of ecological damage as they are the first entry point of urban 

pollutants. We investigated heavy metal contamination of peri-urban dams in the industrialised semi-

arid City of Bulawayo, Zimbabwe. Concentrations of metals were measured in sediment, water and fish 

collected from effluent receiving dams located downstream of effluent discharge zones of Bulawayo, 

and compared to a control upstream dam. Water quality distinctly indicated pollution of effluent 

receiving dams. Heavy metals in effluent receiving dams were high with sediment contamination factors 

relative to control dam ranging 1.5-31.2. Upper Umguza Dam, which receives industrial effluent, urban 

runoff, and sewage plant effluents, had the highest metal contamination for water and sediment. Fish 

had high concentrations of metals, particularly, lead and cadmium, exceeding safe limits.  The results 

suggest that the magnified effects of water pollution in arid regions may have significant negative 

implications for aquatic organisms and human health. 

KEYWORDS: metal levels, peri-urban,effluent, water quality 

1. INTRODUCTION 

Industrial and municipal effluents are well-known sources of pollutant chemicals that can jeopardize 

freshwater biodiversity [1,2]. Urban areas are considered to be one of the important sources of heavy 

metal pollution to the environment through industrial and domestic effluents and run-off tainted with 

metals. Industrial activities such as tanneries, battery manufacturing, electroplating, dyeing, paints and 

automotive release heavy metals, contaminating downstream water bodies either through raw or 

ineffectively treated effluent. While conventional wastewater treatment plants (STPs) are effective at 

removing organic wastes and nutrients, they are  well known to be ineffective at removing particularly 

dissolved metals [3,4] since they were never designed to do so [5]. Disposal of treated STP effluents is 

therefore one of the known sources of metal pollution to the environment [6]. Moreover, use of leaded 

fuel and corrosion or wear of metals from automobiles contributes to a significant amount of metals 

through urban road surface run-off [7–9] placing receiving peri-urban water bodies at extreme risk of 

excessive metal pollution.  

Although some metals are essential in trace levels for normal physiological and biochemical function in 

organisms, pollution of the environment with metals creates potential for abnormal doses, leading to 

acute or chronic toxic effects in organisms exposed [10–13].  

Pollution of aquatic bodies with heavy metals is of particular concern because unlike organic pollutants, 

they are not biodegraded; therefore they persist in the environment [14] where they can cause long-term 

and short-term toxic effects to organisms.  

The metals, Cr, Pb, Cd, Ni, Cu, Zinc and Hg are known to be potentially hazardous in the aquatic 

environment [15–18] and have been classified as pollutants of priority by some regulatory agencies [19].   
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Metals interfere with fish development during the embryonic stage [20,21], therefore their presence in 

the environment can affect fish offspring quantity and quality. Characteristically, metals also tend to 

accumulate it tissues of organisms such as fish, snails [6,11,22], and plants, including food crops [23,24], 

making their toxicities of significance along entire food chains. Fish exposed to metals have elevated 

metals in gonads [25,26], and this can adversely affect the production and quality of gametes.  

Metal pollution in aquatic ecosystems is usually monitored by assessing their concentrations in water, 

sediments and biota [27]. These metals commonly occur in low concentrations in water and reach 

substantial concentrations in sediments and biota [28]   

Zimbabwe is a developing country characterized by failing aging sewage treatment infrastructure and 

rampant pollution of urban water bodies from raw and poorly treated effluents [29]. There have been 

reports of high metal pollution from urban industrial activities [30–32]; however there are no such 

reports comprehensively depicting metal pollution of the entire dams in Bulawayo. More so, the fact 

that metals tend to accumulate in the environment, calls for their continuous monitoring and assessment 

in respect to ecological and human impact. This study was carried out to determine the extent of metal 

pollution in dams around Bulawayo, Zimbabwe. 

2. MATERIALS AND METHODS 

2.1.Description of study area 

The study was carried out in Bulawayo - Zimbabwe’s second largest city and a major Industrial hub of 

the country. Some of the major industrial activities include tanneries, battery manufacturing, textiles, 

paints, engineering, and a number of several other light industries. In the past decades, large volumes of 

untreated effluent have been channelled into the two main urban streams, Mazai stream (situated to the 

west of the city centre) and Matsheumhlope stream (situated to the east of the City Centre), leading to 

pollution of Upper and Lower Umguza dams.  This has been largely due to the collapse of the aging 

sewer treatment infrastructure, poor monitoring by government authorities and negligent practice by 

some companies. Furthermore, most of the road surfaces runoff of the city centre and industrial sites is 

within the catchment of these dams. To the contrary, Khami Dam receives mostly domestic effluent from 

the SAST.  

The city is in a semi-arid region, receiving erratic rainfalls (590 mm/year). Thus, there is little natural 

water available to ‘flush’ the rivers and dams and to dilute any pollutants in contrast to other similarly 

polluted cities situated in wet regions. Pollution of any water sources naturally aggravates the supply of 

potable water for the City and downstream communities, and affects ecosystem health.  

2.2.Sampling areas 

Sediment, water and fish were sampled from four dams around Bulawayo i.e. Khami Dam, Upper 

Umguza Dam, Lower Umguza Dam and Hillside Dam (see Figure 1). Khami Dam receives mainly 

domestic effluent discharges from the city’s Southern Areas Sewer Treatment Plant (STP 3). Upper 

Umguza receives a mixture of industrial and domestic effluent discharged into through the two urban 

streams, Matsheumhlope stream (MAT) and its tributary, Mazai stream. Lower Umguza Dam receives 

mostly spill-over water from Upper Umguza Dam. 
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Hillside Dam, is a relatively pristine dam located upstream of effluent discharge zones of the city and is 

located in a conservancy, without any history of significant anthropogenic contamination.   

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Map of Bulawayo's drainage pattern and dams in relation to the City Centre (  ) and indus-

trial area ( ) depicting effluent flows along urban streams ( ). Some of the effluent contaminating 

the dams comes from sewage treatment plants ( ). 

Table 1: Description of sampling dams for sediment, water and fish 

Dam Category Source  of waste water      Remarks 

Hillside  Upstream a  No pollution ‘Pristine’ protected dam 

Upper Umguza Downstream b Industrial/ Domestic Effluent from STPs/ Industry 

Lower Umguza Downstream b Domestic/ Industrial  Overflow from Umguza Dam 

Khami Downstream b Mostly Industrial Industrial & domestic effluent 
a; b Downstream or upstream in relation to known and potential city/industrial effluent discharge zones 

2.3.Sample collection, preparation and analysis 

At least five fish samples (Oreochromis. mossambicus) were collected from dams using a boat and seine 

net. No fish were captured from Upper Umguza Dam. Three samples of water and sediment were 

collected from each dam during the period of October 2012 when water levels were at their lowest. 

Water samples were collected using water sampler and sediment was collected using an Ekman grab 

sampler,   from a boat. 

N 

N 
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For each water sample, the water was collected at three depths (1m, 5 m and 10 m) and pooled together 

for analysis  Physico-chemical parameters of the water i.e. pH, electrical conductivity, total dissolved 

solids and dissolved oxygen were measured in-situ.  

Water samples were filtered and acidified to pH 2.0 before analysis. Fish samples were thoroughly 

cleaned using deionised water. Sediment, and fish tissues i.e. liver, gills and muscle tissues were oven 

dried at 50oC. Dried samples (1g) were acid digested and prepared according to method described by 

Siwela et al. (2009) before analysis. Metal levels (Pb, Cd, Fe, Cr, Ni) in water, fish and sediment samples 

were analysed using flame atomic absorption spectrometer (Perkin Elmer, model 3110, USA). High 

purity standards (Fluka® Analytical, Sigma-Aldrich, Germany) were used for instrument calibration 

and also for accuracy checks after analysing every 10 samples. Metal levels for fish and sediments, 

samples were expressed as milligrams per kilogram dry weight, while metal levels in water were 

expressed as milligrams per litre.   

Data were expressed as sample mean ± standard deviation. The mean metal concentrations were 

analysed using one way ANOVA, and the Dunnet’s post hoc test to compare the control dam and 

downstream dams. A minimum value of p<0.05 was considered significant for all statistical analyses. 

RESULTS 

3.1.Water quality 

Conductivity and TDS were significantly (p<0.01) high in the effluent receiving dams. Ranking the 

pollution burden in dams according to conductivity/ TDS: Upper Umguza > Lower Umguza > Khami> 

Hillside. 

The levels of dissolved oxygen were high in polluted dams; presumably, due to the high proliferation of 

phytoplankton in the nutrient rich polluted dams. Since sampling was done during day time, oxygen 

evolved from photosynthesising phytoplankton increased oxygen concentration in polluted dams.   

C o n d u c t iv iy  (S / c m ) T D S  ( p p m )
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Figure 3: Comparison of physico-chemical water quality of the dams around Bulawayo. The effluent 

receiving dams, Khami Dam ( ) Lower Umguza Dam ( ) and Upper Umguza Dam ( ) are distinctly 

and significantly (p<0.01) high, thus depicting the pollution burden of these dams from effluents from 

the City  relative to the control (upstream), Hillside Dam ( ).* p<0.05); **p<0.01 

 

 

http://www.rcz.ac.zw/


10th Zimbabwe International Research Symposium Book of Papers Presented (ISSN: 2412-2386) 

 
Published by Research Council of Zimbabwe   

Website: www.rcz.ac.zw  439 

Table 2: Metal concentrations (Mean ± SD) in water from dams under study 

 

Metal 

Dam 

Hillside Khami L/Umguza U/Umguza Limit a 

Cu ND ND ND ND b 2.00 

Pb ND *0.13±0.04 *0.19±0.03 *0.28±0.06 0.01 

Cd ND ND *0.06±0.03 *0.02±0.01 0.003 

Cr ND ND ND ND 0.05 

Fe 0.3±0.1 0.06±0.02 *0.65±0.13 *0.85±0.12 0.3 

Ni ND 0.05±0.03 *0.17±0.03 *0.18±0.08 0.1 

a WHO drinking water guidelines 
b ND=not detectable (< 0.01 ppm) 
*Exceeds WHO recommended limit for human consumption 

Levels of Pb and Cd were particularly high in polluted dams, exceeding safe limits critically while levels 

of Fe and Ni exceeded safe limits moderately. The levels of Cu and Cr in water were below detectable 

limits for all samples. The levels of metals in water from Hillside Dam were below the detection limit 

(<0.01 ppm) except for Fe.  

3.2.Heavy metals in sediment  
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Figure 4: Fe and Cr concentration (mean ± SD) in sediment from dams under study. (*p<0.05; **p<0.01) 
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Figure 5:  Cu and Pb concentration (mean ± SD) in sediment from dams under study (*p<0.05; **p<0.01) 
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Figure 6: Cd and Ni concentration (mean ± SD) in sediment from dams under study (*p<0.05; **p<0.01)  

The concentrations of Cu, Pb, Ni, Cd, Cr and Fe in effluent receiving downstream dams were well above 

the concentrations of the control (Hillside Dam). 

Table 3: Sediment metal contamination factors (CF) of polluted dams 

Metal Dam 

Khami L/Umguza U/Umguza 

Fe 7.9 11.2 14.5 

Cr 13.7 18.6 26.7 

Cu 25.4 19.0 26.4 

Pb 11.5 15.5 31.2 

Ni 1.49 2.8 3.8 

Cd 9.2 8.8 12.0 

Ranking the pollution burden in dams according to conductivity/ TDS and overall metal pollution 

followed the trend: Upper Umguza > Lower Umguza > Khami> Hillside (Control).  
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Table 4: Metal accumulation (mg/Kg dry weight) in fish (O. mossambicus) from dams under study 

Tissue Metal Mean Concentration (mg/kg dry weight) 

Hillside Khami L/Umguza Limit b 

 

 

Liver 

Cd 2.5 2.5 ND 2.00 

Cr 2.5 5.0 2.5 0.15 - 1.00 

Fe 200 653 635  

Pb 5.0 12.5 52.5 2.00 

Cu 5.0 205 180 3.00 

 

 

Muscle 

Cd 2.5 2.5 5 2.00 

Cr 2.5 7.5 10 0.15 - 1.00 

Fe 32.5 250 285 0.50 

Pb 2.5 22.5 45 2.00 

Cu 10.0 218 120 3.00 

 

 

Gill 

Cd ND 5 10 2.00 

Cr ND 2.5 22.5 0.15 - 1.00 

Fe 72.5 393 308 0.50 

Pb 5.0 35 2.5 2.00 

Cu 7.5 350 140 3.00 

b WHO guidelines 

ND=not detectable (< 0.01 ppm) 

4.0 DISCUSSION 

4.1 Heavy metals in sediments  

In the current study, sediment metal levels were exceptionally higher, compared to metal levels in water, 

corroborating the well-known fact that sediments are the ultimate sink and reservoirs for a variety of 

environmental contaminants, including metals[31,33,34]. Metals commonly occur in low concentrations 

in water and reach substantial concentrations in sediments and biota [28]. Metals have a strong affinity 

for particles, thus metals tend to be adsorbed to suspended solids and trapped by bottom sediments. 

From the results (Figures 3-5), there is very high sediment contamination with all metals. Sediment 

heavy metal concentration generally followed the following sequence in their occurrence in all the dams: 

Fe > Ni > Cr > Cu > Pb > Cd.  

Studies on metal levels in dams under study are not available, except for Lower Umguza Dam (Siwela 

et al. 2009; Siwela et al. 2010). A comparison of the metal levels with that of Siwela et al, 2009 and 

Siwela et al, 2010 shows a remarkable increase in sediment metal contamination while metal levels in 

water are generally comparable.   

Although heavy metals that exist in sediments of dams   are considered to be less bioavailable than 

metals in the water (aqueous phase), they are not necessarily safe to the environment. Changes in the 

chemical properties of the water can increase the solubility of these metals into the water phase. 

Additionally, some aquatic organisms have the ability to absorb metals from bottom sediments [11], 

making metals in sediments important to ecosystem health.   
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The high background Fe levels, (2.86g/kg) are due to the geology of the study area. Bulawayo soils are 

generally spread out on a ferrous rock (Nyamapfene, Unpublished) giving the dams a high 

concentrations of Fe.   

 4.2 Heavy metals in water 

Water from effluent receiving dams was contaminated by Pb, Cd, Ni and Fe at levels above the limits 

for safe potable water, raising concerns regarding public health and the aquatic organisms in these dams. 

In humans, Pb is a neurotoxic metal which can cause neurodegenerative diseases particularly in children 

and also in adults [35,36]. Pb and Cd exposure may also cause kidney damage and is associated with 

reproductive health problems [36].  Although the water from Upper and Lower Umguza Dams is not 

used  for human consumption, in the past ten years there was a public debate concerning the possible 

use of Khami Dam to augment the dwindling water supplies for the City. The levels of Pb in Khami  

Dam (0.13 ppm) is ten times higher than the recommended safe limit of 0.01 ppm, making the water 

unsafe for human consumption unless the water treatment process is equipped with technologies that 

are able to remove Pb to the safe limit. Communities which are downstream of the Khami and Umguza 

dams rely on water from the Khami and Umguza rivers for drinking and for their domesticated animals. 

Considering unsafe levels of metals in the dams upstream of these communities, it becomes imperative 

to carry out further studies on the levels of metals along the entire river downstream of the contaminated 

dams. The water from Khami Dam and Umguza Dams is currently used for food crop irrigation. Some 

crops can absorb and accumulate metals to concentrations much higher than in the environment [37,38] 

Thus, the Cd and Pb in the water from effluent polluted dams is considered a health risk to humans who 

consume the crops irrigated from this contaminated water. We therefore recommend more follow-up 

studies to ascertain the metal levels and safety of the vegetables from the farms irrigated from these 

dams.  

4.3 Heavy metals in fish 

Fish that are exposed to metals are known to accumulate metals in gonads [25,26], potentially adversely 

affecting gonad health, gamete production [39] and quality of gametes . Furthermore, fish offspring have 

been shown to be very sensitive to metals during the embryonic developmental stages [21]. 

The exposure of fish to metals in the environment is primarily through water. Metals that are in the water 

phase are dissolved and thus are easily absorbed by fish and other aquatic organisms. Various studies 

have shown that metals, in low aqueous concentrations in water have adverse effects to fish embryos. 

For example, water levels of Cu and Cd as low as 0.05-0.2 mg/L adversely decreased the hatch success 

of carp [40].  

There is evidence that metals in the dams are accumulating in fish tissues. Pb and Cu were particularly 

high in fish from Khami and Lower Umguza Dams in all tissues tested. Cadmium was only accumulated 

in the gills of fish collected from Khami and Umguza dams. Muscles and gills of fish from Polluted 

dams also had considerable levels of chromium.   

Although metal contamination of Hillside Dam, a presumed ‘pristine’ dam, was significantly lower than 

the downstream effluent receiving dams, the levels of Cd and Pd in fish tissue were slightly higher that 

the recommended limits. The probable source of Pb in this dam could be use of leaded fuel, in the past 

decades. 
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Road surface runoff from the nearby road network could wash away the Pb into the dam, where it is 

deposited in the sediment for a long time explaining the presence (although low) of Pb in the sediment 

of Hillside dam. Although leaded fuel is no longer in use, Pb and other metals are known to persist in 

sediment for a long time, where they continue to affect aquatic organisms as observed in this study.     

Bulawayo (including the dams) is located on a ferrous geological landscape which is characterised by 

reddish-brown soils due to presence of Fe  [41] which explains the high background Fe and Cr found in 

sediment and in fish from the control.  

 4.4 CONCLUSION 

Downstream dams in Bulawayo are heavily polluted with metals. The Umguza Dams, which receive 

mostly industrial effluent and urban runoff, are the most polluted. Since most metal pollution are a result 

of industrial activities; concentrations of the heavy metals is much lower in Khami Dam.  

Previous studies have shown metal pollution in Lower Umguza Dam [42], although there are no 

previous studies on metal pollution in Hillside Dam, Khami Dam and Upper Umguza Dam. 

A comparison of metal levels in Lower Umguza Dam with previous studies shows that the metal levels 

have significantly increased, particularly in fish; exceeding safe limits for consumption. The fish from 

the polluted dams are thus unsafe for human consumption. We recommend an investigation to identify 

the sources of the metals and the control of this pollution from point sources.  
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33. Improving maize yield, cattle production and health through Holistic Land and 

Livestock Management: A case of Hwange Communal Lands 
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ABSTRACT 

The study sought to compare results of using Holistic Land and Livestock Management (HLLM) being 

implemented by Africa Centre for Holistic Management with conventional methods of farming. The 

treatment for which cattle were kraaled in the crop field gave a significantly (P<0.05) higher maize 

average yield of 4.2t/ha and the control had 1.2t/ha. The HLLM herd gave a significantly (P<0.05) 

higher percentage of calves and weaners compared to the zone average herd composition Hwange 

District between 2012 and 2013. The calving percentage rose from 29.42% in 2012 to 63.9% in 2013 in 

communities implementing HLLM.  The mortality percentage declined from 4.5% in 2012 to 1.3% in 

2013. Forage assessments were conducted on areas that practiced holistic planned grazing (HPG) and 

the control sites. Areas practicing HPG had significantly (P<0.05) higher number of days averaging 51.9 

Animal Days per Hectare while the control sites had 13.6 ADH. The results indicate that maize yields, 

cattle productivity and land herbage productivity can be improved if farmers adopt HLLM hence 

attaining household food security. 

Keywords: Holistic Management, maize production, cattle production, soil fertility, land management 

herd. 

1.0 INTRODUCTION 

65% Zimbabwe’s ground surface is found in Natural Region 1V and V (19). These regions are 

characterised by very high temperatures, low and erratic rainfall making crop production a non-viable 

enterprise. Having said this, the communal farmer is left with livestock production as a de facto 

livelihood strategy in the advent of perennial crop failure. The increased population pressure from 

increased number of people and animals has negatively reduced grazing land in favour of crop field 

expansions though with little yields, unclear and disorganised grazing management regimes contributing 

to poor livestock condition, declining crop field yields and land degradation (5).  

Soon after independence in 1980, the government of Zimbabwe formulated policies and programs aimed 

at mitigating environmental challenges and improving agricultural production in communal areas as 

quoted by (24 from (25), Many attempts were made in addressing these challenges but of special 

mention is the adoption of rotational grazing system in communal areas and Fast Track Land Reform 

program (19). These efforts by the government have had both negative and positive efforts on the general 

population of Zimbabwe. Food insecurity is still rife in communal and resettlement areas due to low 

field crops and animal production. The low production is also a result of poor soils that force communal 

farmers to buy expensive fertilisers to add to their fields. Poor methods of farming and lack of knowledge 

on good post-harvest preservation methods of farm produce also contribute to a greater extent to food 

insecurity in the communal areas. 
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In response to poor soils, ineffective rainfall and high livestock mortalities in Hwange district, Africa 

Centre Holistic Management (ACHM) introduced the Holistic Land and Livestock Management 

(HLLM) program. The main aim of the program was to rehabilitate degraded watersheds in Southern 

Africa and improve people’s livelihoods and attain food security (20). The intervention is based on using 

livestock as a tool to restore degraded land and improve soil fertility in the crop fields and the rangelands.   

Under the HLLM program, community grazing land is divided into paddocks, grazing plan developed, 

livestock put together into one big herd, herded together by herders and kraaled together in a big 

community mobile kraal made of Boma sheeting. Animals are herded and kept close to each other in 

one large herd so that they break the hard soil surface crusts and increase soil porosity leading to 

increased infiltration in the wet season and subsequent more grass growing on the range. The abundant 

grass will be utilised by the livestock hence improve condition ultimately leading to improved livestock 

production. Communal people are trained in animal health and paravets are trained by other 

organisations to contribute to improved animal health in the herd. 

To date many grazing systems have been developed. There are five classes of these grazing systems 

namely, continuous grazing system, rotational grazing system, rotational resting systems, multi camp 

rotational grazing systems and time control grazing methods. Holistic planned grazing (HPG) is the 

vehicle of holistic management and falls in the class of time control grazing methods. It focuses on 

ecosystem sustainability and optimising profits (1). 

2.0 OBJECTIVES 

The main objective of the study was to determine to what extent Holistic Management could contribute 

to improved productivity of cattle and crop fields. 

3.0 METHODOLOGY 

3.1 LOCATION AND GEOGRAPHY OF THE AREA 

Hwange communal lands are located on the north western parts of Zimbabwe. They are bordered by the 

tourist town of Victoria on the north, Hwange National Park on the east and Hwange Colliery Company 

on the west. They are characterised by erratic and low rains ranging between 300-600 mm per annum 

being received between November and March (18). The soils are characteristic red Kalahari sands. The 

sandy soils are Arenosols, Lexisols, and Aerisols, in some cases Leptisol, cracking clays (Vertisols), salt 

affected soils (Solonetz and Solonchaks) and Luvisols in the flood plains in the Zambezi escarpment 

(12). Most households grow small grains and maize (Zea mays L.) to a lesser extent (5). 

3.2 Maize yield productivity sampling procedure and data collection 

A total of 32 maize plots belonging to 16 farmers were sampled purposely across the areas implementing 

the HLLM program in Hwange District. 

 Each farmer had a treatment plot and a control plot on their fields hence a total of 16 treatment plots 

and 16 control plots were used for the study. In the treatment plots, land preparation was done through 

kraaling an average of 120 cattle (Hard Mashona) overnight on the plots using a 25m by 50m Boma 

Sheet as the kraaling material for 7days on average per site. Standard Conservation agriculture principles 

were used on the plots. Planting stations were dug using the 90*60cm plant spacing and planting done 

between October and November.  
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In the control plots land preparation was done by digging planting stations and applying a handful of 

manure, planting was done between October and November. For both the treatment and control plots 

data on maize yielded was recorded between 2010 and 2013. 10 m by 10m areas were randomly sampled 

in both the treatment and control plots, standing stalks were counted cobs were randomly collected to 

calculate yield in the sampled area and estimate the potential yield per hectare. 

3.3 Land and herbage productivity sampling procedure and data collection 

16 Land Management Herds (LMH) were purposely selected from the 16 communities implementing 

the HLLM program in Hwange District. A LMH is defined as a group of livestock that are herded 

together according to the Holistic Management principles all year round. Each of the LMH had an 

average of 150 cattle belong to at least 15 farmers from each of the participating community. Each LMH 

had a different grazing area. The treatment and control had 16 grazing areas each, for the treatment, each 

grazing area was demarcated into paddocks each averaging 4ha and totalling up to an average of 7 

paddocks per grazing area. Cattle were herded all year round while bunched together in a ‘belt like 

manner’ moving in one direction. Cattle hooves broke the soil crust and the dung fertilised the soil. For 

the control grazing areas, animals were let to graze at random throughout the year only being herded 

between November and April. Data collection was done between 2010 and 2013 on both the control and 

treatment grazing areas. Two methods were used to measure land productivity, the first using fixed 

points. Fixed points were identified marked by GPS coordinates and photos taken every year in both 

treatment and control grazing areas. On these fixed points a dart is thrown over the shoulder to reduce 

bias. Where the dart hit data collected on what the data hit, distance to the nearest perennial, presence 

of canopy, examine the land surface 15cm around where the dart hit for capping, presence of insects, 

state of the grass, degree of decay of organic matter and any signs of erosion. The dart was thrown 50 

times per fixed point. The second method was used to estimate number of animal days per day (ADH). 

This is the number of days that one standard animal can graze to its fill without overgrazing on a hectare 

of grazing area. After each treatment on the fixed points, community members estimated the total area 

that one animal could feed per day and this was extrapolated to one hectare. 

3.4 Cattle production sampling and data collection 

Due to the initial phase of piloting of the technique between 2010 and 2011, it focused on Land only but 

after the evaluation it was realised livestock production and health should be incorporated into the 

program. So the study collected livestock data in 2012 and 2013 in the treatment only but compared the 

results of 2012 as the control for 2013. For the study the treatment was cattle sleeping in the Boma 

sheeting at night in one kraal as one large herd and being herded together all year round. Four LMHs 

were purposely sampled namely Chezya, Dobolo, Makala and Sentale as treatments because of the 

presence of the Boma sheeting from the onset of the program in 2010.  

The herd numbers are as follows respectively as of December 2011, 153, 125, 200, 98 and 72 hence 

averaging 129 cattle per herd. The control herds were the herds in the surrounding areas in the villages 

mentioned earlier on. Secondary data was used from the Department of Livestock Production and 

Development for Hwange District for the comparison. For the control and treatment herds, herd numbers 

and their class distribution was recorded between 2012 and 2013. The calving percentage and mortality 

percentage of cattle were compared with the initial figures in 2012 to show any improvement. 
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4.0 RESULTS 

4.1 MAIZE YIELD 

There was a significantly higher maize yield (p<0.05) in those farmers’ fields that had done overnight 

kraaling than in those that did not do overnight kraaling with an average yield potential of 4.2t ha-1 and 

1.2 t ha-1 respectively. The treatment fields produced almost three and half times more than the control 

crop field yields. 

4.2 ANIMAL DAYS PER HECTARE (ADH) 

There were significantly more (p<0.05) animals days per hectare in the paddocks that practised holistic 

planned grazing than those that had “random communal grazing” as in the case in most communal areas 

of Zimbabwe. The paddocks with holistic planned grazing averaged 51.9 animals days per hectare while 

the paddocks with “random communal grazing”, averaged 13.6 animals days per hectare. 

4.3 CATTLE PRODUCTION 

There was no significant difference in the mean number of cattle in the LMH between 2012 and 2013 

hence no significant increase though there was a significant difference between age classes of cattle, 

percentage deaths and births between 2012 and 2013 in the LMH 

4.3.1 Herd composition 

There was a significantly higher livestock production (p<0.05) with the LMH averaging 24.6% of its 

herd as calves and weaners while an average of 18% was realised for any community that was near  the 

community practising HLLM. There was a significantly higher (p<0.05) oxen percentage composition 

in the communities that did not implement HLLM compared to those implementing the program 

averaging 15.44% for the LMH and 19.98% for the community not implementing HLLM. Bulling ratio, 

cow and bull percentage composition in the two herds were not significantly different despite the 

different means. There was no significant difference (p>0.05) in the mean condition score of cattle under 

the HLLM program and those from neighbouring communities not implementing with scores of 3.4 and 

4 respectively.  

4.3.2 Body condition score 

There was a significant difference in the body condition of cattle in the LMH and the control with cattle 

in the LMH averaging a condition score of 3 while the control had a average condition score of 4 

4.3.3 Key performance indicators 

The calving percentage rose from 29.42% in 2012 to 63.9% in the communities implementing the 

HLLM program.  

Death percentage declined from 4.5% in 2012 to 1.3% in 2013 in the communities that were 

implementing the HLLM program in Hwange Communal Lands. Please note that the control was the 

2012 LMH 
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Table 1: Results from the study 

Variables Treatment Control F probability 

Potential maize yield (t/ha) 4.2a 1.2b <0.05 

Animal Days per Hectare 

(ADH) 

51.97a 13.67b <0.05 

Herd size growth 144a 129a >0.05 

Average % calves in the herd 24.68a 18b <0.05 

Average % cows in the herd 54.24a 55.48a 0.33 

Average % oxen in the herd  15.44a 10.33b <0.05 

Average % of bulls in the herd 7.06a 5.1a 0.96 

Bulling ratio 1:14a 1:11a 0.34 

Body condition score 3a 4b <0.05 

Calving Percentage 29.4a 63.9b <0.05 

Death Percentage 4.5a 1.3b <0.05 

Means with the same superscript have no significant difference 

The control for herd size, calving and death percentage was the LMH for 2012 

5.0 DISCUSSION 

5.1 CROP FIELD YIELD IMPROVEMENTS 

The potential for maize production in Zimbabwe is high since solar radiation and temperature are 

conducive to maize growth. 90% of communal farmers grow maize with calculated constraint free yields 

which are between 9228 kg ha-1 (Chirundu estate) and 4243 kg ha-1 (Inyanga experimental station) (8). 

In the extreme northwest part of the country the average constraint free yield is less than 10t ha-1 (12). 

Hwange communal lands are located in the northwest region of the country meaning crop field yields 

can go up to 10t ha-1 supporting the potential yields that were obtained during the study period through 

the adoption of overnight kraaling concept of HLLM. (12) goes on to explain that Zimbabwe has a low 

nutrient limited yield potential regardless of natural region, with 3t ha-1 being recorded in Natural Region 

1 while in the north, south-eastern and south western parts of the country nutrient limited yields can go 

below 0.5t ha-1. Phosphorus is the most limiting nutrient (dominantly below 10 kg extractable N2O5); 

Nitrogen is consistently low ranging between 10-146 kg ha-1 in most soils in the country (cite source 

here). Addition of manure in the crop fields improves the N and P availability in the soil leading to 

improved maize performance even in the drier regions of the country. Despite the fact that soils in this 

part of the country are affected by salinity and sodicity and are vertisols in nature with poor oxygen 

levels in the rooting zone, the yields were still high. This could be attributed to the fact that manure 

application increases soil pH, organic matter, total Nitrogen and available P in the soils leading to ready 

uptake by the plants (12; 2). In a research conducted by (2) in Western Africa, they found that they were 

significant difference in yield (p<0.05) when farmers corralled their animals overnight in the fields 

between cropping to where manure was gathered from the stalls and hand spread. Corralling resulted in 

greater crop yields than when manure was spread by hand.  
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5.2 RANGE CONDITION AND PRODUCTIVITY 

In this study there were more animal days per hectare in the paddocks that had holistic grazing planning 

than in areas that had “random communal grazing”.  These results are consistent with those obtained 

from a study done in New York on 16 paddock cell grazing that resulted in the animal unit grazing days 

increase from 80 to 146 per acre (+84%), (24).  A survey of properties  either using multi camp rotational 

grazing systems or time controlled methods for 5-25 years (with an average of 9.5 years) in the USA, 

Republic of South Africa and Namibia indicated an average increase in carrying capacity over that time 

by a factor of 2.1 (1). This notion of increasing the capacity has to do with an increase in productivity 

of the rangelands to a greater extent. In the case of (1), the variable that brought about that increase is 

the adoption of time controlled methods of grazing supporting the almost treble the number of animals 

days in paddocks that have had holistic grazing planning in Hwange communal lands. It is very 

important to note that rangelands be viewed as natural ecosystems in which nutrient levels in soil are in 

a steady state (dynamic equilibrium). These rangelands are generally low yielding with grass species 

that are adapted to semi-arid conditions and on soils that are low in available Nitrogen. Having 

mentioned this, any addition in the form livestock manure results in a shift in ecosystem balance. (11) 

0bserved that addition of between 20-30t ac-1 manure resulted in double the yield in the rangelands. The 

results obtained in this study are in-tandem with Mackenzie’s results. Despite the fact it was not the core 

of this study it was observed that in communities that implemented HJLLM on the kraal sites forbs 

developed. This scenario is explained by (11) in that, when organic matter is added some of the N is lost 

to the atmosphere while the remaining is converted to nitrate which is utilised by weedy species 

efficiently and some to NH4
+ which is preferred by grasses. These weeds are pioneer species and with 

time are replaced by better grasses that are of nutritive value to the livestock. The application of cattle 

manure on surface of the soil may prove futile as most of the N occurs in the volatile state hence is lost 

to the atmosphere (12). Overnight kraaling is an efficient way of applying cattle manure in that once the 

dung is dropped since animals are confined, the hoof movement is able to incorporate manure into the 

soil efficiently and less labour is required. In a study that was conducted between 1990-2000 in Australia 

using cell grazing which falls in the same grazing systems of time controlled grazing methods, showed 

that at very high stocking rates, there is reduced selectivity and moderate utilisation during grazing and 

maintaining forage productivity (1) 

5.3 LIVESTOCK PRODUCTION 

There were more calves in the LMH than in different neighbouring communities that are implementing 

HLLM on average. This could be explained by the fact that animals are now in one large herd so even 

those households that had no bulls in their bulls benefitted due to this one large herd. It is well 

documented that bulls in communal areas are of low pedigree and superiority and performance but in 

the current Zimbabwe economic situation, there is need to make do with available resources. It will be 

noticed that in some communities’ bull ratio will be very high, this is an adaptation by farmers to try 

and compensate bull quality with bull numbers. More bulls meant almost all females were serviced in 

the shortest period of time. 

There was a decline in death percentage of cattle in the LMH between 2012-2013. This could be 

attributed to the more organised nature of the community implementing HLLM. Animals were kept in 

big herd and it was easy to identify the sick and attend them. The presence of trained paravets in the 

communities implementing the HLLM program could have contributed to improved animal health and 

production. Paravets help farmers in animal health issues since they stay in the community. 
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 In Sudan and Somaliland where paravets have been trained successfully, the communities have 

managed to build a revolving fund for purchase of medicines. It was also noticed that since the inception 

of the program there has been no outbreak of Rinderpest and any outbreaks of other diseases are attended 

immediately hence confidence and trust between livestock owners and paravets has improved 

significantly bringing about good community relations (14). Some communities implementing the 

HLLM program are in the process of establishing livestock funds but most still relying on sharing drugs. 

6.0 CONCLUSION 

Based on this study, Holistic Land and Livestock Management improved crop field yields, animal 

production and health. If the government of Zimbabwe is to develop policies for sustainable 

management of natural resources in communal areas in the future, they could consider Holistic 

Management as a vehicle to achieve sustainable management of natural resources using available 

resources.  
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Dumisani Kutywayoa, Danisile Hikwaa and Abel Chemurab                                                                                      

aDepartment of Research & Specialist Services Head Office, National Agricultural Research Centre, 

5th Street Extension, Harare                                                                                                              
bDepartment of Environmental Science and Technology, Chinhoyi University of Technology, Chinhoyi 

dumisanikutywayo@yahoo.co.uk, Tel: +263 772 598 903 

ABSTRACT 

Many countries rely heavily on a few grain crops and yet ensuring food and nutrition security in 

changing climatic conditions requires crop diversity. Bio-climatic envelope modelling was conducted 

to determine areas with relative suitability for the production of Livingstone potato (Plectranthus 

esculentus) and Cocoyam (Colocasia esculenta) in Zimbabwe. The results showed that the model for 

Livingstone potato and cocoyam had reliable predictions (Area under Curve>0.9). The most important 

factor determining the suitability of Livingstone potato was the soil type (48.5%), while for cocoyam it 

was maximum temperature of the summer season. In terms of area, 5.1% of the country was suitable for 

production of Livingstone potato, and 15.4% was suitable for production of cocoyam. In addition to the 

traditional cocoyam producing areas of Chipinge, Chimanimani and Mutasa districts, the results 

indicated other districts also have very high potential for growing cocoyam. It was concluded that there 

is potential for increasing production of Livingstone potato and cocoyam by incorporating them in areas 

with production potential to improve food security and farming returns.   

Keywords: Land suitability, Livingstone potato, Cocoyam, MaxEnt, Area under Curve (AUC) 

1. INTRODUCTION 

Tropical tuber crops such as cassava (Manihot esculenta), sweet potato (Ipomoea batatas), arroids or 

cocoyam (Colocasia esculenta and Xanthosoma sagittifolium), yams (Dioscorea spp.) and Livingstone 

potato (Plectranthus esculentus) are important food and economic crops in the tropics (1).  Some of 

these are widely grown and utilized by farmers as traditional native crops favoured for their adaptability 

to local environments, their ability to fit preferred food preparations and dietary requirements, their 

compatibility with other crops in common crop diversity systems and their ability to produce and 

maintain yields in marginal lands. They grow relatively well in these marginal lands due to their 

tolerance of low soil nutrients, water deficit, salinity, adverse temperatures, and other environmental 

stresses when compared to grains and cereals (1; 2). Until recently, the majority of tuber crops received 

little attention from researchers, extension agents and policy makers who invested much of their efforts 

and resources on grain crops and grain-based products (3). As a result, production capacity and 

technology development for tuber crops remained far behind other crops, despite their continued 

dominance in the diets of millions of people (4). In Zimbabwe, some of the neglected and underutilized 

crops include cocoyams and the Livingstone potato.  

Cocoyams (also referred to as arroids or arrowroots) are perennial herbaceous plants with thick, fleshy 

and creeping roots and long white fibres; and are a staple in many parts of the developing world (1). 

They belong to the family Araceae. They are very labour efficient and have high productivity in small 

land areas. In Sub-Saharan Africa, the two most commonly and extensively cultivated species are 

Colocasia esculenta and Xanthosoma sagittifolium (5-7).  
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Current production of cocoyams in many African countries is by small-scale farmers where the crop is 

grown using mainly indigenous knowledge with minimum input of fertilizers and crop protection. This 

is despite the fact that cocoyams are a very important part of the livelihoods of rural farmers, who regard 

the crop as a niche for security in food, nutrition and incomes (7; 8). Cocoyams are eaten steamed, 

roasted, barbecued, diced finely or added to stir-fries, stews, and soups (4; 9-11). Cocoyams can also be 

used in making flour of high commercial value on the international market. The flour is used for making 

high quality biscuits and cookies (8) and can be used as a supplement in energy drinks (6). All these 

potential uses stress the point that cocoyams are underutilized crops in Zimbabwe and therefore, more 

needs to be done in the areas of research, extension and value addition to give the crops visibility and 

promote crop diversity. 

The Livingstone potato is a dicotyledonous perennial shrub endemic in Africa; it belongs to the 

Lamiaceae family.  It is grown for its clusters of long, finger like roots that are used as a substitute for 

potato in many areas of Africa (12; 13). The Livingstone potato can produce large amounts of food from 

a very small area planted (14). Although the Livingstone potato contributes significantly to nutritional 

security in some rural communities (3; 13), its potential remains largely untapped because it has not 

received national attention. The Livingstone potato is very rich in carbohydrates and in addition to being 

a food source; it has potential use as livestock feed particularly for chickens (13; 15; 16). 

Very little information is known about the production requirements and production potential of both 

cocoyams and Livingstone potato in many countries. With the growing demand for traditional foods and 

changing climatic conditions that are limiting production of conventional grain crops, farmers should 

be encouraged to diversify and increase production of crops such as cocoyams and Livingstone potato 

because they are tolerant to drought, disease and pests (17). These crops have been neglected in terms 

of agronomic research and have not been part of the mainstream agriculture in Zimbabwe. As a result, 

they are confined to specific areas of the country (orphaned crops) despite their potential for improving 

security of food and nutrition, especially under a changing climate (3). Understanding agricultural 

suitability and potential productivity of crops such as cocoyam and Livingstone potato is important for 

many scientific applications and policy decisions. The development of niche-based models has enabled 

many applications to predict geographic outcomes from environmental data including in determining 

agricultural suitability (18).  

Crop suitability assessments have a strong tradition of integrating expert and traditional knowledge with 

environmental data using soil surveys and aerial photo-interpretation. Recently these assessments have 

adopted geographic information systems (GIS) to integrate local site conditions and regional settings of 

ecological parameters to delineate areas as suitable or not suitable for specific agricultural purposes (19-

21). Many of the methods used to assess crop suitability require either a detailed apriori knowledge of 

the required crop conditions or both presence and absence data used to compare potential areas against 

non-potential areas (18). This kind of data and information is often difficult to assemble especially in 

developing countries where novel presence-only, machine learning approaches are potentially well 

suited to the type and quality of data that can be used in land suitability analysis.  

Crop suitability, unlike natural habitat suitability, is influenced by both natural and human conditions 

and the definition for suitability needs to be explicit when working with such models (22).  In similar 

studies, niches of agricultural crops have been described by the geographic position of successful 

successive crops cultivated based on the assumption that most of the farmers are rational in their 
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cropping decisions (18; 19). In this case, suitability is defined as the ability of an area to sustain the 

production cycle from planting to harvesting as well as achieving required quality at prevailing 

production costs (23). 

2. OBJECTIVES 

The main purpose of this research was to use an environmental niche modelling approach to determine 

crop suitability of cocoyam and Livingstone potato in Zimbabwe. Increasing production area for tuber 

crops such as these could be a strategy to adapt to climate change because tubers are more resilient than 

summer cereals (1; 24). The research aimed at producing specific maps that show areas that are suitable 

for growing cocoyam in Zimbabwe. It also aimed at identifying edaphic and climatic factors that 

determine suitability of these important crops. The specific objectives were to establish the edaphic and 

climatic factors that determine suitability for cocoyam and Livingstone potato production and to 

determine suitable areas for cocoyam and Livingstone potato production in Zimbabwe. This information 

is important in identifying potential production areas, an important first step in increasing production of 

these crops through incorporating them in agricultural extension of those areas and in the general 

agricultural policy of the country that would also influence requisite research.  

3. METHODS 

3.1 Data sources 

3.1.1 Crop Location Data 

The crop location data for both cocoyam and Livingstone potato were obtained from maps of production 

areas produced by Agricultural, Technical and Extension Services (AGRITEX). These maps were based 

on production reports from field extension staff and they show places where the crops are currently 

being cropped and their hectarage. The maps were geo-referenced, with points created to mark the centre 

of the reported production area. 

3.1.2 Environmental data 

The soils data were derived from two 1:100,000 scale soil maps of Zimbabwe obtained from the 

Surveyor General’s Department. The maps, which were created using aerial photography and field 

verification, contained detailed soil characteristics, up to 963 series level for the whole country. These 

soil maps were based on detailed description of the soils of Zimbabwe by Nyamapfene (25). The 

classifications were converted to the FAO classification system (26).The Digital Elevation Model 

(DEM) was used to derive elevation data for the whole country. The DEM was obtained from global 

United States Geological Survey (GTOPO30) global dataset at 1 km resolution. For the current and 

projected climate conditions, the variables used were six BIOCLIM layers obtained from the WorldClim 

database (http://www.worldclim.org) (27) (Table 1). These were Annual mean temperature (Bio1), 

temperature seasonality (Bio4), maximum temperature of warmest month (Bio5), mean temperature of 

the wettest month (Bio8), total annual precipitation (Bio12), precipitation seasonality (Bio15) and 

precipitation of wettest quarter (Bio16). These six layers were chosen because they were related to the 

major climatic factors that determine crop production. These climatic layers were available in 1km2 

grids and were interpolated from recordings at weather stations.  
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Table 1: Description, units and source of environmental data used in the modelling  

Code Description  Units Source 

Bio1 Mean annual temperature °C WorldClim 

Bio4 Temperature seasonality (σ × 100)  % WorldClim 

Bio5 Maximum temperature of summer season  °C WorldClim 

Bio8 Mean temperature of wettest quarter °C WorldClim 

Bio12 Total annual precipitation mm WorldClim 

Bio15 Seasonality of precipitation (σ × 100)  % WorldClim 

Bio16 Precipitation of wettest quarter  mm WorldClim 

Soil Soil subfamily  Class SG dept 

DEM Altitude data m USGS 

3.2 Modelling approach 

Bio-climatic envelope models are a set of tools that are used to determine the potential distribution of 

species based on a set of known occurrences and climatic data (28; 29). These models have been 

developed from the understanding that the potential occurrence areas of a species can be spatially 

predicted using characteristics of known occurrence or non-occurrence within its range (29-31). 

Maximum Entropy (Maxent) is a general-purpose environmental niche modelling approach that is 

capable of making reliable predictions using information from sites where the modelled species is 

known to occur (32). Maxent estimates a target distribution by finding the most spread out or closest to 

uniform distribution, subject to a set of constraints that represent the known information about the target 

distribution (32; 33). Unlike other modelling approaches, Maxent is a deterministic model when 

provided with consistent input parameters and data fit using linear and non-linear functions and different 

functions can be hinged together (18). Maxent has been found to be more accurate when applied to 

“presence only” data than other approaches and is capable of providing reliable distribution from 

relatively smaller sets of data (28; 34). Based on these characteristics, Maxent was chosen as the best 

modelling approach to perform crop suitability assessments for cocoyam and Livingstone potato in 

Zimbabwe.  

3.3 Modelling assumptions 

The application of the bioclimatic niche modelling approach in determining suitability of cocoyam and 

Livingstone potato based on known current production areas is based on some assumptions, many of 

which can be considered valid for the setting of this study. It was assumed that agricultural field crops 

such as cocoyam and Livingstone potato are grown in better-suited conditions where natural edaphic 

and climatic factors are more important than human factors (23). It was also assumed that human 

management is either systematic or random and as such can be captured as a co-variant of existing 

environmental conditions or as a stochastic process (18). An additional consideration was that land use 

decisions are mainly influenced by environmental settings and conditions and socio-economic factors, 

with the latter being a human factor that is either systematic or random across the country, and could, 

therefore, be indirectly represented in the modelling. 

3.4 Model settings, evaluation and data analysis 

Maxent version 3.3.3k was used for the modelling (35; 36) with settings to perform 500 maximum 

iterations with a convergence of 0.00001.  

The performance of the model was evaluated by the area under the curve (AUC), jack-knife tests, 

analysis of variant contribution, and response curves produced by Maxent.  
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The sensitivity-specificity equality approach, which minimizes the absolute value of the difference 

between sensitivity and specificity, was used to select thresholds for suitability for both cocoyam and 

Livingstone potato (37). This method was selected because it seeks to achieve a balance of accuracy for 

areas modelled as present and absent. 

4. RESULTS 

4.1 Factors affecting the distribution of Cocoyam and Livingstone potato in Zimbabwe 

The maximum temperature of the summer season was the most important factor (37.2%) determining 

suitability for cocoyam production in Zimbabwe (Table 2). This was followed by soil type (21.9%) and 

temperature seasonality. The results showed that cocoyam preferred areas with lower maximum 

temperature of the summer season.  Suitability decreased with increasing mean maximum temperatures.  

The most suitable areas for cocoyams were those with moderately deep to deep, reddish to reddish 

brown, clay loams and moderately deep to deep, reddish brown granular clays that formed on mafic 

rocks. These belong to the sub-family of orthic ferralsols, rhodic ferralsols, while ferric and chromic 

luvisols (according to the FAO classification, (26) were also suitable.  

In terms of temperature seasonality, it was shown that areas with a high temperature variation over the 

growing period were less suitable for the crop. Precipitation received during the wettest quarter, mean 

temperature of the wettest quarter, mean annual temperature and elevation, all contributed less than 1%  

to suitability and were, therefore, not important in determining suitability of cocoyam . The 

environmental variable with highest gain, when used in isolation, was maximum temperature of the 

summer season, which therefore meant it had the most useful information for cocoyam production by 

itself. The environmental variable, which decreased the gain of the model the most, when it was omitted 

was soil types, which therefore appeared to have the most information that was not available from the 

other variables.  

The most important factors determining the suitability of Livingstone potato were the soil types (48.5%) 

followed by mean temperature of wettest quarter (31.7) and seasonality of precipitation (12.2%) (Table 

2). Livingstone potato preferred moderately deep to deep, reddish brown, coarse-grained sandy loams 

formed on granitic rocks while areas with ferric luvisols and luvic arenosols may also be suitable. 

Livingstone potato also did well in zones where precipitation and temperature increased simultaneously 

and where precipitation was well-distributed (less seasonality). Temperature-based factors (maximum 

temperature of summer season, temperature seasonality and mean annual temperature) were not 

important for the distribution of Livingstone potato as their total contribution was small.  

Precipitation based factors (total annual precipitation, seasonality of precipitation, precipitation of 

wettest quarter) were not important for determining suitability of Livingstone potato with a combined 

contribution of less than 20%. The environmental variable with the highest gain when used in isolation 

was mean annual temperature, which therefore showed that it had most useful information by itself. The 

environmental variable that decreased the gain the most when it was omitted was seasonality of 

precipitation, which showed that it had information that was not present in the other variables 
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Table 2: Percent variable importance in the distribution of cocoyam and Livingstone potato in 

Zimbabwe 

Variable Cocoyam Livingstone potato 

Maximum temperature of summer 

season 
37.2 1.9 

Soil types 21.9 48.5 

Temperature seasonality 19.0 0.0 

Total annual precipitation 14.5 3.2 

Seasonality of precipitation 5.8 12.2 

Elevation 0.9 1.1 

Mean annual temperature 0.7 0.6 

Mean temperature of wettest 

quarter 
0.1 31.7 

Precipitation of wettest quarter 0.0 0.8 

4.2 Model accuracy assessment 

Evaluation of the model performance showed that the models for cocoyam and Livingstone potato 

performed very well with area under the receiver-operating curve (AUC) of over 0.9. The Maxent model 

for cocoyam had a training AUC of 0.919 and a test AUC of 0.89 while the model for Livingstone potato 

had a training AUC of 0.984 and a test AUC of 0.951.  

4.3 Suitability of cocoyam in Zimbabwe  

About 15% of the country had potential for cocoyam production with 2.9% being highly suitable and 

12.1% being moderately suitable. In addition to the traditional cocoyam growing areas of Chipinge, 

Chimanimani and Mutasa districts, Mutare, Makoni, Nyanga, Zaka, Bikita and Mudzi had areas that 

were highly suitable for cocoyam production (Table 3). It was interesting that Bikita had 4 % (208 km2) 

of areas that were highly suitable for cocoyam production whereas Zaka had 3.4% (108 km2).  Zaka is 

far away from current production areas and not known to produce cocoyam. Districts such as Marondera 

(91.6%), Murehwa (88.9%) Makoni (84.8), Nyanga (84.7%) and Hwedza (71.2%) had a high combined 

percentage of highly suitable and moderately suitable areas for cocoyam production (Table 3).    

Most of the areas in Midlands, Matabeleland South and Matabeleland North provinces were not suitable 

for growing cocoyam.  Manicaland and Masvingo had areas that were highly suitable while parts of 

Mashonaland East and Mashonaland West had patches that were moderately suitable for cocoyam 

production (Fig 1).  
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Table 3: Percentage of areas that were modelled as highly suitable, moderately suitable and not 

suitable for Cocoyam production in Zimbabwe  

District 
Highly 

Suitable 

Moderately 

Suitable 

Not 

Suitable 
District 

Highly 

Suitable 

Moderately 

Suitable 

Not 

Suitable 

Mutasa 76.9 16.9 6.2 Mutoko 0.0 55.1 44.9 

Nyanga 53.7 32.5 13.8 Beitbridge 0.0 0.3 99.7 

Chimanimani 48.9 29.7 21.4 Makonde 0.0 4.9 95.1 

Chipinge 29.7 10.9 59.4 Chikomba 0.0 38.4 61.6 

Makoni 23.6 61.2 15.2 Gutu 0.0 36.8 63.2 

Mutare 14.4 47.9 37.7 Chirumhanzu 0.0 19.0 81.0 

Bikita 4.0 31.3 64.7 Shurugwi 0.0 27.9 72.1 

Zaka 3.4 58.3 38.3 Mazowe 0.0 29.5 70.5 

Murehwa 1.3 87.6 11.1 Harare 0.0 48.0 52.0 

Mudzi 1.1 11.0 87.9 Chegutu 0.0 30.8 69.2 

Masvingo 0.5 19.2 80.4 Seke 0.0 36.2 63.8 

Chiredzi 0.1 5.5 94.4 Goromonzi 0.0 66.1 33.9 

Hwedza 0.1 71.1 28.8 Guruve 0.0 7.4 92.6 

Zvimba 0.0 58.1 41.9 Hurungwe 0.0 5.3 94.7 

Marondera 0.0 91.6 8.4 Uzumba 0.0 21.5 78.5 
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Figure 1: Land suitability map showing the distribution of highly suitable, moderately suitable and 

unsuitable areas for cocoyam production in Zimbabwe.  

4.4 Suitability of Livingstone potato in Zimbabwe 

In terms of area, 5.1% (20,096.76 km2) of the country was found to be suitable for production of 

Livingstone potato. The highest proportions of highly suitable areas were in Marondera (42.5%), Mutasa 

(41%), Nyanga (30.2%) and Makoni (24.1%) districts (Table 4).  After combining moderate and high 

suitability areas, Marondera district had the highest proportion of area suitable (83.4%) followed by Mutasa 

(68.8%), Makoni (51.4) and Hwedza (56.9%) districts. The results indicated that districts such as Mutare 

(6.1%), Bikita (1.2%) and Chimanimani (1.2%) had patches that were highly suitable for Livingstone potato 

(Table 4). Harare (23.8%), Zaka (14.2%), Gutu (11.3%) and Masvingo (8.9%) districts had moderately 

suitable areas. 

The Livingstone potato was suitable in central parts of Manicaland province and the southern parts of 

Mashonaland East province, with patches being moderately suitable in Masvingo province (Fig. 2). 
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Mashonaland West, Midlands, Matabeleland South and Matabeland North provinces were found not to be 

suitable for Livingstone potato production. 

Table 4: Percentage of areas that were modelled as highly suitable, moderately suitable and not 

suitable for Livingstone potato production in various districts of Zimbabwe 

District 
Highly 

Suitable 

Moderately 

suitable 

Not 

Suitable 
District 

Highly 

Suitable 

Moderately 

suitable 

Not 

Suitable 

Marondera 42.5 40.9 16.5 Zaka 0.9 14.2 84.9 

Mutasa 41.0 27.8 31.2 Gutu 0.4 11.3 88.3 

Nyanga 30.2 7.6 62.2 Masvingo 0.3 8.9 90.7 

Makoni 24.1 27.3 48.6 Chipinge 0.0 0.4 99.6 

Hwedza 9.0 47.8 43.1 Chirumhanzu 0.0 0.8 99.2 

Chikomba 7.7 33.9 58.4 Shurugwi 0.0 6.8 93.2 

Mutare 6.1 12.2 81.7 Insiza 0.0 2.3 97.7 

Bikita 1.4 8.0 90.6 Mazowe 0.0 0.9 99.1 

Chimanimani 1.2 6.7 92.1 Harare 0.0 23.8 76.2 
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Figure 2: Land suitability map showing the distribution of highly suitable, moderately suitable and 

unsuitable areas for Livingstone potato production Zimbabwe.  

5. DISCUSSION 

5.1 Factors affecting suitability of cocoyam and Livingstone potato 

This analysis showed that both cocoyam and Livingstone potato required very specific environmental and 

edaphic factors, which were found in specific areas of the country. The findings indicated that cocoyam 

preferred cooler areas. Maximum temperatures of summer season and temperature seasonality were the 

most important climatic factors determining the distribution of this crop. Precipitation did not play a 

significant role in determining suitability of cocoyam because the crop is adapted to water logged and 

flooded conditions.  These are often associated with higher soil acidity and therefore, not directly reliant on 

precipitation for soil moisture as in other crops (2). Although elevation was not important as an individual 

factor, the results indicated that cocoyam production was suitable mostly in the eastern highlands, where 

temperatures are cooler and the annual variation is small as shown by lower standard deviation of 

temperature values across the season. 
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Although not as significant as temperature based factors, the results indicated that suitability of cocoyam 

increased with increase in total annual precipitation as an individual factor up to 800 mm.  Further increases 

in precipitation did not contribute to suitability. This indicated that the minimum requirement for cocoyam 

production was 800 mm of rain, a condition which can be met in many parts of the country. However, since 

this factor was not very important (14.5%) it showed that it was not enough to have only a minimum of 800 

mm for an area to be suitable, but to meet other conditions, including availability of water-logged or flooded 

land. Precipitation received in the wettest quarter was not an important factor in determining the suitability 

of cocoyam. Since cocoyam is a perennial crop, the factors that determine the suitability of an area for its 

production should be those that are not season-based unlike annual crops such as tobacco or maize. 

Therefore, some areas may have supportive conditions during part of the year, but if these were unable to 

sustain the entire annual production cycle of the crop, then they were adjudged unsuitable.  

Soil type was the most important factor in determining suitability of Livingstone potato in Zimbabwe, which 

together with mean temperature of wettest quarter contributed more than 80% towards determining 

suitability of an area to produce the crop. The ferric luvisols preferred by Livingstone potato were found in 

central eastern Zimbabwe, which partly explained the distribution of suitable areas for Livingstone potato 

production. As in the case of cocoyam, a specific seasonal climatic characteristic determined suitability. For 

Livingstone potato, suitability increased with increase in mean temperature of wettest quarter up to about 

18°C and started to decrease with further increases in mean temperature of wettest quarter. Mean annual 

temperature and temperature seasonality were not at all important for determining crop suitability of 

Livingstone potato in Zimbabwe.  This meant that the crop was tolerant of a variety of temperature 

conditions, but the temperature conditions had to be specific only for a specific time of the year when 

precipitation was received (mean temperature of wettest quarter). The findings that precipitation based 

factors were most suitable for Livingstone potato could be linked to the characteristics of the soils required 

by the crop. These are those which may be able to store adequate soil water at least for the critical growth 

and tuberization processes to take place, after which the tuber could grow for long periods without any 

water (12).  

The finding that soils were among the most important factors determining the suitability of both cocoyam 

and Livingstone potato could be linked to the fact that for these tuber crops, the soil is not only the source 

of water and nutrients, but the zone where the starch (which is harvested by people) is stored. This, therefore, 

meant that the soil characteristics that were required by these crops should meet the fertility requirements 

as well as be able to allow for growth of the tubers when required. However, comparatively, soil type was 

less important for cocoyam than it was for Livingstone potato and yet the size of the tuber for cocoyam was 

bigger than that produced by Livingstone potato.  

5.2 Production potential of cocoyam and Livingstone potato  

Considering the fact that the majority of the areas that were modelled as highly suitable for cocoyam and 

Livingstone potato production were in communal and resettlement areas (old resettlements and recent 

A1/A2 schemes) and not in national parks, urban areas or forest zones, it is possible to actually grow these 

crops in these areas. The results showed that a total of over 11 300 km2 (about 1 100 000 ha) was highly 

suitable for cocoyam production and a total of over 7 400km2 (about 700 000 ha) was highly suitable for 

Livingstone potato production in Zimbabwe.  
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Assuming that only 30% of this area was arable and that cocoyam was grown on 2% of that farm area as 

part of a crop diversity system with an average yield of 10 MT/ha and at a producer price of US$2/kg, the 

total potential income is over US$100 million annually. Elsewhere, studies have reported that intensive 

cocoyam production can yield over 100MT/ha (2) and that translates to billions of dollars.   

Assuming a similar 30% arable area of the modelled suitable area, and that 1% of that  area was allocated 

to Livingstone potato production, at an average yield of 2MT/ha and a producer price of US$3/kg, the total 

potential income from Livingstone potato  is over US$20 million annually. The majority of the cocoyam 

income would go to rural districts such as Nyanga, Mutasa, Makoni, Chipinge and Chimanimani, while that 

for Livingstone potato would be for Makoni, Nyanga, Marondera and Mutasa with overlaps of suitability 

in Mutasa, Nyanga and Makoni districts. The assessment of cocoyam was based only on corms, and 

therefore, extended benefits would be obtained after factoring in the value of leaves, petioles and flowers, 

which are frequently consumed as a vegetable representing an important source of vitamins and iron (38). 

Compared with other agricultural crops such as maize, tobacco, cotton and soybean, this value represents 

significant income and profitability considering that cocoyam and Livingstone potato require relatively less 

inputs and labour (18).  

Although these calculations provide a basis for planning for the crops, careful consideration should be done 

as they may be too simplistic.  This is because agricultural commodity markets dictate that when production 

increases, prices will fall. Thus, the above figures may not be realized in full.  The size of the market for 

the crops based on food preferences and the willingness of the population to try new food sources should 

be determined. Comprehensive market studies are therefore required for both cocoyam and Livingstone 

potato in Zimbabwe.  Furthermore social preferences on growing and consumption of these crops should 

be considereds 

5.3 Other potential advantages of cocoyam and Livingstone potato production 

Cocoyam is as tolerant of high rainfall with adequate drainage as it is to drought. It tolerates low fertility, 

low pH,   has a high nitrogen-use efficiency, especially when grown in partially shaded conditions, which 

explains why it is the most outstanding among terrestrial crops in its ability to accumulate photosynthates 

under shaded conditions (2). Both cocoyam and Livingstone potato have very high productivity potential 

in a small area (of up to 120MT/ha) and yet have a higher market value than less productive and less yielding 

crops (2). Cocoyam and Livingstone potato tolerate and even perform better as component crops in crop 

diversity, which makes them suitable for increasing land utilisation and profitability. Cocoyam and 

Livingstone potato have the potential for increasing the sustainability of agricultural enterprises in those 

areas that are suitable for their production, and for improving health and nutrition in rural communities in 

the country while providing diversity, rich taste and healthy options for affluent consumers in local and 

international markets. For example, the crude protein content of cocoyam and Livingstone potato is slightly 

higher than that of sweet potato and Irish potato, making them complete food sources in terms of nutrition 

(2; 14). Cocoyam is richer as it contains higher amounts of essential minerals (Ca, Mg and P) than other 

tuber crops and is highly recommended for diabetic patients, the aged, children with allergies and for 

persons with intestinal disorders (7). 
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The two crops even become more important in the face of climate change and variability given that they 

are more resilient or even more productive under adverse conditions (7). There is, therefore, a need to move 

from the traditional role of root crops (as insurance crops that were meant to assure a steady food supply in 

cases of drought or other unfavourable environmental or market conditions that result in failure of the main 

food or cash component), to making them commercial and food security enterprises given their distinct 

advantages over common grains. This can be achieved through dedicated research and extension, supported 

by a deliberate policy directive aimed at promoting their production. Such an approach will buttress the 

implementation of the food security and nutrition cluster of ZIMASSET, which advocates for increased 

crop diversity. 

5.4 Potential limitations 

Although the results of this study were considered robust and reliable (given the high AUC values), there 

were a number of issues that should be considered in the interpretation and application of results. The 

bioclimatic envelope approach was based on the niche concept, with the definition of the term “niche” still 

subject to debate (18; 39; 40) and there is no consensus about the naming of the methodology (41-43). In 

modelling distributions in human managed ecosystems the definition of the range should be according to 

social factors such as cultural preference and tradition. These are so difficult to represent in quantitative 

models and yet may have an influence on the observations of presence points used for running the model 

or for adoption of outputs from the model (or on both). For example, this study observed that areas in Bikita 

and Zaka were highly suitable for cocoyam production while areas in Marondera and Chimanimani were 

highly suitable for Livingstone potato production. This does not directly translate to production potential as 

many factors may affect the farmers’ decisions to grow or not to grow the crop. As explained in the model 

assumptions, these socio-economic factors (including availability of markets, experience, availability of 

extension support, culture among others) are difficult to capture in this type of modelling and should be 

considered in application of model results. In addition, since cocoyam is suited to marshy areas, the impact 

of increased or intensive cocoyam production on wetland health and functionality may need to be 

considered.  

6. CONCLUSION  

This research aimed to demonstrate the potential application of a novel method for assessing suitability of 

important, but often neglected crops, such as cocoyam and Livingstone potato. The implementation of the 

land evaluation procedure allowed the most suitable areas for cropping cocoyam and Livingstone potato in 

Zimbabwe to be identified and these should be included in the extension and agricultural policies. However, 

although the results were dependable for implementation, they in turn also depend on the input information, 

the selected parameters and the approach that was applied. The conclusion is that there is potential for 

further development of cocoyam production for food security, nutrition and income generation, while the 

specific areas that are suitable for Livingstone potato were limited to particular zones of the country.  

7. RECOMMENDATIONS 

Based on this study, it is recommended that Livingstone potato and cocoyam should be included in the 

agricultural extension programmes of the identified suitable areas in Zimbabwe to increase their production.  
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There is a need to strengthen agricultural research through the National Agricultural Research Systems 

(NARS) in the disciplines of agronomy, crop protection and value chain analysis of cocoyam and 

Livingstone potato in Zimbabwe. It is further recommended that further studies be done, particularly 

looking at genotypes and value chains for these crops in order to maximise their potential contribution to 

food and nutrition security and income generation in Zimbabwe.  
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ABSTRACT 

In many mixed cropping systems of Zimbabwe, maize is commonly grown in association with bush type 

dry beans, and maize is usually the stronger competitor and the bush type of dry bean produces very low 

yields. A Field experiment was carried out at three sites; Gwebi Variety Testing Centre, Harare Research 

Station and Cotton Research Institute, Kadoma during the 2011/2012 and 2012/2013 rainy seasons to 

determine the responses of bush type dry bean and moderate climbing type to intercropping with maize. A 

factorial experiment was laid out in a randomized complete block design. The five treatments were sole 

climbing bean, sole maize, sole bush bean, intercrop of climbing bean/maize and intercrop of bush 

bean/maize.  The grain yield in kg/ha, plant height in cm, Land Equivalent Ratios LERs and cost benefit 

analysis were used to compare the performance of the intercropping system.  Climbing beans were 

significantly taller than bush type of bean with a mean height of 123cm and 31cm respectively (P<0.001). 

Grain yield for both bush (1068 kg/ha) and climbing (1123 kg/ha) bean types were significantly higher 

(P<0.001) in monoculture than in the intercrop (bush 205kg/ha, climbing 440kg/ha). The intercrop had yield 

advantage over the sole crop as they had LER >1. The climbing bean/ maize LER of 1.33 was higher   than 

the bush bean /maize LER of 1.23 showing that 33% and 23% more land is needed to produce similar yields 

when crops are grown in monoculture. In terms of income the maize/climbing bean net income of 

US$435.38 was higher than the net income US$242.82 of intercropping bush type of bean with maize.  The 

results obtained suggest that intercropping maize with a climbing bean type is a better option than 

intercropping maize with the bush bean type and can be recommended to farmers. 

Key words: mixed cropping, maize, bush bean type, climbing bean type, Land Equivalent Ratios (LERs), 

net income  

1 INTRODUCTION 

Intercropping or mixed cropping is the most popular crop production system used in subsistence tropical 

agriculture (Willey 1979).  Intercropping is the growing of two or more crop species simultaneously in the 

same field during a growing season (Okonji J. Christopher etal 2012). The system has evolved in different 

areas and is so deeply established among peasant farmers that a complete change of the system may not be 

acceptable to most farmers. Intercropping is popular in the tropics and rain-fed areas of the world (Banik et 

al., 2000) due to its various advantages (Agegnehu et al., 2006). Intercropping increases the diversity of the 

products which a farmer can produce and minimizes risk in the event of adverse environmental conditions. 

Some farmers view intercropping as one option of reducing weed problems through non chemical methods 

(Vendermeer 1989) as this is affordable to the majority of resource poor farmers. Mixed cropping continues 

to be popular amongst agronomists and subsistence farmers because it ensures better utilization of crop 

growth resources (Francis, 1981).  
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In the intercropping system light interception and soil cover are usually increased compared with a 

monoculture system and yield loss due to weed competition is seen to be reduced (J.A. Orluchukwu and 

Udensi E. Udensi 2013). In East Africa and in many other countries intercropping often involves a cereal 

and a legume, with the cereal being the main crop. The cereal is the staple food and its yield is much higher 

than that of the legume. In Kenya the majority of beans (Phaseolus vulgaris) is grown in mixed stand with 

maize. According to (Mafongoya etal ., 2003) intercropping of grain legumes with maize is a widespread 

tradition in smallholder farming systems in many sub humid  and some semi arid parts of Southern Africa 

including Zimbabwe. In Zimbabwe maize is usually grown in association with bush type of bean.   Reports 

indicate that the maize is the stronger competitor in the mixtures with yields at the same level as in 

monoculture. This was also noted by (Waddington, S.R 2007) who stated that intercrop yield as expected 

with beans which is very early maturing had the least effect on maize yield.  Bean yields fall short of those 

in pure stands and an improvement in bean yield would increase the efficiency of intercropping.  Climbing 

bean might improve the yield of bean when it is used in mixed cropping systems. The objective of this trial 

is to evaluate the productivity of maize dry bean intercropping systems under smallholder conditions. 

Specific objectives are to evaluate the effect of dry bean variety on the productivity of maize and of maize 

variety on the productivity of dry bean.

2 OBJECTIVES 

 To determine the productivity of maize / dry bean intercropping systems under smallholder 

conditions.  

 To evaluate the effect of dry bean variety on the productivity of maize and effect of maize on 

the dry bean variety productivity. 

 To determine the costs and returns of each intercropping system 

 To identify the economically modest practice on intercropping based on findings and 

recommend the most suitable intercropping system 

3 METHODOLOGY 

A field experiment was established during the 2011/2012 2012/ 2013 rainy seasons at Harare Research 

Station which is located in Natural Region IIa, Gwebi Variety Testing Centre (GVTC) located Natural  

Region IIa and Cotton Research Institute Kadoma located in Natural Region IIb. Seeds of  two bean varieties 

NUA 45 , CIM CLIM  and one maize variety  (PAN 53) were planted at 37 000 plants per hectare in  four 

rows which were 90cm apart . The bush bean NUA45 and Climber CIM CLIMB were planted between the 

maize plants in row in the intercrop plots two weeks after planting maize.  Sole crop plots for maize were 

established at 37 000 plants per hectare. The climbing bean and the bush bean were established at 55 000 

plants per hectare and 220 000 plants per hectare with 6 rows and eight rows per plot respectively.  The 

experimental design used was randomized complete block design. Seed yield of the individual rows of all 

treatments were measured at maturity and sole crop yields were obtained from centre rows (mid plot) of the 

sole crops. Land Equivalent Ratio was calculated according to the method of Mead & Willey (1980) to 

determine overall system productivity. Productivity was also determined using the monetary index based 

on the market price and production costs of the component crops in the intercropping systems. Maize and 

bean yield components were determined on 10 plants at maturity.  
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Statistical analyses were performed using GENSTAT 14 Version and 5% least significance difference was 

used to separate significantly different means. 

4 RESULTS 

 Mass yields for the bean seed and maize kernels for the two seasons in which the trials were carried out 

are shown in Table 1 and Table 2. Sole crop yields for the bush type bean and the climbing bean were 

significantly higher (P<0.001) than in the intercrops. The mean yields of the bush type were 1068 kg/ha in 

monoculture and 205kg/ha in the intercrop whereas the climbing bean yields were 1123kg/ha in 

monoculture and 440kg/ha in the intercrop. The mean kernel yield of the maize was not different under both 

cropping systems i.e. the maize gave similar yields under monoculture as well as under intercropping with 

either the bush type of bean or the climbing bean. All the three component crops yielded less grain matter 

than did their sole crops. The mean maize yield was 3933kg/ha in monoculture, 3390 kg/ha when 

intercropped with climbing bean and 3883 kg/ha under bush type bean intercrop.

Table 1. Grain yield of sole and intercrops of maize beans 2011/2012  

Treatment Gwebi Harare Kadoma Mean yield 

 Yield in kg/ha Yield in kg/ha Yield in kg/ha kg/ha 

Bean Maize Bean Maize Bean Maize Bean Maize 

Climbing bean monoculture 311  1889b  1098b  1099  

Maize monoculture  3938  5379  5266  4981 

Bush bean monoculture 405  1631b  1218b  1085  

Maize/ climbing bean 

intercrop 

414 2261 660a 4974 518ab 5559 531 4265 

Maize/bush bean intercrop  292 3214 495a 5679 53a 5661 280 4951 

CV% 52.2 19.2 21.7 6.9 55 16.7   

P ns ns P<0.001 ns P<0.05 ns   

LSD   505.6      

Note:   a, b  Means followed by a different letter in the same row are significantly different by Duncan’s 

Multiple-Range Test at P level shown  

Table 2. Grain yield of sole and intercrops of maize beans 2012/2013  

Treatment Gwebi Harare Kadoma Mean yield 

 Yield in kg/ha Yield in kg/ha Yield in kg/ha kg/ha 

Bean Maize Bean  Maize Bean  Maize Bean Maize 

Climbing bean monoculture 463b  1627d  166a  752  

Maize monoculture  3617  4300  733  2885 

Bush bean monoculture 832c  917c  390b  713  

Maize/ climbing bean 

intercrop 

316b 2858 435b 4187 120a 496 290 2514 

Maize/bush bean intercrop  74a 3711 162a 4083 108a 651 81 2815 

CV% 27.4 10.4 15.7 18.7 27.7 27.2   

P P<0.001 ns P<0.001 ns P<0.001 ns   

LSD 230  240  89.7    

Note:   a, b  Means followed by a different letter in the same row are significantly different by Duncan’s 

Multiple-Range Test at P level shown  
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The results for plant heights Tables 3 and Table 4 show that the climbing bean were significantly taller than 

bush type of beans (P<0.001). The climbing bean had a mean height of 123cm and the bush type of bean 

mean height of 31cm. 

Table 3. Plant height of sole and intercrops of maize beans 2011/2012  

Treatment Gwebi Harare Kadoma Mean height 

 Plant height cm Plant height cm Plant height cm cm 

Bean Maize Bean  Maize Bean  Maize Bean Maize 

Climbing bean 

monoculture 

76.7b  156.3b  140.7b  125  

Maize monoculture  199  275  260.3b  245 

Bush bean monoculture 33.5a  37.0a  47.3a  39  

Maize/ climbing bean 

intercrop 

77.5b 165 142.1b 263 150.7b 242.7a 90 224 

Maize/bush bean intercrop  32.6a 188 37.5a 282 36.3a 267.0c 35 245 

CV% 7.3 8.7 10.1 3.2 7.6 1.0   

P P<0.001 ns P<0.001 ns P<0.001 P<0.001   

LSD 8.07  18.9  14.2 5.63   

Note:   a, b  Means followed by a different letter in the same row are significantly different by Duncan’s 

Multiple-Range Test at P level shown  

Table 4. Plant height of sole and intercrops of maize beans 2012/2013  

Treatment Gwebi Harare Kadoma Mean yield 

 Plant height cm Plant height cm Plant height cm cm 

Bean Maize Bean  Maize Bean Maize Bean  Maize 

Climbing bean monoculture 117b  129b  126b  752  

Maize monoculture  177a  231  230  2885 

Bush bean monoculture 27a  38a  34a  713  

Maize/ climbing bean 

intercrop 

110b 163a 127b 230 129b 212 290 2514 

Maize/bush bean intercrop  23a 197b 33a 229 32a 210 81 2815 

CV% 12.8 4.9 4.0 4.0 17.5 9.8   

P P<0.001 P<0.05 P<0.001 ns P<0.001 ns   

LSD 17.7 20 6.5  28.1    

Note:   a, b  Means followed by a different letter in the same row are significantly different by Duncan’s 

Multiple-Range Test at P level shown  

In assessments of crop productivity of sole cropping systems, a useful expression is mass yield (mass per 

unit area). However in intercropping systems comparison is difficult because products are different for 

different plant species growing on one piece of land (Beets, 1982) In this case, crop productivity should be 

evaluated using a common unit. A widely used method is the land equivalent ratio (LER) (Beets, 1982: 

Wiley, 1985). LER is defined as the total land area required under mono-culture cropping to give yields 

obtained in the poly-culture cropping system (Mead and Willey, 1980). Total LER (LERT), including maize 

partial LER (LERM) and bean partial LER (LERB) was calculated as follows: 

http://www.rcz.ac.zw/


10th Zimbabwe International Research Symposium Book of Papers Presented (ISSN: 2412-2386) 

Published by Research Council of Zimbabwe   

Website: www.rcz.ac.zw   475 

LERT = LERM + LERB = YIM/YSM + YIB/YSB 

Where: 

YIM and YIB are mass yields per unit area of intercropped maize kernels and bean seeds respectively, and  

YSM and YSB are mass yields per unit area of sole cropped maize kernels and bean seeds respectively. 

If LERT is greater than one (LERT>1), intercropping has a yield advantage while there is a disadvantage 

from intercropping if LERT is less than one (LERT<1) (Beets, 1982; Wiley, 1985). The LER values of the 

maize/bean intercropping systems for 2011/2012 and 2012/2013 season are shown in Table 5 and Table 6. 

The total LER values varied from 1.12 to 1.54 under the maize/bush bean intercropping system indicating 

an advantage due to intercropping of the two component crops. The total LER values for intercropping 

maize with climbing bean ranged from 1.25 to 1.90 again showing an advantage from intercropping maize 

with climbing bean. These results show that the LER depends on the type of bean variety used in the 

intercrop with maize.  

Table 5. Land equivalent ratio values of dry bean /maize intercrops gross and net incomes from bush 

bean/maize and climbing bean/ maize intercropping systems 2011/2012  

Gwebi bean / maize intercrop Partial LER Total 

LER 

Gross income Net income 

Treatment Bean  Maize    (US$/ha)  (US$/ha) 

Maize/climbing bean 1.33 0.57 1.90 1265.39 122.39 

Maize/bush bean 0.72 0.82 1.54 1353.99 212.99 

      

Harare bean / maize intercrop Partial LER Total 

LER 

Gross income Net income 

Treatment Bean  Maize    (US$/ha)  (US$/ha) 

Maize/climbing bean 0.35 0.92 1.27 2407.59 1260.59 

Maize/bush bean 0.30 1.06 1.36 2361.02 1214.02 

      

Kadoma bean / maize intercrop Partial LER Total 

LER 

Gross income Net income 

Treatment Bean  Maize    (US$/ha)  (US$/ha) 

Maize/climbing bean 0.47 1.06 1.53 2361.32 1214.32 

Maize/bush bean 0.04 1.08 1.12 1692.89 545.89 

Sites  mean      

Maize/climbing bean    2011.43 865.77 

Maize/bush bean    1802.63 657.63 

Gross income based on calima dry bean price of US$1.50/kg, maize grain price of US$0.285/kg. Net income 

based on production costs of bush or climbing type of beans and maize=US$ 1 147 

The Land equivalent ratio (LER) as a measure of productivity uses weight as the index of productivity. This 

index is quite adequate for comparing trials involving a single crop because the weight of its one product is 

also indicative of other indices such as those for economic or nutritional values.  
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However, in multiple cropping, several crops are usually involved and their products are likely to be 

heterogeneous, so the use of total weight of all products cannot be used as the sole index of productivity. 

Heterogeneity among products of different crops makes the weight index (total weight of all products) less 

meaningful and not indicative of other important indices, such as those representing economic or nutritional 

values (Waddington, S.R., A.F.E. Palmer, and O.T. Edje, eds. 1990). One of the commonly used productivity 

indices is based on market price and is expressed as a monetary index or value. A monetary value according 

to (Gomez and Gomez 1983) is calculated using the current producer price and market price of a commodity.  

The monetary value is easily understood and is meaningful to the layman. The monetary values of the 

climbing bean and bush bean maize intercrops are shown in Table 5 and Table 6.  

Table 6. Land equivalent ratio values of dry bean /maize intercrops gross and net incomes from bush 

bean/maize and climbing bean/ maize intercropping systems 2012/2013  

Gwebi bean / maize 

intercrop 

Partial LER Total 

LER 

Gross income Net income 

Treatment Bean  Maize    (US$/ha)  (US$/ha) 

Maize/climbing bean 0.68 0.79 1.47 1288.53 141.80 

Maize/bush bean 0.09 1.03 1.12 1168.64 21.64 

      

Harare bean / maize 

intercrop 

Partial LER Total 

LER 

Gross income Net income 

Treatment Bean  Maize    (US$/ha)  (US$/ha) 

Maize/climbing bean 0.28 0.97 1.25 1845.80 698.80 

Maize/bush bean 0.18 0.95 1.13 1406.66 259.66 

      

Kadoma bean / maize 

intercrop 

Partial LER Total 

LER 

Gross income Net income 

Treatment Bean Maize   (US$/ha)  (US$/ha) 

Maize/climbing bean 0.72 0.68 1.40 321.36 -825.64 

Maize/bush bean 0.28 0.89 1.17 347.54 -799.46 

Sites  mean      

Maize/climbing bean    1151.90 4.99 

Maize/bush bean    974.26 -172.00 

Gross income based on calima dry bean price of US$1.50/kg, maize grain price of US$0.285/kg. Net 

income based on production costs of bush or climbing type of beans and maize=US$ 1 147 

The net income from the intercropping of maize with climbing bean ranged from a loss of US$ 825.64 

per hectare to a profit of US$1260.59 per hectare. In the bush type of bean association with maize the net 

income ranged from US$1214.32 per hectare to a loss of US$799.46 per hectare. For the two seasons the 

net income from the intercropping maize with climbing bean was US$435.38 per hectare which was 

higher than the income of US$242.82 obtained from the intercropping bush type of bean with maize.  
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5 DISCUSSION 

The results show that the climbing bean gave higher grain yield than the bush type of bean when 

intercropped with maize. The climbing bean was also taller than the bush type of bean.   

These results are in accordance with indications of Smith (2000) who reported that climbing type of 

legumes as companion crop were superior to dwarf type legumes in mixtures with maize.  Furthermore 

Hakan etal (2008) state that cowpeas and climbing bean performed better than dwarf bean or bush type 

of bean. The results also showed the there was no change in the maize grain yield in both the intercrop 

and the sole crop. These findings are supported by   Sangakkara., etal (2003) in trials carried out in 

tropical highlands of Sri Lanka  also observed that the yield of maize intercropped with bean were 

similar to monoculture. The cropping system had no effect on the plant heights of three crops as the 

heights of the maize, bush bean and climbing bean in monoculture were similar to the heights in the 

intercropping systems. These findings are supported by Uddin Jamal., etal (2009) in trials in 

intercropping hybrid maize with short duration  vegetables including French bean  found that maximum  

plant height was recorded from sole maize but statistically identical to all treatments. Santalla., M et al 

(2001) states  that LERs > 1.0 were found in intercropping field maize with the bean varieties PHA-

0009, PHA-0012, PHA-0016, PHA-0041, PHA-0057 and PHA-0471 whilst the bean varieties PHA-

0013, PHA-0014, PHA-0065 and PHA-0104 had LERs<1.0. For the two seasons the average LER for 

the maize/ climbing bean was 1.33 and for the maize bush bean type intercrop the average LER was 

1.23. This indicates that the intercropping of maize climbing bean is more advantageous than the 

intercrop of maize and bush bean type. The net income from intercropping climbing bean was nearly 

double the net income from intercropping maize with bush type of bean.   This shows that the climbing 

bean /maize intercrop gives more returns per hectare than the bush type of bean/ maize intercrop. 

 6. CONCLUSIONS 

The climbing bean yields in intercrop were significantly higher than the bush type of bean resulting in 

higher LERs for the climbing bean/maize intercrops than the bush type of bean/ maize intercrop. The 

net income   from the climbing bean/ maize intercrop was also higher than the bush type bean/maize 

intercrop. These three productivity indices show that the climbing bean/maize intercrop is more 

productive than the bush bean/maize intercrop and is recommended to farmers. 
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ABSTRACT 

In Zimbabwe bollworms are the most destructive pests of cotton, capable of causing yield losses of up 

to 60%. Evaluation of new insecticides to complement those already on the market is an important part 

of bollworms control strategy. Trials were conducted at Cotton Research Institute (Kadoma), Kuwirirana 

(Gokwe)  and Umguza (Matebeleland North) to evaluate the efficacy of Cartap hydrochloride 50SP on 

the control of red bollworm in cotton for three seasons 2010/11to 2012/13. Efficacy of the insecticide 

on predators was also assessed. The trials had five treatments laid out in a randomized complete block 

design replicated 4 times. Cartap Hydrochloride 50SP was evaluated at three rates, 800g/ha, 1000g/ha 

and 1200g/ha in comparison with untreated control and Carbaryl 85WP as the standard.  The three rates 

of the new insecticide controlled red bollworm larvae at Kuwirirana and Umguza and compared very 

well with the standard Carbaryl 85WP  although the rate of 1000g/ha had the best control at Umguza. 

The good performance of Cartap Hydrochloride 50SP under trials for three seasons indicated that the 

chemical can be registered for control of red bollworm in Zimbabwe. The chemical can be recommended 

at rates within the range of 800 – 1200g/ha. 

Key-words: Cartap Hydrochloride 50SP, Cabaryl 85WP, Diparopsis castanea. 

1.0 INTRODUCTION 

The red bollworm, Diparopsis castanea is pest of significant economic importance, (Shilla et al, 2002). 

The bollworm control strategy in cotton involves the rotation of insecticides within a season. 

Organochlorine and carbamate groups of insecticides are alternated with pyrethroids. (Bretell, 1986). 

The whole of Zimbabwe except the South East Lowveld uses carbamates and organochlorines from 20 

October up to 31 January and pyrethroids from the 1st of February to the end of the season. In the South 

East Lowveld carbamates and organochlorines are used from 5 October to 24 December, then 1st of 

March to end of season. Pyrethroids are used from 25 December to end of February. This is done in 

order to prevent bollworms from developing resistance because uncontrolled use of pyrethroids, with 

their relatively wide spectrum of insecticidal activity could lead to primary pest resurgence, secondary 

pest outbreaks and pesticide resistance. Cotton utilizes more insecticides than any other single crop in 

the world, (Shilla et al, 2002).  Cartap hydrochloride is a conventional insecticide with low toxicity. It 

is a nereistoxin analog and a nicotinergic acetylcholine blocker, causing paralysis of insects by blocking 

cholinergic transmissions in the  central nervous system of insects. (Hari and Anugrah, 2012). Cartap 

hydrochloride 50SP is a systemic insecticide with stomach and contact action, (Sino Harvest, 2013).   

Over the years Zimbabwean cotton farmers have been relying on Carbaryl 85WP for control of red 

bollworm. However Carbaryl 85WP has been listed under ban as a plant protection product by European 

Pesticide Action Network (PAN, 2008) thus leaving local farmers with limited options. There is 

therefore need to provide farmers with an alternative chemical for the control of cotton red bollworm in 

Zimbabwe. 
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 Evaluation of new red bollworm insecticides to complement those already on the market is an important 

part of the management of the pest in cotton.  

2.0 OBJECTIVES 

The objectives of this project was to determine the efficacy of Cartap hydrochloride 50SP in the control 

of red bollworm in cotton. The evaluation additionally monitored the effect of the new insecticide on 

predators.  

3.0 METHODOLOGY 

The trials were carried out at Cotton Research Institute-CRI (Kadoma), Kuwirirana (Gokwe North) and 

Umguza (Matebeleland North) from 2010-11 to 2012-13 season. In the first season 2010-11 Cartap 

hydrochloride 50SP was tested at three rates of 400g/ha, 600g/ha and 800g/ha. In the second and third 

season the rates of Cartap hydrochloride 50SP were revised to 800g/ha, 1000g/ha and 1200g/ha against 

Cabaryl 85WP at 1176g/ha as the standard and an unsprayed control. The trials were laid out in 

randomised complete block design with five treatments replicated four times. The gross plots were 10 

rows by 1m by 22 m (220 m2). Treatments were applied uniformly on sprayed areas of 8 rows by 1m by 

22 m (176 m2), and an effective sampling plot of 6 rows by 1m by 12 m (72 m2) at all sites. Activities 

at all sites were done using the basic agronomic practices as outlined in the Cotton Handbook of 1998, 

partial revised edition standards. Dates of planting, emergence, thinning, first scouting, application of 

first and last treatment sprays and last scouting dates were all recorded. Picking and weighing of seed 

cotton from sampling plots was done at all sites. Scouting was done twice a week. Bollworm eggs were 

recorded on the first scouting date of the week. Bollworm larvae and predators were recorded on the 

second scouting date of the week. Sprays for control of red bollworm were applied based on the mean 

count of one egg per 4 plants. Sprays for control of other pests were applied over the whole trial area 

using the pests` economic threshold levels, (CGA, 1998).  All data was checked for normal distribution. 

Data not following a normal distribution was transformed using the square root of count + 3/8. Red 

bollworm larval and predator counts as well as yield of seed cotton per hectare were analysed using 

Genstat 14th Edition of 2011. Significant means at (p<0.05) were separated using the Duncan `s multiple 

range test. 

4.0 RESULTS  

Preliminary results obtained in the first season of evaluation 2010-11 at all sites caused a change in the 

application rates of Cartap hydrochloride 50SP from 400g/ha, 600g/ha and 800g/ha to increased rates of 

800g/ha, 1000g/ha and 1200g/ha for the last two seasons.  

Red bollworm larva at CRI 

In 2011-12 season at CRI significant differences due to treatments (p<0.05: Table 1) were noted on red 

bollworm larval counts. The least red bollworm larval count was recorded in the standard chemical and 

lower rate of Cartap hydrochloride 50SP of 800g/ha. The other two rates of the new chemical of 

1000g/ha and 1200g/ha had red bollworm larval counts comparing with the standard and rate of 800g/ha. 

There were no significance differences on yield of seed cotton per hectare among the treatments. In the 

season 2012-13 there were no significant differences among treatments on red bollworm larval counts. 

However significant differences (p<0.05: Table 1) were observed due to treatments on yield of seed 

cotton per hectare. The standard chemical resulted in the highest yield while all other treatments had 

comparably low yields than the standard.  
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Table 1. Effect of Cartap Hydrochloride 50SP on mean red bollworm larval counts and yield of 

seed cotton per hectare at CRI in the 2011-12 to 2012-13 season. 

Treatment                                             Red bollworm larva            Yield (kg/ha) 

                                                                2011-12    2012-13       2011-12         2012-13 

1.No control of red bollworm                1.2c              1.2                  424 281a 

2.Carbaryl 85WP at 1176g/ha                0.3a              1.3   681 372b 

3.Cartap 50SP at 800g/ha                       0.5a              1.3 559 250a 

4.Cartap 50SP at 1000g/ha                     0.7ab            1.1 630 233a 

5.Cartap 50SP at 1200g/ha                     0.7ab             1.2                 582 237a 

Mean                                                       0.7               1.2                    575 275 

p-value                                                    0.038           0.194                0.129 0.03 

LSD (0.05)                                              0.3               0.2143               - 0.63 

CV, %                                                     17                11                     21 21 

N.B. Values followed by the same letter in a column are not significantly different at the 5% level (Duncan `s Multiple Range Test).  

Predators  at CRI 

In the season 2011-12 and 2012-13 seasons there were no significant differences among treatments 

on populations of Chrysopa larvae and lady bird beetle larvae populations.  
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Table 4. Effect of Cartap Hydrochloride 50SP on predators at CRI in the 2011-12 season and 

2012-13 season. 

Treatment     Mean Chrysopa               Mean Ladybird                                                                            

     larval count                        Larval count 

                                                        2011-12   2012-13                  2011-12   2012-13 

1.No control of red bollworm        1.1             1.1                        1.5            0.9                                         

 2.Carbaryl 85WP at 1176g/ha      1.0              1.2                        1.2            1.2                                        

3.Cartap 50SP at 800g/ha              1.0              1.0                       1.0            1.2                                        

4.Cartap 50SP at 1000g/ha            0.9              1.1                       1.4            1.2                                        

5.Cartap 50SP at 1200g/ha            0.9              1.1                        1.6            1.2                                        

     Mean        1.0              1.1                        1.320        1.2                                          

     p-value      0.069         0.224                     0.236        0.346                                      

     LSD (0.05)      0.1488       0.1734                   0.5423      0.3044                                     

      CV, %                                    10               10                          27             17                                           

N.B. Values followed by the same letter in a column  are not significantly different at the 5% level (Duncan `s Multiple Range Test) 

Predators  at Kuwirirana 

In 2011-12 and 2012-13 seasons there were significant differences (p<0.05: Table 5) on Chrysopa eggs 

and ladybird beetle larval counts. The highest number of eggs of the predator Chrysopa in the two 

seasons were observed in the control treatment. All other treatments had comparably low Chrysopa eggs 

(Table 5).  Significant differences (p<0.05: Table 5) on the population of ladybird beetle larvae were 

observed in the 2011-12 season. The highest populations of lady bird beetle larvae were recorded in the 

control treatment while all other treatments had comparably low populations of the predator.  In 2012-

13 season the predator ladybird beetle did not appear at Kuwirirana. 
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Table 5. Effect of Cartap Hydrochloride 50SP on predators at Kuwirirana in the 2011-12 season 

and 2012-13 season. 

Treatment     Mean Chrysopa                         Mean Ladybird                                                                            

               eggs                                          Larval count  

                                                        2011-12       2012-13                          2011-12   2012-13 

1.No control of red bollworm        1.2b            1.6b                                1.2b            0                                         

 2.Carbaryl 85WP at 1176g/ha       0.8a            1.1a                                 0.8a           0                                        

3.Cartap 50SP at 800g/ha               0.8a            0.9a                                 0.7a           0                                        

4.Cartap 50SP at 1000g/ha            0.9a             0.7a                                 0.6a          0                                        

5.Cartap 50SP at 1200g/ha            0.8a             0.6a                                 0.6a           0                                        

     Mean     0.9               1.0                                  0.8             0                                          

     p-value 0.039           0.009                              <0.001       0                                      

     LSD (0.05)   0.2957          0.5132 0.2            0                                     

      CV, %                                    21                34.6                                    18          0                                            

N.B. Values followed by the same letter in a column are not significantly different at the 5% level (Duncan `s Multiple Range Test) 

Predators  at Umguza 

In the season 2011-12 there were no significant differences among treatments on populations of 

Chrysopa and ladybird beetle larval counts at Umguza. In the season 2012-13, Chrysopa did not appear 

at Umguza.  

However, significant differences (p<0.05: Table 6) were noted among populations of ladybird beetle 

larvae, with the 1000g/ha rate of Cartap Hydrochloride 50SP recording the highest population of the 

predator. All other treatments had comparably low populations of the ladybird beetle larvae.  
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Table 6. Effect of Cartap Hydrochloride 50SP on predators at Umguza in the 2011-12 season and 

2012-13 season. 

Treatment     Mean Chrysopa                         Mean Ladybird                                                                            

     larval count                                   Larval count  

                                                        2011-12   2012-13                          2011-12         2012-13 

1.No control of red bollworm      0.9            0                                     0.7                   0.6a                                         

 2.Carbaryl 85WP at 1176g/ha    0.8             0                                    0.5                   0.7a                                        

3.Cartap 50SP at 800g/ha            0.9             0                                    0.6                   0.6a                                        

4.Cartap 50SP at 1000g/ha          0.8             0                                    0.9                   1.4b                                        

5.Cartap 50SP at 1200g/ha          0.7             0                                    0.7                   0.4a                                        

     Mean      0.8             0                                    0.7                   0.7                                          

     p-value   0.166 0                                    0.533               0.014                                      

     LSD (0.05)     0.2077       0   0.4212             0.5646                                     

      CV, %                                   16              0                                    41                    50                                            

N.B. Values followed by the same letter in a column  are not significantly different at the 5% level (Duncan `s Multiple Range Test) 

5.0 DISCUSSIONS 

5.1 Red bollworm larvae at CRI 

In the season 2012-13 there were no significant differences among treatments on red bollworm larval 

counts. The lack of significant differences among treatments in 2012-13 could have been caused by 

rainfall amounting to 553mm in the season which reduced the effectiveness of treatments by washing 

away the pesticidal applications, (Malinga, 2012). The standard chemical resulted in the highest yield 

while all other treatments had comparably low yields than the standard implying that the least population 

of red bollworm larva observed in the standard treatment resulted in less damage to cotton bolls, hence 

translating to higher yield. In this season yields were generally low at CRI because the crop was late 

planted in January due to erratic rains and the season had crop emergence problems.  

5.2 Red bollworm larvae at Kuwirirana site 

The control treatment had the highest red bollworm larvae in the two seasons because no red bollworm 

insecticide was applied in this treatment. The control treatment gave the least yield of seed cotton per 

hectare in 2011-12 because the highest populations of red bollworm larvae observed in this treatment 

caused significant damage to cotton bolls thus reducing seed cotton yield.  The new insecticide was 

effective on red bollworm control, hence resulted in high yields of seed cotton comparable to yield of 

the standard chemical Carbaryl 85WP.  
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5.3 Red bollworm larvae at Umguza 

Cartap Hydrochloride 50SP controlled red just as good as the standard chemical Carbaryl 85WP at 

Umguza because Cartap Hydrochloride 50SP a nereistoxin analog insecticide and a nicotinergic 

acetylcholine blocker, caused red bollworm larvae paralysis by blocking cholinergic transmissions in 

the  central nervous system of bollworm, (Hari and Anugrah, 2012). Cartap hydrochloride 50SP also a 

systemic insecticide with stomach and contact action, controlled all red bollworm larvae that got in 

contact with the insecticide as bollworms moved on the plant looking for cotton bolls, (Sino Harvest, 

2013).   

5.4 Predators at CRI 

The lack of significant differences among treatments on populations of Chrysopa larvae and lady bird 

beetle larvae populations could have been caused by populations of aphids present in the seasons which 

may not have been enough to attract abundant populations of the these predators. Aphid natural enemies 

usually appear with a certain delay, they do not appear in significant numbers until aphids begin to be 

numerous because they react to the presence of  aphids, (Flint, 2012).  The Chrysopa (lacewing) “the 

aphid lion” feeds on aphids among other pests, while the ladybird beetle larvae at fourth instar, has an 

aphid consumption rate of 90.1% (Muzzamil et al, 2008). 

5.5 Predators at Kuwirirana 

The survival of predators Chrysopa and ladybird larvae at kuwirirana in the control treatment could have 

been attributed to the non-application of the red bollworm insecticide in this treatment, because 

bollworm insecticides just like all other pesticides have high toxicity that kills sensitive predators, 

(Harisree, 2010). The standard chemical and the Cartap Hydrochloride 50SP killed predators in a similar 

way, thus suggesting that they have similar toxicity to Chrysopa and ladybird beetles. 

5.6 Predators at Umguza 

The rate of 1,000g/ha of Cartap Hydrochloride 50SP spared ladybird larvae at Umguza in 2012-13 

season while the lack of significant differences in populations of Chrysopa in 2011-12, 2012-13 seasons 

and ladybird larvae in 2011-12 seasons could have been caused by the reason cited before of low 

populations of prey (aphids) since the predators respond to availability of prey, (Flint, 2012).   

6.0 CONCLUSIONS 

Cartap hydrochloride 50SP at 800g/ha, 1,000g/ha and 1,200g/ha controlled red bollworm at CRI, 

Kuwirirana and Umguza, although at Umguza the rate of 1,000g/ha had a better control of red bollworm 

larvae than the other two rates of 800g and 1200g/ha.  The three rates of Cartap Hydrochloride 50SP 

performed as good as the standard chemical Carbaryl 85WP in maintaining low red bollworm larval 

populations. Cartap Hydrochloride 50SP killed predators at Kuwirirana in the same way as the standard 

chemical Carbaryl 85WP. At Umguza the rate of Cartap Hydrochloride 50SP of 1000g/ha spared 

predator ladybird beetle larvae better than all the other treatments.  

7.0 RECOMMENDATION 

Cartap Hydrochloride 50SP has been under trials in the past seasons 2010-11 to 2012-13, and it 

controlled red bollworm at 800g/ha, 1,000g/ha and 1,200g/ha, populations of the ladybird beetle larvae 
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at Umguza was not affected by the rate of 1,000g/ha. Cartap Hydrochloride 50SP can be registered for 

control of red bollworm in Zimbabwe at the rate of 800-1,200g/ha. 
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37. Timing of spray application for the management of cotton bollworms in 

Zimbabwe 
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ABSTRACT 

Application of chemicals for the control of Helicoverpa armigera and Diparopsis castanea is based on 

egg threshold, while for Erias insulana and E. biplaga larval counts are used. In Zimbabwe the 

traditional farmer practice involves use of weekly spraying, fortnightly spraying and spraying at first 

sight of damaged squares. The methods may be less effective, costly, damaging to the environment and 

labour intensive. Experiments were conducted for three consecutive seasons from 2010/11 season up to 

2012/13 season to evaluate the spray timing methods. Spraying at bollworm egg threshold level was the 

standard. The trial was laid as a randomised complete block design replicated four times at Cotton 

Research Institute, Dande and Umguza. Analysis of variance was done on bollworm larval counts and 

seed cotton yield using Genstat 14th version of 2011. The standard method and weekly spraying 

produced comparably reduced larval counts. Fortnightly spraying and spraying at first sight of damaged 

squares was less effective in control of bollworms. The standard method significantly spared predators 

at most sites over the three seasons in contrast with weekly spraying. However predator counts for 

standard and the other methods were comparable. Results of cost-benefit analysis done only in 2012/13 

showed that weekly spraying was most expensive than other methods. The standard method continued 

to be the best spray timing method for farmers.  

Keywords: Helicoverpa armigera, Diparopsis castanea, threshold, pest, spraying, predators 

1. INTRODUCTION   

A good scouting programme is still the first line of defence against insect pests in cotton (1). Sucking 

pests, spiny bollworm larvae (Erias insulana and E. biplaga), leaf eaters, soil pests and many other pests 

of cotton are easily identified by smallholder farmers, making it easier for them to make a decision to 

spray or not. However problems arise with bollworms (African bollworm, Helicoverpa armigera Hub. 

and red bollworm, Diparopsis castanea), where the recommended method is scout for bollworm eggs 

(2), and these bollworm eggs are very small, usually the size of a pin head (3) and difficult to identify. 

A survey which was carried out in 1994 showed that 38% and 36% of farmers could not recognise red 

and heliothis bollworm eggs yet 94% and 75% of the same group of farmers can easily identify the 

larval stages (4). In seasons with above normal rainfall bollworm eggs change from their usual blue and 

creamish white colour to greyish for red and heliothis bollworms respectively. For most farmers who 

are elderly and with poor eye sight they can`t recognise these eggs. The small bollworm eggs are also 

deposited singly (1) further increasing problems to farmers during scouting.  

The difficulties experienced by farmers in trying to identify bollworm eggs have led them to stop basing 

decisions of when to spray on economic threshold data as recommended but they now do routine sprays 

based on their own perceptions. Some farmers have resorted to weekly sprays, others apply fortnightly 

sprays, and the majority spray after observing a fallen damaged square which is a sign of the presence 

of the 1st instar larva. 
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This method has been recommended in various countries such as South and North Carolina, Virginia, 

Columbia (1, 5). Only a small fraction of farmers use the recommendations of the Zimbabwe Cotton 

Handbook where one should make use of bollworm eggs threshold scouted on 24 plants over an area on 

not more than 24 hectares. However, all these methods employed by farmers may be less effective and 

costly which would increase total production costs for these farmers. It is therefore essential to find an 

alternative, effective and cost saving spray timing method for use by these small-holder farmers among 

the different methods they are using. 

The aim of this study was to evaluate the effectiveness of the different spray timing methods used by 

smallholder farmers with the following specific objectives 

 To determine the method which can maintain low bollworm larval counts 

 To determine the method which can spare a high population of predators 

 To determine the method which can preserve high seed cotton yield 

 To determine which spray timing method is economical 

2. MATERIALS AND METHODS  

This study, which began in 2010-2011 season, was repeated in 2011-12 and 2012-2013 season at Cotton 

Research Institute, (CRI). In the first season the experiment was established at CRI and Chisumbanje 

and at Dande, CRI and Mvuma in the second season and in the final season it was laid at Dande, CRI 

and Umguza. The experiment was laid out in a randomized complete block design with five treatments 

replicated 4 times at all sites. The treatments evaluated in this study are described on Table 1 below. 

Cotton variety used across all sites in all seasons was SZ9314, it was hand planted. Seeds were spaced 

at 0.3m in rows which were 1m apart in plots measuring 22m by 14 rows. Compound L (5:18:10) was 

used as basal treatments applied at 200kg/ha at planting and Ammonium nitrate (34.5%N) at 100kg/ha 

was applied at flowering.  

   Table 1: Description of different spray timing methods and control treatments evaluated   

No. Treatment name Treatment description 

1 Control  No chemical control of major bollworms (African, spiny and 

red bollworms) 

2 Standard or threshold 

control 

Chemical control of major bollworms at recommended 

threshold levels (red bollworm = 6 eggs/24 scouted plants and 

African bollworm = 12eggs/24 scouted plants) 

3 Weekly spraying Weekly spraying against major bollworms 

4 Fortnightly spraying Fortnightly spraying against major bollworms 

5 Damaged square  Spraying at first sight of at least three fallen and damaged 

squares/ buds on 24 scouted plants 

Planting was done at the start of every farming season at all sites, usually late November to mid 

December of each season. Four weeks after emergence seedlings were thinned to one plant per station. 
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Scouting for red, spiny and African bollworms and other pests started soon after thinning. Scouting was 

done once weekly.  

Six plants were scouted per plot which translates to 24 plants per treatment. All plants were scouted 

using the stepped traverse method in each plot. Other pests, sucking pests and leaf eaters were controlled 

when they reached or exceeded their recommended economic thresholds on 24 scouted plants selected 

randomly over the whole trial area. Weekly egg and larval counts of African, red and spiny bollworms 

and predators (larva and adult ladybird beetle, crysopa and spiders) were recorded.  An analysis of 

variance (ANOVA) on the data were done using Genstat 14.1 version. ANOVA was also carried out on 

combined data for all sites by each season (across site analysis). Larval counts were transformed using 

the square root of count plus ⅜ (i.e. √ (β + ⅜)), where β is equal to observed parameter.  

3. RESULTS  

3.1 Effects of different spray timing methods on bollworms in 2010 – 11 season 

There were significant differences among treatment means on red, African and spiny bollworm larval 

counts (p < 0.05, Table 2).  The results shows that the weekly, fortnightly and spraying at first sight of 

damaged squares were not significantly different from the standard method but they were however 

significantly different from the control which had the highest population of red, African and spiny 

bollworm larvae.  

Table 2: Effect of different spray timing methods on number of Red and African bollworm larval 

stages at CRI in 2010/11 cropping season 

 Treatment African  Red  Spiny  

No control of bollworms                                 1.1b 1.7b 1.3b 

Threshold method                      0.6a 0.8a 0.6a 

Weekly spray                          0.6a 0.6a 0.6a 

Fortnightly spray                           0.6a 1.0a 0.6a 

Damaged square 0.9ab 1.3ab 0.6a 

Mean 0.8 1.1 0.7 

P-value 0.032 0.46 <.001 

LSD (0.05) 0.3 0.9 0.2 

CV (%) 17 23   5 

Means within a column not followed by a common letter are significantly different at 5% level by LSD 

comparison  

3.2 Effects of different spray timing methods on bollworms in 2011 – 12 season 

There were significant differences (p ≤ 0.05) for larval counts for African and red bollworms at CRI, 

Dande and Mvuma (Table 3). Weekly spraying  kept bollworm larvae at CRI below the level of the 

standard method (p <.001) whereas fortnightly spraying and spraying after first sight of damaged 

squares, bolls or buds had lower control as compared to the standard method. Dande results show 

significant differences for African bollworm larvae (p <.001) and red bollworm larvae (p = 0.003). 

Weekly spraying managed to check African bollworm larvae below, but comparable to the threshold 

method. Fortnightly spraying had poor control than weekly spraying and threshold method. 
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The lowest red bollworm count was recorded in the threshold method and was comparable to all test 

treatments. The no spray recorded the highest count in all cases.  

Table 3: Effect of different spray timing methods on number of Red and African bollworm larvae 

stages at Dande, CRI and Mvuma in 2011/12 cropping season 

           Dande                CRI          Mvuma 

 Treatment African  Red  African  Red  African  Red  

No control of bollworms                                     14.58a 3.83a 2.18a 1.08a      0.65a 0.35a 

Threshold method                          3.5c 0.83b 0.80c 0.40b    0.29b 0.10b 

Weekly spray                              2.67c 0.92b 0.61c 0.25c    0.15b 0.02b 

Fortnightly spray                               5.17b 1.00b 1.25b 0.60b    0.13b 0.08b 

Damaged square     4.04bc 1.62b 0.98bc 0.45b    0.19b 0.17b 

       

Grand mean     5.99 1.64 1.16 0.56    0.28 0.15 

P-value   <.001 0.003 <.001 <.001    0.006 0.020 

LSD (0.05)    1.40 1.48 0.45 0.29    0.27 0.18 

CV (%)    4.4 9.3 3.3 2.7    2.6 35.9 

Means within a column not followed by a common letter are significantly different at 5% level by LSD 

comparison  

At Mvuma the no spray had a significantly higher count of African (p = 0.006) and red (p = 0.020) 

bollworm larvae. The alternative spray timing methods were comparable to the recommended threshold 

method in both cases.  

3.4 Effects of different spray timing methods on bollworms in 2012-13 season 

The 2012 – 13 results showed significant differences for egg and larval counts for heliothis, red and 

spiny bollworms at CRI, Dande and Umguza (p ≤ 0.05). Results at CRI showed significant differences 

for both heliothis (p = 0.038) and spiny (p = 0.011) bollworm larvae among treatment means (Table 4).  

Weekly spraying kept African bollworm larvae at CRI below the level of the recommended threshold 

method whereas fortnightly spraying and spraying after first sight of damaged squares, bolls or buds 

had poor control as compared to the threshold method. Spiny bollworm larvae were highest in the 

weekly spraying and it was comparable to damaged squares. Significantly low spiny bollworm larvae 

were recorded in the threshold method and it was comparable with the no spray and fortnightly spraying.  

Dande results show significant differences for African (p < 0.001) and red (p = 0.045) bollworm larvae 

(p ≤ 0.05). The weekly spraying, fortnightly spraying and spraying at first sight of damaged plant part 

were not significantly different from the recommended threshold method. They all maintained a lower 

level of African bollworm larvae and red bollworm larvae when compared to the no control. Fortnightly 

spraying had poor control, but with no statistical differences, than weekly spraying and threshold 

method. The control recorded the highest count in all cases. At Umguza there were no significant 

differences (p = 0.033) among treatment means with regards to red bollworm larvae while all test 

treatments were comparable to the recommended method but had lower larval counts than the control.  

There were no significant differences among treatment means for African bollworm larvae.  
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Table 4: Effect of different spray timing methods on number of red, African and spiny bollworms 

larvae at Dande, CRI and Umguza during 2012/13 cropping season 

           Dande CRI       Umguza 

 Treatment African Red  African Red  Spiny  African  Red  

No control of 

bollworms                                     6.12 b 1.82 b 1.88 b 1.06 0.42 ab    0.79 0.54 b 

Threshold method                          1.54 a 1.21 a 1.33 a 0.88 0.17 a    0.21 0.36 ab 

Weekly spray                              1.79 a 0.93 a 1.30 a 1.56 1.00 c    0.21 0.14 a 

Fortnightly spray                               1.61 a 1.07 a 1.58 ab 1.06 0.50 ab    0.58 0.21 a 

Damaged square     1.82 a 1.25 ab 1.75 b 1.00 0.75bc    0.33 0.11 a 

        

Mean     2.57 1.26 1.57 1.11 0.56    0.43 0.27 

P-value    <.001 0.045 0.038 NS 0.011    NS 0.033 

LSD (0.05)    1.14 1.48 0.413 0.647 0.401    0.50 0.29 

CV (%)    10.7 12.4 17.1 13.7 15.5    19.0 13.6 

Means within a column not followed by a common letter are significantly different at 5% level by LSD 

comparison  

3.4 Across site analysis by seasons on accumulated bollworm larval counts 

Across site analysis done for all the sites for 2011 – 12 and 2012 – 13 seasons revealed significant 

differences among treatment means (Table 5). In 2012 – 13 season there were significant differences 

among treatment means with regards to African bollworm larvae (p < 0.001). The lowest larval count 

was recorded in the threshold method and was comparable to all experimental treatments while the no 

spray had significantly high larval counts. Spiny bollworm larvae was significantly high (p = 0.007) in 

weekly spraying and was comparable with damaged squares. The threshold method had the lowest spiny 

larval count which was comparable with fortnightly spray and no control. Red bollworm larvae had no 

significance differences.  

The 2011 – 12 season had significant differences in African (p < 0.001) and red (p < 0.001) bollworm 

larval counts. The lowest African bollworm larval count was in weekly spraying and was comparable 

with the threshold method while the highest count was in no control. The highest red bollworm larvae 

were recorded in the no spray and all other treatments were not significantly different from each other.  

3.5 Effects on different spray timing methods on beneficial organisms 

Significance differences among treatment means regarding crysopa eggs (p = 0.049) and spiders (p = 

0.007) were recorded for 2012/13 season for Dande (Table 6). Crysopa eggs were highest in the no 

control and were comparable to the threshold method and damaged squares. At the same site spiders 

were highest again in the no control and were not significantly different with the threshold method and 

damaged squares while the weekly spraying recorded the lowest count. 

There were significant (p = 0.040) differences among treatment means on crysopa eggs at CRI. The 

standard method of spray timing spared crysopa eggs and was comparable to the no control while 

fortnightly spraying recorded the lowest eggs count.  
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At Dande the weekly and fortnightly spraying did not preserve spiders and were comparable with the 

threshold method. The untreated control at this sites was significantly (p = 0.003) higher than most 

treatments but comparable to damaged squares.   

Table 5: Mean accumulated bollworm larval counts across three sites  

 2012 – 2013 season 2011-2012 season  

Treatment African  Red  Spiny   African Red  Spiny  

No control of bollworms                                 22.08b 6.92 0.42ab 31.06c 9.63b 0.56 

Threshold method                      8.42a 4.83 0.17a 9.75ab 2.63a 0.13 

Weekly spray                          8.92a 4.58 1.00c 7.13a 2.06a 0.13 

Fortnightly spray                           10.17a 4.42 0.50ab 12.63b 3.44a 0.06 

Damaged square 10.75a 4.50 0.75bc 10.88b 4.13a 0.56 

Grand mean 12.07 5.05 0.56 14.29 4.38 0.287 

P-value <.001 0.069 0.007 <.001 <.001 0.054 

LSD (0.05) 2.971 2.258 0.4040 3.336 2.173 0.453 

CV (%) 14.7 24.1 23.6 15.5 28.4 37.9 

Means within a column not followed by a common letter are significantly different at 5% level by LSD 

comparison  

Table 6: Effect of different spray timing methods on number of predators in 2012/13 season 

                  Dande    CRI  Umguza 

 Treatment Crysopa eggs Spiders   Crysopa eggs  Spiders 

No control of bollworms                                  1.64bc 1.86c 4.00bc    0.47c 

Threshold method                       1.86c 1.50c 4.75c    0.28ab 

Weekly spray                           1.18ab 0.86a 3.75bc    0.13a 

Fortnightly spray                            1.00a 1.04ab 1.75a    0.16a 

Damaged square  1.29abc 1.46bc 2.25ab    0.41bc 

Mean     5.99 1.64 1.16    0.28 

P-value    0.049 0.007 0.040    0.003 

LSD (0.05)    0.59 0.48 1.93    0.17 

CV (%)    27.7 9.5 20.4    38.1 

Means within a column not followed by a common letter are significantly different at 5% level by LSD 

comparison  

Across site analysis with regards to beneficial organisms for 2012 – 13 season shows that significance 

differences among treatment means were only recorded for crysopa eggs (p = 0.003) and spiders (p < 

.001) (Table 7). The highest count of crysopa eggs was in the threshold method and was comparable 

with the no spray and damaged squares. Fortnightly spraying had the lowest egg count and was 

statistically not different from weekly spraying. The no control had the highest spider count. The lowest 

spider count was recorded in the weekly spraying and was comparable with fortnightly spraying and the 

threshold method. For 2011 – 12 season significantly (p = 0.006) high crysopa egg count was recorded 

in the no spray and all other treatments were comparable (Table 8).  
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The no control also recorded the highest crysopa larval count and with the threshold method but 

significantly (p = 0.049) different weekly and fortnightly spraying. Ladybird beetle adult counts were 

highest in the no spray and were comparable with damaged squares. The threshold method, weekly and 

fortnightly spraying were comparable. The significantly (p = 0.006) low spider counts were recorded in 

fortnightly spraying and were statistically similar to weekly spraying and threshold method. The no 

control had the highest spider count and was comparable with damaged squares and threshold method. 

Table 7: Mean accumulated count of predators 2012 -13 season on three sites  

 Treatment 

Crysopa 

eggs 

Crysopa 

larvae  

Ladybird 

larvae 

Ladybird 

adult  Spiders 

No control of 

bollworms                                 

5.75c 1.08 1.17 1.08 6.67c 

Threshold method                      6.25c 0.50 1.33 1.08 4.08ab 

Weekly spray                          4.00ab 0.75 0.83 0.58 2.58a 

Fortnightly spray                           3.333a 1.33 0.50 1.33 3.58ab 

Damaged square 5.08bc 0.75 1.00 0.67 5.08b 

Mean 4.88 0.88 0.97 0.95 4.40 

P-value 0.003 0.410 0.171 0.196 <.001 

LSD (0.05) 1.620 0.796 0.683 0.728 1.527 

CV (%) 20.8 38.3 26.2 29.1 21.7 

Means within a column not followed by a common letter are significantly different at 5% level by DMRT 

comparison  

8: Mean accumulated count of predators 2011 -12 season on four sites  

Treatment 

Crysopa 

eggs 

Crysopa 

larvae  

Ladybird 

larvae 

Ladybird 

adult  Spiders 

No control of 

bollworms                                 

11.50b 2.13b 4.50 4.56b 7.25b 

Threshold method                      8.69a 1.56ab 2.69 2.44a 5.69ab 

Weekly spray                          8.81a 0.81a 2.50 2.50a 4.56a 

Fortnightly spray                           7.63a 1.00a 3.31 2.38a 4.50a 

Damaged square 8.81a 1.31ab 4.50 4.19b 6.44b 

Mean 9.09 1.36 3.50 3.21 5.69 

P-value 0.006 0.049 0.205 0.003 0.006 

LSD (0.05) 2.207 0.912 1.822 1.351 1.681 

CV (%) 18.2 37.8 39.1 28.2 21.6 

Means within a column not followed by a common letter are significantly different at 5% level by LSD 

comparison  

3.6 Effects of different spray timing methods on seed cotton yield 

Figure 1 displays seed cotton yield per hectare for CRI, Dande and Umguza. At Dande yield for control 

was significantly lower than all the other treatments, fortnightly spraying had intermediate yield while 
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the threshold control, weekly spraying and spraying at first sight of damaged square had high seed cotton 

yields which were not significantly different from each other.  

Comparison of seed cotton yield at CRI shows significant differences among treatment means with the 

control having the lowest yield. The intermediate yield was recorded for weekly spraying, fortnightly 

spraying and the threshold method. Significantly high yield was recorded in spraying at first sight of 

damaged squares or buds.   

At Umguza the highest yield was recorded in spraying at first sight of damaged squares which was not 

significantly different from the threshold method, weekly and fortnightly spraying. The last three were 

also comparable to the control which recorded the lowest yield per hectare.  
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Figure 1: Mean seed cotton yield  Kg/ha in 2012 -13 

No control Threshold control Weekly spraying
Fortnightly spraying Damaged square
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Figure 2: Mean seed cotton yield Kg/ha in 2011 - 12 

No control Threshold control Weekly spaying
Fortnightly spraying Damaged sqaure
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Figure 2 displays seed cotton yield per hectare for Dande, CRI and Mvuma for 2011 to 2012 cropping 

season. At Dande yield for control was significantly lower than all the other treatments, fortnightly 

spraying had intermediate yield while the threshold control, weekly spraying and spraying at first sight 

of damaged square had high and comparable seed cotton yields. Comparison of seed cotton yield at CRI 

shows significant differences among treatment means with the control having the lowest yield. The 

intermediate yield was recorded for weekly spraying, fortnightly spraying and spraying at first sight of 

damaged squares whilst the highest yield was achieved in the threshold spraying but it was comparable 

to weekly and fortnightly spraying. Different spray timing methods did not produced significant 

differences for seed cotton yield at Mvuma. However biological differences were recorded; the order of 

yield was: no control of bollworms, spraying after noticing at least three damaged squares, threshold 

spraying, weekly spraying and fortnightly spraying, lowest to highest yield respectively. Generally, 

weekly and fortnightly spraying produced yields which were comparable to threshold method and 

sometimes higher. These spray timing methods were also effective in keeping lower counts of bollworm 

eggs and larvae when compared to the threshold method.  

3.7 Cost benefit analysis of weekly and fortnightly spraying 

An economic analysis of the weekly and fortnightly spraying shows that the two methods were more 

expensive than the standard method but the weekly spraying method was most expensive than both the 

methods (Table 6).  

Table 6: Total variable costs (US$) associated with spray timing methods for 2012 – 13 season at 

CRI, Dande and Umguza  

 

 

 

 

 

4. DISCUSSION    

The weekly spraying generally performed comparable to the recommended threshold method in keeping 

low counts of red and heliothis bollworm larvae. Red and African bollworm counts were low indicating 

good performance of pesticides. Fortnightly spraying had poor control of bollworms in most incidences 

owing to the fact that pest populations may rise significantly before sprays are applied. This finding is 

similar to those established in Zambia (6). It was found out that routine spraying (such weekly and 

fortnightly) always gave low yields than scouting based sprays. H. armigera thresholds of 0.5 eggs per 

plant in Zambia are the same with those in Zimbabwe often described as 12 eggs per 24 plants (2, 6).  

Fortnightly spraying at Dande and Umguza had low yield owing to the fact that bollworm incidence, 

especially African bollworm were very high and thus the crop was exposed to pest damage for long 

before sprays could be applied. Routine sprays are not suitable because they increase the risks of 

environmental contamination because less than 1% of applied insecticides actually reach the target (7). 

A considerable proportion of the poison is deposited in water and soil bodies.  

Site/Treatment ET Weekly Fortnightly Difference  with ET 

Weekly  Fortnightly 

CRI 1050.59  1202.94 1109.10 (152.35)   (58.51) 

Dande 1139.02  1318.09 1143.19 (179.05)   (4.17) 

Umguza 1071.00  1208.74 1088.83 (137.74)   (17.83) 
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5. CONCLUSION  

The standard method continued to be the best spray timing method for use by cotton farmers in 

Zimbabwe. The method is effective and cheap as compared to other methods.  

6. RECOMMENDATION 

Scouting for red and African bollworm eggs and spiny bollworm larvae should be done before any 

pesticide sprays can be done in cotton.   
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ABSTRACT 

Intercropping coffee with annual and perennial crops is a common practice among smallholder coffee 

farmers in Zimbabwe. It is recommended in young coffee (1-3 years) or at rejuvenation in order to offset 

establishment costs and cater for the long gestation period of coffee. However, the effects of 

intercropping bananas and coffee on coffee productivity are currently a farmer’s guess in Zimbabwe. A 

field trial was set up at Coffee Research Institute in 2009 to evaluate the effect of intercropping coffee 

with bananas at different banana spacings on coffee growth, yield and financial returns. The trial was 

laid out in a randomized complete block design with 4 treatments replicated 3 times. Mono-cropped 

coffee (control) gave significantly thicker coffee stems, more primary branches, more internodes, 

smaller leaves and higher coffee yield than intercropped coffee (p<0.05). Coffee yield was significantly 

(p<0.05) higher in mono-cropped coffee than intercropped coffee. Coffee yield was positively correlated 

to the coffee number of primary branches (r = 0.987), girth (r = 0.791) and number of internodes (r = 

0.907). However, there was a strong negative correlation between coffee yield and coffee leaf area (r = 

-0.718) and banana density (r = -0.760), although there were no significant differences amongst 

intercropping treatments. Intercropping gave the farmer higher returns (Marginal Rate of Return) than 

mono-cropped coffee in the first three years of coffee in the field. Banana yield and income was 

significantly higher in the closest spaced banana treatment (Treatment 2) compared to the other banana 

treatments (p<0.05). Intercropping bananas in coffee is therefore recommended during the first three 

years of coffee in the field. However, more research on the key drivers of the intercropping systems is 

recommended. 

Keywords: Intercropping, banana, coffee, smallholder, coffee productivity, income 

1. INTRODUCTION 

Growing of bananas (Musa spp.) and coffee (Coffea Arabica L. and Coffea canephora) forms the 

economic base for many small scale farmers in Zimbabwe and other developing countries across the 

world (1, 2, 3). The two crops which are grown either as mono- or intercrops complement each other in 

terms of socio-economic benefits to the farmer. Coffee is grown mainly as a cash crop whilst banana 

provides food and a modest but continuous cashflow throughout the year, thus ensuring permanent food 

and income security for the smallholder farmers (1, 3). Intercropping coffee with annual crops such as 

sugar beans, soyabean, ground nuts, maize, rice, sorghum, cabbages, pepper, ginger, cowpeas and 

perennial crops such as bananas, mangoes, avocado pears is a common practice especially in the 

smallholder coffee sector of different countries (1,2,3,4,5,6,7,8,9,10). 
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 Some of the major reasons for intercropping coffee with other crops are shortage of land (1, 6), and the 

need for provision of food and cash from the same plot of land (3,11). In Zimbabwe, the practice is 

recommended in young coffee or at rejuvenation in order to offset coffee establishment costs and cater 

for the long gestation period of coffee in terms of income for the farmer (4). The effects of such farming 

practices on coffee productivity are not known to many smallholder farmer in Zimbabwe. The relative 

importance and overall effect of the different interactions between the plant/crop intercropped with 

coffee are dependent upon site conditions (soil/climate), species or variety used, below ground and 

above ground characteristics of the trees and crops, and management practices (12).  

Investigations into the effects of coffee intercropping systems have produced mixed results for different 

crops across the world (1, 2, 7, 8, 9, 10, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23). In Kenya studies 

indicated that it is possible and economical to intercrop young Arabica coffee with some crops such as 

beans, Irish potatoes, tomatoes and others during the first two years after establishment though yield 

depression is likely (6, 7). Intercropping canavalia (Canavalia ensiformis), cow peas (Vigna 

unguiculata), maize (Zea mays), cassava (Manihot utilisima) and plantain (Musa paradisiaca) with 

coffee did not significantly affect growth and early yield of coffee plants in Ghana (13). 

However, maize (7) and Cassava (13) depressed coffee crop in Cote d’Ivore, and Ghana respectively. In 

another study intercropping coffee with macadamia did not influence coffee yield under drip irrigation, 

but increased coffee production by 10% under rainfed conditions (18). Fruit trees (Avocado, Macadamia, 

Mangoes, Guavas, Loquats and Bananas), significantly reduced coffee photosynthetic active radiation 

and depressed coffee yields, but gave higher percentage of grade ‘A’ coffee, in Kenya (19). No 

significant differences in coffee yield between mono-cropped and coffee intercropped with bananas in 

Uganda’s Smallholder farming systems (1). Banana yields were significantly higher in intercrops than 

in monocrops for Arabica coffee but were significantly lower in intercrops compared with monocrops 

in Robusta coffee. No deleterious effects on coffee yields were recorded when rice and plantain were 

intercropped with coffee in Nigeria (10). Shade tree cover was found to have a positive effect on coffee 

yield between 23 and 38% cover and yield was then maintained up to 48% after which it may decrease 

under shade cover of more than 50% (20). Although intercropping bananas in coffee was found to 

sometimes lead to a decrease in coffee yields under certain conditions, it was generally found to give 

higher returns per unit of land compared with coffee mono-crop (1, 2, 21).  

Other than socio-economic advantages of intercropping, there are many biophysical benefits to be 

derived from intercropping coffee with bananas. Bananas provide shade which reduces stress on coffee 

brought about by temperature variations within the coffee canopy and wind damage (3). By moderating 

stress, banana shade minimizes the risk of overbearing dieback in coffee and helps the crop adapt to 

changing climatic conditions. The leaf canopy, root system and mulch provided by banana help 

minimize soil erosion (3). Intercropping makes effective use of scarce land and encourages biodiversity 

by providing a habitat for a variety of insects and soil organisms that might not be present in mono-

cropped environments and help limit crop pests outbreaks by increasing predator biodiversity (3, 21, 24, 

25). Intercropping systems are less risky for farmers, since the chances of simultaneous crop failure or 

low prices for both crops are lower (1).  

Although intercropping of coffee and banana is a common practice in the smallholder sector of 

Zimbabwe, there are no scientifically proven recommendations on how to intercrop the two crops and 
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some farmers are still practicing mono-cropping. Development of an economically viable coffee-banana 

intercropping recommendation domain would go a long way in ensuring food, nutrition and income 

diversification and security; mitigate impacts of climate change and alleviate poverty for the smallholder 

coffee farmer in Zimbabwe. One great advantage of coffee-banana intercropping is that it is based on 

indigenous knowledge and local coping strategies, which is beneficial for adoption of new technologies 

(2).  

2. OBJECTIVES 

The objectives of this experiment were to quantify the agronomic and economic performance of a 

coffee-banana intercropping systems under Zimbabwean conditions. 

3. MATERIALS AND METHODS 

3.1 Trial site 

The trial was established in 2009 at Coffee Research Institute, Chipinge (20o12 S and 32o37 E) at an 

altitude of 1100 m above sea level. The average annual rainfall at the site is 1180 mm of which 80% 

falls in five months from November to March. The mean maximum temperature is 20oC and mean 

minimum temperature is 14oC. Most of the soils at the station are from the orthoferralitic group derived 

from Umkondo quartzite and sandstones and are leached and strongly weathered (26) and are in the 

Ferralsols group according to FAO classification.  

3.2 Trial layout and treatments 

The trial was laid out in a Randomised Complete Block Design (RCBD) with 4 treatments replicated 3 

times.  Catimor 129 (Coffee variety) was planted in standard holes (45 cm x45 cm x 45 cm) at a spacing 

of 2.5 m x 2 m. Banana was planted at an in-row spacing of 2 m and inter-row spacing varied from 2 m 

(Treatment 2), 4 m (Treatment 3) and 6 m (Treatment 4). Gran Nain, a tissue culture product from South 

Africa was the banana variety grown. The treatments used in the trial were (a) Coffee monocrop 

(Control), (b) 1 row coffee between 2 rows of bananas, (c) 2 rows of coffee between 2 rows of bananas 

and (d) three rows of coffee between two rows of banana (Figure 1). Each plot comprised of 15 coffee 

covas and 12 banana mats. Bananas were regularly thinned to leave 3 plants per station and pruned once 

a year as practiced by smallholder farmers.  

* * *  ¤ * ¤  ¤ * * ¤  ¤ * * * ¤ 

* * *  ¤ * ¤  ¤ * * ¤  ¤ * * * ¤ 

* * *  ¤ * ¤  ¤ * * ¤  ¤ * * * ¤ 

* * *  ¤ * ¤  ¤ * * ¤  ¤ * * * ¤ 

* * *  ¤ * ¤  ¤ * * ¤  ¤ * * * ¤ 

Treatment 1 Treatment 2 Treatment 3  Treatment4  

Key:     *    Coffee               

  ¤   Banana              

Figure 1: Layout of the trial plots in the field 

3.3 Data collection 

Coffee growth (height, girth and number of primaries) data were collected from three central covas in 

each plot after every two months. Number of internodes and leaf area were measured once a year whilst 

banana yield data was collected from all the 12 plants in a plot as and when the banana bunch was 
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mature enough. Coffee yield was recorded once a year by collating monthly harvest totals for the season. 

These were then converted to clean coffee yield per hectare using the formula,  

  [1] 

Where x is kg/ha of clean coffee; a is plant spacing; b is cova type; c is number of data covas and d is 

the cherry yield per plot.  

3.4 Data Analysis 

One way analysis of variance was performed on growth (coffee) and yield data using Genstat 14th edition 

(VSN International) and where significant differences were observed the means were separated using 

the Duncan’s Multiple Range Test (DMRT). A correlation analysis was performed between coffee 

growth parameters, bamnana density and coffee yield. 

 3.5 Economic analysis 

The profitability of intercropping banana in coffee plots   was evaluated using partial budget analysis as 

described by CYMMYT (27).  Variable costs for coffee production and other variable costs such as 

weeding bananas were not taken into consideration since they were uniform across treatments. 

4. RESULTS 

4.1 Effect of intercropping on plant height, girth and number of primary branches 

Monocropped coffee (control) produced significantly (p<0.05) thicker coffee stems and more primary 

branches compared to intercropped coffee after three years of assessment (Table 1). Plant girth and 

number of primary branches increased with increased exposure of the coffee plant to sunlight. No 

significant differences (p>0.05) in coffee height were observed after three years of assessment          

(Table 1). 
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Table 1. Effect of intercropping on coffee height, girth and number of primary branches 

Treatmen

t  

Height (cm)  Girth (mm)  No. of primary 

branches  

2011  2012  2013  2011  2012  2013  2011  2012  201

3  

(1) 

Control  

41.0  65.8  88.6  10.3  25.4  32.9a  7.56  32.0a  44.8

a*  

(2) 1 row  35.9  54.9  74.2  9.6  20.2  25.1b  7.11  21.8b  30.7

b  

(3) 2 rows  41.3  57.1  77.9  10.3  22.5  28.7ab  6.22  23.7b  32.4

b  

(4) 3 rows  36.2  50.2  67.0  9.5  19.5  23.6b  8.00  22.4b  32.3

b  

p value 0.285  0.172  0.061  0.808  0.086  0.020  0.779  0.007  0.00

6  

*Means followed by the same letter are not significantly different from each other, according to 

Duncan’s Multiple Range Test. 

4.2 Effect of intercropping on number of internodes and leaf area 

Intercropping significantly (p<0.05) affected number of internodes on primary branches and leaf area 

for the coffee plants. Monocropped coffee (control) gave significantly higher number of internodes and 

smaller leaves than the intercropped coffee (p<0.05). Number of internodes per primary branch 

increased with increased coffee exposure to sunlight. Leaf area increased with reduced exposure of the 

coffee plant to sunlight (Table 2).  

Table 2. Effect of intercropping on number of coffee internodes and leaf area 

Treatment No. of internodes Leaf area (cm2) 

(1) Control 16.1a 13.2c 

(2) 1 row 10.5c 34.4a 

(3) 2 rows 12.4b 28.2b 

(4)  3 rows 12.9bc 16.2c 

P value 0.001 0.001 

*Means followed by the same letter are not significantly different from each other, according to 

Duncan’s Multiple Range Test. 
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4.3 Banana yield  

Closest banana density (Treatment 2) gave significantly (p<0.05) higher banana yield than the other 

intercropping options during the second year of harvesting. Banana yield increased with increased 

banana density. Bananas started yielding a year before the fly peak from coffee (Table 3).  

Table 3: Total annual banana yield (t ha-1) for three consecutive seasons. 

Treatments  
Banana yield (kg ha-1) 

2011 2012 2013 

(1) Control  0.0 0.0 0.0 

(2) 1 row  833.3 65 042a 25 010 

(3) 2 rows  725.9 30 068b 14 077 

(4) 3 rows  361.1 22 657b 8 751 

p - Value 0.748 <.001 0.094 

*Means followed by the same letter are not significantly different from each other, according to 

Duncan’s Multiple Range Test. 

4.5 Effect of intercropping on coffee yield  

Monocropped coffee (control) gave significantly higher (p<0.05) coffee yield than the intercropped 

coffee treatments during the second year of coffee harvesting (Table 4). Coffee yield increased with 

increased exposure to sunlight. There was a very strong positive correlation between coffee yield and 

number of coffee primary branches (r=0.987), girth (r=0.791) and number of nodes on primary branches 

(r=0.907). However, there was a strong negative correlation between coffee yield and coffee leaf area 

(r= -0.718) and banana density (r = -0.760).  

Table 4: Effect of intercropping on coffee yield (kg/ha) 

Treatment Coffee yield (kg/ha) 

2012 2013 Total 

Control 20.5 350.8a 371.3a* 

1 row 12.4 96.8b 109.2b 

2 rows 7.6 87.3b 94.9b 

3 rows 0.4 133.3b 133.7b 

p-value 0.552 0.025 0.030 

*Means followed by the same letter are not significantly different from each other, according to 

Duncan’s Multiple Range Test. 

4.5 Economic analysis 

All intercropping treatments gave higher net benefit than the monocropped treatment (Control) (Table 

5). Closest banana spacing (treatment 2) gave higher net benefit and marginal rate of return compared 

to the other treatments.  

 

 

 

 

http://www.rcz.ac.zw/


10th Zimbabwe International Research Symposium Book of Papers Presented (ISSN: 2412-2386) 

 

Published by Research Council of Zimbabwe   

Website: www.rcz.ac.zw  503 

 

Table 5: Partial budget comparing mono-cropped & intercropped coffee  

Item  Treat. 1  Treat. 2  Treat. 3  Treat. 

4  

Coffee income ($)  1113.9  327.60  284.70  401.10  

Average  Banana yield (kg/ha)  0.0  90 052  44 145  31 408  

Adjusted Banana yield (kg/ha)   72 041  35 316  25 316  

Banana income  0.0  14 408.32  7 063.20  5 

025.28  

Combined income ($)  1113.90  14 735.42  7 347.90  5 

426.90  

Banana shoots ($)  0.0  1 000.00  500.00  333.33  

Digging b/holes  0.0  588.00  294.5  196.00  

Planting bananas  0.0  375.38  187.69  125.13  

Pruning b/leaves  0.0  690.00  345.00  225.00  

Thinning bananas  0.0  4 164.00  2 082.00  1 

386.00  

Propping bananas  0.0  120.00  60.00  45.00  

Harvesting bananas  0.0  144.00  72.00  48.12  

TVCs  0.0  7 081.38  3 541.19  2 

358.58  

Net benefit ($)  1113.90  7 654.04  3 806.71  3 

068.32  

Marginal Rate of Return ($/ha)  0.92  0.76  0.82  

5. DISCUSSION 

Although intercropping had no significant effect on coffee plant height, it significantly affected other 

coffee growth parameters. In line with findings by other workers (10, 13) but contrary to others (21, 23) 

intercropping did not significantly affect coffee plant height. However, intercropping had negative effect 

on other coffee plant growth parameters assessed in this experiment. In agreement with reports by other 

researchers, intercropping reduced coffee girth, number of primary branches, number of primary branch 

internodes but increased leaf area compared to monocropped coffee (15, 21, 22). Given the strong 

positive correlation between coffee yield and coffee plant growth parameters, the negative effect of 

intercropping on growth parameters implies a negative effect on coffee yield. 
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The significant differences on banana yield could be attributed to differences in banana planting density 

rather than the coffee intercrop. The highest banana yield came from the treatment with the highest 

banana plant population. This could be attributed to mutual shading amongst bananas that helped 

conserve more moisture in the plots which improved banana productivity. Findings by other researchers 

showed that banana yields were significantly higher in intercrops compared with monocrops in Arabica 

coffee growing regions (1). 

Contrary to findings from this study coffee yields did not significantly differ between monocrops and 

intercrops in Uganda (1). Intercropping seemed to have little effect on coffee yield possibly because 

competition between coffee and banana for light, soil nutrients and water in the intercrop was low (1). 

In addition, coffee may have benefited from the shade provided by banana in the intercrop in line with 

findings by (20). In another study (18) coffee yield was not influenced by intercropping with macadamia 

under drip irrigation system. However, the same experiment observed that intercropping macadamia 

with coffee under rainfed conditions increased coffee production by 10%. Increased yields for perennial 

crops grown in association with shade trees can be partially attributed to suppression of weeds, reduction 

of evapotranspiration of the shaded crop, and reduction of soil erosion on slopes (1). Findings from this 

study however, showed that intercropping had a negative effect on coffee yield in agreement with 

literature reviewed by (6, 7, 21) and findings by other workers (13, 19). The negative effect of 

intercropping on coffee yield could be attributed to reduced photosynthetic active radiation (19), lower 

whole-tree carbon assimilation, greater stimulus of vegetative growth than flower buds, fewer branches, 

nodes and flowers at existing nodes (21, 28, 29). 

Although intercropping had a negative effect on yield, the financial analysis showed that a farmer will 

get higher income from intercropping bananas in coffee for the first three years of coffee in the field 

compared to mono-cropped coffee. Although coffee gives a major cash boom to the farmer, it comes 

only once a year under Zimbabwean climatic conditions. Banana on the other hand provides a perennial 

source of food and income for the smallholder farmer, thus ensuring food and nutrition security for the 

farmer (3). By moderating stress, banana shade minimizes the risk of overbearing dieback in coffee and 

helps the crop adapt to changing climatic conditions (3). In addition intercropping systems are less risky 

for farmers, since the chances of simultaneous crop failure or low prices for both crops are remote (1).  

Given that smallholder farmers in Zimbabwe are often resource-constrained, a banana-coffee intercrop 

can help the farmers optimize use of the scarce resources, hedge against coffee price volatilities and 

ensure perennial food, nutrition and income security. However, the volume of coffee produced declines 

with increased banana density hence the need to come up with optimum banana density for a balanced 

intercropping system.  

6. CONCLUSIONS 

Results from the experiment showed that intercropping banana with coffee appears to be more profitable 

than coffee mono-cropping during the first three years of coffee in the field. Intercropping improves the 

productivity and returns of the farming system. Considering other short and long term environmental, 

agronomic and economic benefits that come with intercropping and scarcity of land in the smallholder 

sector, intercropping appears to be a solid strategy for addressing the coffee speciality markets, ensure 

food and nutrition security, help mitigate impacts of climate change and alleviate poverty. 
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7. RECOMMENDATIONS 

To get a full understanding of the interactions in intercropping systems, there is need to conduct more 

extensive research on water, light, and nutrient competition in coffee–banana intercrop systems, 

including effects of intercropping on coffee quality. Research results from such studies would go a long 

way in helping to understand the critical elements that drive the coffee-banana intercropping system. 

This is important in the development of an economically viable coffee-banana intercropping 

recommendation domain. There is need to encourage farmers to intercrop bananas in coffee especially 

for the first three years of coffee in the field to optimize resource-use efficiency, spread risks and strike 

a balance between food and cash generation. 
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ABSTRACT 

The performance of common bean genotypes can be affected by environmental variability. This research 

was carried out to identify common bean genotypes with high yield adaptability and stability using 

different analysis methods across five rain-fed environments, in 2010–2011 and 2011– 2012 growing 

seasons. In addition, we intended to examine correlations among test environments. The experiments 

were laid out in a RCBD with three replications. Grain yield data were subjected to analysis of variance, 

of adaptability and stability, using the methodologies of Finlay and Wilkinson, Nin and Binns, Wricke’s 

ecovalence and AMMI. The BMS software was used for analysis. According to Lin and Binn’s index, 

G6 (MG38), G11 (Gloria) and G15 (VTTT925/9/1/2) combined dynamic stability with high mean 

performance across environments. MG38 and VTTT925/9/1/2 could be recommended for further 

evaluation under on-farm conditions. The environments, ‘’HRE-2011, KAD-2011 and SAVE-2011’’ and 

MAK-2011, MAK-2010 and KAD-2010’’ were highly correlated among themselves. 

Keywords: Stability, Adaptability, Phaseolus vulgaris L.,  

Abbreviations: RCBD: Randomised Complete Block Design, BMS: Breeding Management System. 

AMMI: Additive Main Effects, Multiplicative Interaction. 

INTRODUCTION 

Common bean (Phaseolus vulgaris L.), is an important source of food for more than 300 million people 

in Africa and Latin America (1). Its adoption as a principal source of proteins is increasing. The legume 

crop is cultivated in more than 113 countries worldwide (1). In Zimbabwe, common bean is an important 

crop of the farming systems. The crop contributes towards improving soil fertility because of its ability 

to fix nitrogen from the atmosphere. In addition, the crop generates income, provides improved nutrition 

and food security.   

Common bean production in Zimbabwe has been constrained by drought, poor soils, lack of seed of 

improved varieties, and diseases among other important limiting factors. Variability in genetic potential 

among common bean varieties cultivated in Zimbabwe is a major component of variation in yield. In 

addition, the cultivation of common bean in Zimbabwe occurs under diverse environmental conditions, 

with different planting dates (winter and summer) distributed over the year. As reported by Melo (2), 

the effect of genotype by environment interaction (GEI) in this situation is large. Genotype by 

environment interaction is encountered by plant breeders when they evaluate genotypes across diverse 

environments (3). This reduces progress in selection of quantitative traits such as grain yield in plant 

breeding programmes (4). The environmental factors which contribute to GEI were categorised as 

predictable and unpredictable (5). Breeding for specific adaptation can significantly reduce the 
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contribution of predictable environmental variations to GEI. The large GEI across environments and 

seasons are a result of the unpredictable environmental fluctuations (6). Therefore, plant breeders are 

interested in genotypes that consistently give high average yields across environments with minimum 

GIE. This is termed broad adaptation. 

As reported by (7), the concept of stability is often overlooked by plant breeders because they look for 

genotypes with good mean performance across a wide range of locations. However because of the 

frequent occurrence of GEI, this approach is not desirable. Therefore, the identification of high yielding 

and stable common bean genotypes through multi-environment yield trials (MEYTs) is a necessity. 

Multi-environment yield trials are conducted across many locations in the final selection cycles in plant 

improvement programmes (8). This breeding approach will allow for the identification of stable and 

highly adaptable genotypes which can be recommended for release.  Furthermore, there is currently 

inadequate information on the stability and adaptability of different common bean varieties across 

diverse environments in Zimbabwe. Therefore, the identification and cultivation of common bean 

genotypes with high adaptability and stability can reduce the effect of GEI (6, 9, 10). 

Many different methods have been used to conduct stability and adaptability analysis in crops, including 

common beans (2, 11, 12). The most used methods are based on the multivariate (Additive Main effects 

and Multiplicative Interaction - AMMI) analysis (13), non-parametric (Lin and Binns (14), and on the 

regression (Finlay and Wilkinson modified joint regression analysis (15)).  

The main objectives of the study were to: (i) determine yield stability for released varieties and 

promising bean genotypes using different approaches (ii) to identify genotypes that are widely adapted 

(stable) and specifically adapted  (with narrow adaptations), and (iii) to examine correlations among test 

environments. 

2.  MATERIALS AND METHODS 

2.1 Experimental site 

The study was conducted at 5 sites for two growing seasons (2010 and 2011) in Zimbabwe under rain 

fed conditions to make a total of 10 environments. The sites included Harare Research Station (HRS), 

Gwebi Variety Testing Center (GVTC), Kadoma Research Station (KAD), Save Valley Experiment 

Station (SAVE) and Makoholi Experiment Station (MAK). The evaluation sites were a representative 

of the agro-ecological zones in Zimbabwe as required by the Variety Release Committee. More details 

on the agro-ecological characteristics of the testing sites used are given in Table 1. 
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Table 1: Agro-ecological characteristics of five on-station sites of common bean yield trials conducted 

in 2010 and 2011. 

Code      Location    Soil Properties          Latitude       Longitude           Altitude (masl) 

E1  HRE           Clay               -18.11S          31E         1506                 

E2  GVTC         MG/SCL             -17.69S          30E            1449 

E3  KAD           MG/SCL       -18.32S          30E             1120 

E4  MAK              Sandy loam         -19.78S          32E             1053 

E5  SAVE       Clay                     -20.48S         33E    450 

Notes: HRE- Harare Research Station, GVTC – Gwebi Variety Testing Center, KAD – Kadoma 

Research Station, MAK – Makoholi Experiment Station, SAVE – Save Valley Experiment Station 

2.2 Plant material 

A total of fifteen common bean genotypes were evaluated over two seasons across locations (Table 2). 

The genotypes, which consisted of nine promising lines and six check varieties, were sourced from 

Progene Seeds Company, Pannar Seed Company and Crop Breeding Institute.  Gloria, PAN148, 

NUA45, Speckled ice, Iris and Cardinal are high yielding commercial varieties. For this reason, these 

six varieties were included as checks. The origin, codes and status of the genotypes used in this study 

are illustrated in Table 2.  
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Table 2: Names, source and status of common bean genotypes used in the study. 

Cultivars                Status   Name  Source 

G1   Check Variety  NUA45   Crop Breeding Institute 

G2   Check variety  Cardinalp  Progene Seeds 

G3   Breeding line  DARK146  Crop Breeding Institute 

G4   Breeding line  SEQ1001  Crop Breeding Institute 

G5   Check variety  IRIS   Crop Breeding Institute 

G6   Pre-release  MG38   Crop Breeding Institute 

G7       Breeding line  NATAL SUGAR Crop Breeding Institute 

G8   Breeding line  ARA4   Crop Breeding Institute 

G9    Breeding line  SEQ1013 Crop Breeding Institute 

G10   Check variety  PAN148 Pannar Seed Company 

G11   Check variety  GLORIA  Crop Breeding Institute 

G12   Breeding line  SEQ1040  Crop Breeding Institute 

G13   Check variety  SPECKLED ICEp   Progene seeds 

G14   Breeding line  VTTT925/2/4  Crop Breeding Institute 

G15   Pre-release  VTTT925/9/1/2 Crop Breeding Institute 

Notes 

:p: private seed company 

 2.3 Experimental design and procedure. 

The experimental layout was a randomised complete block design (RCBD) with three replications at 

each site under rain-fed conditions. Planting was done by hand in 6.8 m2 plots consisting of 5 rows of 3 

m long with spacing of 0.45 m apart across the two seasons. The seeding rate was 100kg/ha for all 

environments. Compound D (7:14:7) was applied at sowing at a rate of 300kg/ha. Weeding was done 

when necessary to minimise weed infestation. Ammonium nitrate (28% N) fertilizer application was 

80kg/ha before the flowering stage.  

2.4 Data collection. 

In each season, harvesting was done by hand in 3 m X 3 row plots. Grain yield data was taken from the 

three central rows in each plot and expressed on a hectare basis (t ha -1).   
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2.5 Statistical analysis. 

2.5.1 Analysis of Variance. 

To determine the effects of genotype, environment and GEI, grain yield data were subjected to analysis 

of variance (ANOVA) using the Breeding Management Systems (BMS) statistical analysis software 

version 3.0.2.0 (14). AMMI bi-plots were also generated using the BMS software. Each location in a 

given year was considered as an individual environment. 

2.5.2 Genotypic adaptability and stability. 

Common bean genotypes were ranked on the basis of yield and stability. This was done through the 

computation of Lin and Binns index (14), AMMI analysis (13), Finlay and Wilkinson modified joint 

regression analysis (15) and Wricke’s ecovalence stability coefficients (17). 

2.5.2.1 AMMI bi-plots. 

AMMI bi-plot combines additive components in a single model for the main effects of environments 

and genotypes, and multiplicative components for the interaction effect (4). Environments (or 

genotypes) with large negative or positive principal component (PC) scores have large interactions. The 

environments or genotypes with PC scores near zero have small interactions. Therefore stable genotypes 

have near zero PC zeros (located near the origin). 

2.5.2.2 Wricke’s ecovalence stability coefficient (Wi). 

This method was proposed by Wricke in 1962 and it is based on the concept of dynamic stability (17). 

The contribution of each genotype in all locations to the total sum of squares of the GEI is defined as 

the ecovalence. If agronomic stability is high, ecovalence is small. 

Wricke’s ecovalence (Wi) was computed using 

the following formula: 

Wi=Sj (Yij - Yi.-Y.j + Y..)2, where Wi = ecovalence value of genotype i, Sj= sum of j values in each 

genotype location, Yij = mean of genotype I in location j, Yi = mean of genotype i in all locations, Y.j= 

location average j, and Y..= overall average of all locations. 

2.5.2.3 Lin and Binns index (Cultivar superiority coefficient – Pi). 

The cultivar superiority coefficient (Pi) combines the performance superiority and stability of a genotype 

(14). It is the mean square of the distance between the yield response of a given genotype and the highest 

yielding genotype in an environment. With this index, the highest yielding genotype in an environment 

becomes the control to consider. 

The cultivar superiority coefficient was computed using the following equation:  

  

where Pi = stability and superiority of genotype i, Yij = average yield of genotype i in environment j, Mj 

= maximum yield in environment j, and a = number of environments (14).  
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2.5.2.4 Finlay and Wilkinson’s joint regression analysis (bi). 

In this method of analysis, regression coefficients are always associated and interpreted with the 

genotype mean (15). 

3 RESULTS  

3.1 Combined ANOVA and mean yield performance. 

The ANOVA at 5% significance level for grain yield at ten environments using the AMMI 

model showed that the effects of genotype and environment were highly significant (P < 0.001) 

(Table 3).  

Table 3: Combined ANOVA from AMMI analysis for grain yield (kg/ha) of fifteen common bean 

genotypes evaluated across ten environments over 2 growing seasons. 

 Source               D.F.         S.S.             M.S.           V.R. F pr              % Explained 

Genotypes          14         5164349        368882        4.26  <0.001 5.2  

Environments     9           84184788      9353865      107.98  <0.001 84 

Interactions        126       10914499      86623   10.9      

 IPCA 1              22         40623041      84650           3.49       <0.001 

 IPCA 2              20         2408538        120427         2.28  0.0049 

 Residuals          84          4443658   52901     

The genotypes, environments and genotype by environment interactions (GEI) accounted for 5.2%, 84% 

and 10.9% of the total sum of squares (SS) respectively (Table 3). These results revealed that the yielding 

ability of the common bean genotypes was significantly affected by the environment, followed by the 

GEI and genotype effects. This was consistent with findings by Yan (18) who concluded that 

environments account for most of the variation in multi-environment yield trials. Furthermore, the 

genotype and environment effects were highly significant (P<0.001), indicating the presence of 

variability among the environments and genotypes (Table 3). Regarding the mean yield of the common 

bean genotypes, G6 and G15 were the best performing followed by G1 and G11 (Table 4).  
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Table 4: Mean grain yield (kg/ha) of 15 common bean genotypes evaluated across 5 environments over 2 cropping seasons.

Geno GVTC-2010 GVTC-2011 HRE-2010 

HRE-

2011 

KAD-

2010 KAD-2011 MAK-2010 MAK-2011 SAVE-2010 

SAVE-

2011 Mean 

G1 1909 1850 2606 2163 562 2087 161 147 2150 1568 1520 

G10 808 2033 1753 1733 453 1810 340 533 1892 1191 1255 

G11 1400 2274 3018 2137 538 1707 143 503 1987 1850 1556 

G12 1823 1208 2604 1600 388 1843 199 207 1350 1636 1286 

G13 688 1724 3073 1731 625 1679 81 235 1612 1489 1294 

G14 1497 1683 3107 1637 585 1103 345 112 1856 1523 1345 

G15 1691 2285 3723 2249 634 1951 441 600 2301 1464 1734 

G2 1691 1990 2133 2141 577 2177 150 130 2058 1647 1469 

G3 1367 1920 2563 1347 570 1870 283 128 2074 1000 1312 

G4 626 1898 2514 1313 491 1853 249 113 2005 1170 1223 

G5 1367 1422 2554 1783 553 1780 400 194 2017 1540 1361 

G6 2149 2619 3390 2028 502 1910 477 515 2162 1544 1729 

G7 1026 1460 2286 1539 555 1167 138 112 1856 1588 1173 

G8 565 1324 1842 1995 799 1280 265 101 2281 1753 1221 

G9 458 1319 2385 1272 381 1748 200 247 1923 1029 1096 

Mean 1270 1801 2637 1778 548 1731 259 258 1968 1466 1372 
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The genotypes G9, G7, G4 and G8 were the least productive (Table 4). The environment mean yields 

ranged from 259kg/ha (MAK – 2011) to 2637 kg/ha (HRE – 2010) (Table 4). These results are similar 

to the findings by (19). In their study, the environmental mean yields ranged from 985kg/ha to 

4144kg/ha. Geographical differences between test locations (divergent conditions for the genotypes) 

resulted in a wide range of variation among the mean yields of the environments. MAK is a low potential 

location which receives low rainfall and experiences high temperatures. High temperatures cause flower 

buds to fall in common beans resulting in low yields.  

3.2 Stability and adaptability analysis. 

3.2.1 Finlay and Wilkinson modified joint regression analysis (bi). 

The average grain yield of 15 common bean genotypes across 10 environments varied from 1096kg/ha 

(G9) to 1734kg/ha (G15) as shown in Table 5. The genotypes formed four groups based on the sensitivity 

(regression coefficients) and mean grain yields (Table 5). 

Table 5: Finlay and Wilkinson modified joint regression analysis (bi)  

Genotype Sensitivity (bi) S.E. Mean 

G10 0.7553 0.1228 1255 

G8 0.8066 0.1228 1221 

G7 0.8862 0.1228 1173 

G9 0.9086 0.1228 1096 

G12 0.9172 0.1228 1286 

G5 0.9434 0.1228 1361 

G3 0.9902 0.1228 1312 

G2 1.0007 0.1228 1469 

G4 1.0008 0.1228 1223 

G14 1.0416 0.1228 1345 

G13 1.0876 0.1228 1294 

G1 1.0961 0.1228 1520 

G11 1.1292 0.1228 1556 

G6 1.1862 0.1228 1729 

G15 1.2454 0.1228 1734 

Average                                     1371
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Genotypes, G2 and G1 (red color) had regression coefficients approximating to 1.0 (average stability) 

(Table 5). These genotypes were also associated with high mean yields, suggesting that they were 

adapted to all environments (15). Therefore, these genotypes are suitable for growth in a wide range of 

environments (wide adaptation). The genotypes G4, G14, and G13 (blue color) were associated with 

low mean yields, in addition to regression coefficients approximating 1.0 (average stability) (Table 5). 

This indicates that these genotypes were poorly adapted to all environments (15).  Therefore, these 

genotypes were sensitive to unfavorable environments and not responsive to environmental 

improvement (18). The other group consisted of G11, G6 and G15, which all had regression coefficients 

above 1 (below average stability) (Table 5).  These genotypes were also very high yielding. This suggests 

that these genotypes were specifically adapted to high yielding environments and were responsive to 

environmental improvements (15). Furthermore, these high yielding genotypes could be used in 

hybridization with other varieties for improving grain yield. The last group of genotypes consisted of 

G10, G8, G7, G9, G5, G3 and G12 (green colour). All these genotypes had regression coefficients below 

1.0 (above average stability) (Table 5). This indicates that these genotypes were specifically adapted to 

unfavorable environments and resistant to environmental changes (15). 

 3.2.2 Cultivar superiority measure (Lin and Binn’s index).  

This method by Lin and Binn’s (14) constitutes a single measure of performance superiority and stability 

of common bean genotypes. From this analysis, the most stable genotype is the one with the least 

deviation from the maximum yield of each environment, i.e., lowest cultivar superiority value (Pi). The 

simultaneous selection of the genotypes for yield and stability performances in all the environments 

showed G6 as the most stable and adapted genotype, followed by G15 and G11 (Table 6). These three 

genotypes had the lowest and largest cultivar superiority (Pi) and grain yield values respectively (Table 

6). This suggests that G6, G11 and G15 combined dynamic stability with high mean performance across 

environments. In other words, these three genotypes were responsive to environmental improvement. 

Similar results on rice were obtained by Mozaffar (4). In their results, six genotypes were both high 

yielding and stable. The genotypes G1, G2, and G14, can be regarded as desirable because they had 

cultivar superiority values (Pi) smaller than the mean as well as grain yield values greater than the 

average (Table 6).  The results summarized in Table 6 indicate that the cultivar superiority measure (Pi) 

is more an indication of performance and not really an indication of stability. The most unstable 

genotypes were G8, G9 and G10 which were also low yielding (Table 6). 
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Table 6: Cultivar performance measure (Pi) of 15 genotypes for grain yield over two seasons. 

   Cultivar  

 Genotype    superiority (Pi) Means 

   G6  21988(1)  1729(2) 

   G15  27493(2)  1734(1) 

   G11  84885(3  1556(3) 

   G1  118689(4)  1520(4) 

   G2  181041(5)  1469(5) 

   G14  190673(6)  1345(7) 

   G5  209566(7)  1361(6) 

   G3  221907(8)  1312(8) 

   G13  239868(9)  1294(9) 

   G12  261520(10)  1286(10) 

   G4  310891(11)  1223(12) 

   G7  343467(12)  1173(14) 

   G10  358338(13)  1255(11) 

   G9  433438(14)  1096(15) 

   G8  444672(15)  1221(13) 

Overall mean              229895.7           1371 

Notes: Number in brackets under the mean and cultivar superiority columns indicate the rankings of the 

respective genotypes. 

3.2.3 Wricke’s ecovalence stability coefficient (Wi). 

The wricke ecovalence stability coefficient (Wi) was obtained by dividing the GEI into many 

components as the common bean genotypes were tested. Genotypes, G11, G1, G5, G3 and G7 are 

considered the most stable because they had lower ecovalence values (Table 7). This means that these 

genotypes contributed less to the observed GEI. In addition, these genotypes had mean yield rankings 

of 3, 4, 6, 8 and 14 respectively (Table 7). Static stability alone does not imply superior performance. 

Therefore, genotypes G7 and G3 will not be considered for further evaluation in the breeding program 

because they had mean yields that were lower than the grand mean (Table 7). This indicates that these 

two genotypes (G7 and G3) exhibited static stability, suggesting that they consistently attained low 

yields across environments as shown in Table 4.  

The genotypes that ranked 1st (G15) and 2nd (G6) in grain yield were not stable (large ecovalence values). 

These results were consistent with findings by Sharma (20) who stated that high yielding genotypes are 
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not always stable across environments. However, these genotypes can be recommended for narrow 

adaptation to HRS and GVTC (high yielding environments). The genotype, G11 which was ranked 3rd 

(medium yield performance) in grain yield, was also ranked 3rd in Wricke’s ecovalence (Table 7). 

Therefore, this genotype combined high yielding ability with stability. Genotypes, G8, G10 and G12 

produced the largest contribution to the observed GEI (largest ecovalence values) as shown in Table 7. 

Table 7: Wricke’ ecovalence (Wi) ranking of 15 genotypes for grain yield over two seasons. 

 Wricke's  

Genotype Ecovalence (%)      Means 

G5 1.77 1361(6) 

G7 3.13 1173(14) 

G11 3.64 1556(3) 

G3 4.08 1312(8) 

G1 4.85 1520(4) 

G4 5.18 1223(12) 

G13 5.91 1294(9) 

G9 6.22 1096(15) 

G14 6.77 1345(7) 

G2 7.06 1469(5) 

G15 7.48 1734(1) 

G6 8.98 1729(2) 

G12 9.81 1286(10) 

G10 10.03 1255(11) 

G8 15.09 1221(13) 

Average                  6.67                                         1372 

Notes: Number in brackets under the mean column indicate the yield rankings of the respective 

genotypes. 

Therefore, the most unstable genotypes were G10, G8, and G12 (Table 7). This could be an indication 

of specific adaptation exhibited by these genotypes. For example, the genotype, G12 was specifically 

adapted to environment “GVTC- 2010”.  

3.2.4 AMMI analysis. 

The first two principal components (PC1 and PC2) of the AMMI model explained a low proportion of 

the observed variation (59.29%). Similar results were reported in other studies on common bean (2, 20, 

11, 22). Borges (11) reported that percentages below 70 are insufficient to explain the effects of the 

interaction with the first components, therefore conclusions from them are not reliable. However, Gauch 

(13) argue that the first AMMI components (axes) capture a higher percentage of the actual performance. 

He further explained that, the addition of more subsequent axes results in an increase in inaccurate 

information (“noise’’). Therefore, Gauch’s explanation suggests that information would be of better 

quality and reliable if a few axes (components) are selected, even if they explain only a small proportion 

of the variation.   
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The most stable genotypes were also identified by AMMI. The lower the PC value, the lower the 

contribution of a genotype to the interaction (19). Consequently, such genotypes are more stable. The 

most stable genotypes were G3, G5, G7 and G11 (Figure 1). These genotypes were close to the biplot 

origin (Figure 1). Genotypes G3 and G7 were very stable because they consistently attained low mean 

yields that were below the grand mean across the testing sites (Table 4). Genotype G11 combined both 

stability and adaptability. The genotypes, G8 and G10 were the least stable and adapted (Figure 1). This 

indicates poor adaptation since both of them are exotic lines, introduced from Malawi. 

3.2.4.1 Relationships between genotypes and environments. 

The nature of the interaction between the genotype and the environment was determined by the angle 

between the genotype and environmental vectors. The interaction was negative for obtuse angles, 

positive for acute angles and negligible for right angles. Correlation between two environments is 

estimated by the angle formed by vectors of two environments. In this regard, the environments, ‘’HRE-

2011, KAD-2011 and SAVE-2011’’ and MAK-2011, MAK-2010 and KAD-2010’’ were highly 

correlated among themselves (Figure 1). 

  

Figure 1: AMMI bi-plot 

This suggests that these environments were similar in their discrimination of the genotypes as well as 

highly correlated. The high positive correlation could also be a result of similar weather conditions 

(precipitation) experienced by these environments across the two seasons of evaluation. Contrary to this, 

the environments HRE-2010 and GVTC-2010 were negatively correlated and associated with negative 

PC1 values (Figure 1). 
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 These two environments explained the variability of the data in terms of PC2 (Figure 1). The 

identification of genotypes adapted to certain environments was done through orthogonal projections of 

genotypes on environmental vectors. Genotype G15 was better adapted to environments HRE-2010 

(high positive interaction), and GVTC-2011 (Figure 1). At the same time, G12 and G1 were better 

adapted to GVTC-2010 (high positive interaction). The high positive interactions exhibited by G15, G12 

and G1 suggest a greater specific adaptation than other genotypes at those particular environments (21). 

The genotype, G2 was better adapted to environments HRE-2011 and SAVE-2011 (Figure 1). 

4. CONCLUSIONS AND RECOMMENDATIONS 

The analysis of adaptability and stability processed by AMMI and Wricke’s ecovalence stability 

coefficient methodologies identified genotypes, G11, G3, G5 and G7 as the most stable. However, G7 

and G3 will not be considered for further evaluation in the breeding programme (low mean yields). 

Genotypes G8, G12 and G10 were identified as the most unstable by Lin and Binns index, AMMI and 

Wricke’s ecovalence methodologies. The Finlay and Wilkison analysis indicated that these genotypes 

were specifically adapted to low yielding environments. According to Lin and Binn’s index, G6 (MG38), 

G11 (Gloria) and G15 (VTTT925/9/1/2) combined dynamic stability with high mean performance 

across environments. The Finlay and Wilkinson analysis indicated that G11, G6 and G15 were 

specifically adapted to high yielding environments. G6 and G15 can be recommended for further 

evaluation under on-farm conditions.  The genotypes G3 and G4 will be discarded because they were 

poorly adapted to all environments. G1 (NUA45) and G2 (CARDINAL) were classified as genotypes 

adapted to all environments in the Finlay and Wilkinson analysis. Lin and Binns index classified these 

two genotypes as desirable. The environments, ‘’HRE-2011, KAD-2011 and SAVE-2011’’ and MAK-

2011, MAK-2010 and KAD-2010’’ were highly correlated among themselves 
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40.  Effect of Different Nitrogen Levels on protein content of Upland Rice and 

influence of Grain moisture Content on Milling Recovery under Lowveld 

Conditions of Zimbabwe 
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ABSTRACT 

Rice protein is one of the most nutritious components among cereals. A trial evaluating grain quality at 

different nitrogen levels was conducted in the Lowveld of Zimbabwe under irrigation. Effect of grain 

moisture content on de-husking quality was also assessed. Split plot design was used, variety as main-

plot factor and nitrogen (N) fertilizer application rate as sub-plot factor (0 kgN/ha; 50 kgN/ha; 100 

kgN/ha and 150 kgN/ha). Mhara1(M1) and Mhara2 (M2) are upland rice varieties. Five-grain moisture 

levels (12%; 14%; 16%; 18% and 20%) were considered during de-husking. Results showed that applied 

nitrogen significantly (p<0.05) increased crude protein (CP), total Nitrogen (TN) and grain yield.  M1 

had significantly higher CP compared to M2 at any applied nitrogen level. M1 had a higher rate of 

increase of (CP) and (TN). De-husking at 14% moisture gave best results for both varieties, attaining 

86% full-grain. Moisture content above 18% increased breakages when de-husking. 

Keywords: protein, de-husking, upland, rice and nitrogen 

1.1 INTRODUCTION 

Rice (Oryza sativa) is the staple food in the diet for many people in the world especially in Asia 

providing 35-60% of the calories consumed (1). It runs a close second to wheat in its importance as a 

food cereal in the human diet and about 670 Million Metric Tons (MMT) of rice is grown annually 

compared to 680 MMT for wheat, 440 MMT for oil seeds, and 1090 MMT for coarse grains (2).  It feeds 

more than half of the world population and therefore plays an important role in food security and poverty 

alleviation in the world (3). Rice protein is vital to more than half the world’s population. It is the most 

important food grain in the diets of hundreds of millions of Asians, Africans, and Latin Americans living 

in the tropics and subtropics. In these areas, the rate of increase in population is higher than that of the 

increase in food productivity (4). Agricultural Scientists estimated that by the year 2020 rice production 

should reach 760 million tons in order to keep pace with the growing population. However, most of the 

countries where rice is grown have limited land resources forcing increases in productivity rather than 

in land size. There are only a few specific varieties of paddy and upland rice that can be grown in 

Zimbabwe and little has been documented concerning the local agronomic and value chain structure of 

the crop. Generally, most Zimbabwean rice is not of good quality and its production is mainly for 

subsistence purposes. Loss in grain yield occurs during de-husking process at either high or very low 

moisture content. The seed breaks and smaller particles are lost in the process. The broken rice does not 

have an appetizing appeal when cooked. 

 The domestic rice production in Zimbabwe is marginal, ranging from anything between 600 tons and 

700 tons (5). However, Kapuya et al., (6) recorded that rice production in the 2009/2010 season was 

estimated at 778 tons, down from a 2008/2009 estimate of 3,046 tons. From September 2008 to August 

2009, the Ministry of Agriculture Mechanization and Irrigation Development (MoAMID) indicated that 
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rice imports amounted to a total of 146,738 tons. This implies that domestic rice grain supply only 

accounts for 0.4% of total rice consumed within Zimbabwe. Hence, production of rice has to be high to 

reduce the cost of imports and improve food security as specified in the Zimbabwe Agenda for 

Sustainable Socio-Economic Transformation (ZimAsset).   

Rice quality is an important consideration in the production of the crop, and much research has shown 

that rice quality is controlled by genetic factors as well as light, temperature and management of water 

and nitrogen (7), (8) and (9). More than 75% of the world’s rice is produced in irrigated rice fields, 

which are predominantly found in Asia. The judicious use of fertilizers contributes a lot towards 

improving the yield and quality of grain (10). Therefore high grain yield of rice can be achieved only 

through a proper combination of variety, agronomic practices, environment and optimum moisture for 

de-husking. Protein content is profoundly affected by the conditions under which rice is grown. 

Cropping season (primarily the effect of differing solar radiation and temperature during grain 

development), management and cultural practices (plant density, rate and time of nitrogen fertilization, 

water management, and weed control) employed are largely responsible for variations in the level of 

protein content (11). Large variations are also seen among hills within a plot, among panicles within a 

hill and among grains within a panicle, as well as among determinations of the same sample (12). 

Protein and amylose are the two of the most important determinants of grain quality in rice (13) and 

(14). Amylose a component of starch greatly influences eating quality, with intermediate amylose 

content and soft gel consistency as more desirable grain characteristics. International Rice Research 

Institute (IRRI) breeding programs have for a long time been geared towards improving amylose and 

protein content in rice because they are important grain quality parameters. Protein content tends to be 

low when there is high solar radiation during grain development (14). Temperature during grain ripening 

was also reported to affect protein content, but the effect seemed to vary with the variety type (12). 

The objectives of the study were to determine the effect of different nitrogen fertilizer application rates 

on crude protein and total nitrogen in rice grain of two rice varieties (Mhara 1 and Mhara and to 

determine the varietal effect on milling recovery at different seed moisture contents.  

 1.2 MATERIALS AND METHODS:  

1.2.1 Sites 

The experiments were conducted at Chiredzi Research Station, Chisumbanje and Save Valley 

Experiment Stations on different soil types namely paragneis (Sandy clay), vertisol (Heavy clay) and 

alluvial (Sandy clay) respectively in the South East Lowveld of Zimbabwe. The mean annual rainfall is 

500mm with a seasonal range of 250-1000mm. The Natural Regions are a classification of the 

agricultural potential of the country from Natural Region 1, which represents the high altitude wet areas 

to Natural Region V, which receives low and erratic rainfall averaging 500mm per annum.  

1.2.2 Experimental procedures and treatments 

The trial was set up as a split plot design with two varieties as the main plot and nitrogen levels as sub-

plot factors. Varieties were Mhara 1 and Mhara 2. Fertility levels were 0 kg/ha N (control); 50 kg/ha N; 

100 kg/ha N and 150 kg/ha N. Each treatment factor was replicated three times. Variety main plots were 

15.9m long by 3m wide. Gross fertility sub-plots were 3.6m long by 3m wide.  
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Soil samples were taken before land preparation and analyzed. Samples taken were put in Vikings paper 

pockets, air dried and sieved and sent to Zimbabwe Sugar Association Experiment Station (ZSAES) for 

analysis. Soil texture was determined by the finger texturing method. Organic matter content was 

determined using the sulphuric acid-potassium dichromate method. Soil pH was done with 1:5 

Suspensions (soil: CaCl2). Clay, sand and silt were determined using the sedimentation method by soil 

hydrometer. Mineral nitrogen was done using 0.01m KCL extract done by titrimetry. Phosphate analysis 

was done using the Resin extract on UV-Vis spectroscopy. Potash, calcium, magnesium and sodium 

were done by Atomic Absorption Spectroscopy (15). The land was ploughed using a tractor drawn disc 

plough and disced to fine tilth. Two varieties (Mhara 1 and Mhara 2) were used in this experiment. 

Single Super phosphate at 80kg/ha P205 and Muriate of potash at 50kg/ha K20 was applied uniformly to 

all plots as basal application. Rice was harvested at 25% moisture content and samples were sent to 

International Crops Research Institute for the Semi Arid Tropics (ICRISAT) for crude protein and total 

nitrogen analysis and de-husking using a rice de-husker. A moisture meter was used from time to time 

to determine the moisture content of grain as the grain reduced its moisture from 25% to require levels. 

1.2.3 Crop establishment, Measurements and management 

Planting rows 25cm apart were marked by hand hoes. Seeding rate was 100 kg/ha. Plant heights at 

harvest, number of bearing panicles per square meter, days to flowering and grain yield per hectare were 

determined. A net plot of 7.75m2 was used for determination of grain yield. Grain yields were adjusted 

to 14% moisture content recommended by Grain Marketing Board. 

1.2.4 Statistical analysis 

The data was subjected to the analysis of variance procedure as a split plot design with variety as main 

plot and nitrogen levels as sub-plots using GenStat Discovery Edition a statistical package. MSTAT-C 

(Michigan State University) statistical package was used to separate the means at p<0.05. 

1.3 RESULTS  

1.3.1 Plant heights at harvest: 

Plant height was significantly increased (p<0.05) by nitrogen application (Table1) when nitrogen was 

increased from zero to 50 kg/ha at all sites and for both varieties. However, when nitrogen application 

increased from 50 kg/ha to 150 kg N/ha no significant differences were found except at Chisumbanje.  

1.3.2 Number of bearing panicles per m2: 

There were no significant differences on number of bearing panicles per square meter at Chiredzi (Table 

1). At Chisumbanje Mhara 2 at 150kgN/ha had significant (p<0.05) higher numbers of bearing panicles 

as compared to low fertility levels of Mhara 1 (zero and 50kg/ha).  

Table 1: Response of two varieties of rice to different fertility levels on plant height, bearing panicles, 

days to flowering and maturity under Lowveld conditions on three different soil types. 
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Treatment Plant ht. at harvest (cm) No. of bearing 

panicles/m2 

Days to flowering Days to maturity 

 Chiredzi Chisumbanje Save Valley Chiredzi Chisumbanje Chiredzi Chisumbanje Save 

Valley 

Chiredzi Chisumbanje Save 

Valley 

Mhara 1 

0Nkg/ha 

 

50Nkg/ha 

 

100kg/ha 

 

150kg/ha 

Mhara 2 

0kg/ha 

 

50kg/ha 

 

100kg/ha 

 

150kg/ha 

 

 

95c 

 

111ab 

 

112ab 

 

120a 

 

103bc 

 

112ab 

 

115a 

 

115a 

 

84b 

 

94a 

 

99a 

 

95a 

 

75bc 

 

74c 

 

77bc 

 

84b 

 

63cd 

 

79ab 

 

74abc 

 

81a 

 

57d 

 

66bcd 

 

68abcd 

 

65bcd 

 

156a 

 

183a 

 

185a 

 

170a 

 

177a 

 

195a 

 

179a 

 

216a 

 

143b 

 

143b 

 

174ab 

 

183ab 

 

177ab 

 

192ab 

 

189ab 

 

215a 

 

88.3b 

 

92.3a 

 

89ab 

 

92.3a 

 

88.7ab 

 

91.3ab 

 

90.7ab 

 

90.3ab 

 

79b 

 

81ab 

 

82a 

 

83a 

 

76c 

 

81ab 

 

81ab 

 

81ab 

 

79ab 

 

80ab 

 

81ab 

 

82a 

 

77b 

 

80ab 

 

81ab 

 

80ab 

 

109c 

 

110ab 

 

110ab 

 

111a 

 

109bc 

 

109c 

 

110bc 

 

110bc 

 

91d 

 

98ab 

 

97abc 

 

99a 

 

88d 

 

95c 

 

96bc 

 

99a 

 

105a 

 

110a 

 

108a 

 

111a 

 

108a 

 

105a 

 

106a 

 

109a 

Means 110.4 85.5 69.1 182.5 177.0 90.5 80.38 80.1 109.9 95.5 107.6 

LSD 13.42 9.49 11.85 75.53 65.61 4.07 2.059 3.3 1.638 2.99 13.28 

SE 3.55 3.24 5.19 24.9 22.43 1.34 0.704 1.28 0.43 1.02 1.94 

CV% 6.945 6.57 13.02 23.64 21.95 2.57 1.52 2.76 0.68 1.85 3.13 

Table 2
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1.3.3 Days to flowering and maturity: 

There were significant differences (p<0.05) between treatments on number of days to flowering and 

maturity. Mhara1 at zero kgN/ha took significant shorter days to flower at Chiredzi and Chisumbanje 

compared to other rates within the same variety. Mhara 2 at Chisumbanje also took significantly shorter 

days to flower. At Chiredzi Mhara 2 did not show significant differences among the fertility levels. 

However, at Chisumbanje zero kgN/ha took significant short days to mature compared to the other 

levels. At Save Valley there were no significant differences between varieties and among fertility levels 

on days to maturity. 

1.3.4 Percent Total nitrogen 

There were significant differences (p<0.05) in total nitrogen content in the seed (Fig 1). Mhara 1 

responded more than Mhara 2 to applied nitrogen in terms of Total Nitrogen content in seed. At 150kg/ha 

applied nitrogen Mhara 1 variety showed significantly higher (P<0.05) total nitrogen content in the grain 

compared to Mhara 2.  

 

Fig. 1:  Effect of applied nitrogen on percent total nitrogen in seed. 

1.3.4 Effect of moisture level on milling recovery (full grain) 

Results showed significant differences (p<0.05) in effects of moisture contents in grain recovery. De-

husking at 14 percent moisture content was the best giving an average of 86 percent full grain. De-

husking at 12 and 18 percent gave almost the same results of 82% and 80% respectively with no 

significant differences. De-husking at 20 percent moisture content gave significantly high breakages of 

rice grain (p=0.01) with 29% full grain. The other moisture content levels had no significant differences 

between varieties and among nitrogen levels.   
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Fig. 2 Effects of grain moisture content on de-husking two rice varieties. 

1.3.5 Effect of nitrogen on crude protein on two rice varieties  

 

Fig. 3 Effect of nitrogen on percent crude protein of two rice varieties 
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1.3.5 Effect of nitrogen on crude protein on two rice varieties  

Fig. 3 shows that crude protein content increased significantly as the amount of nitrogen was increased 

from zero N applied (15 kgN/ha residual) to 50kgN/ha. Mhara 1 had significantly higher crude protein 

compared to Mhara 2 at all nitrogen fertilizer application rates. In the control, crude protein in both rice 

varieties was about 6%. Mhara 1 had a higher rate of return of crude protein per given nitrogen level 

and showed an increase of 1.2% crude protein from control to 150kgN/ha whilst Mhara 2 showed an 

increase of 0.9% crude protein.  

Effect of nitrogen on breakages when de-husking rice  

There were no significant differences on the percent full grain across all nitrogen levels although, the 

percent full grain increased as the nitrogen increased (Fig. 4).   

 

Fig. 4: Varietal effect on de-husked grain (full grain) at 14% moisture content with different nitrogen 

application levels. 

1.3.6 Grain Yield:  

 At Chiredzi there were significant yield differences among nitrogen levels (Table 2) with Mhara 1 at 

150 kg/ha N showing significant differences to Mhara 2 at no nitrogen application. At Chisumbanje 

there were significant differences (p<0.05) with Mhara 1 out yielding Mhara 2 at the same rate of 100 

kgN/ha and Mhara 1 at 100 kgN/ha significantly out yielded Mhara 2 at 50 kgN/ha. At Save Valley 

Mhara 1 at zero nitrogen had significantly lower yields compared to 50 kgN/ha of both varieties and 

Mhara 2 at 150 kg/haN. However percent yield increase ranged from 6 to 23% at Chisumbanje, 48 to 

57% at Chiredzi and 7 to 78% at Save Valley. 
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Table 2: Response of two varieties of rice to different fertility levels under South East Lowveld 

conditions on three different soil types. 

Treatment Grain yield kg/ha 

Chiredzi Chisumbanje Save Valley 

Mhara 1  

0Nkg/ha 

 

50Nkg/ha 

 

100kg/ha 

 

150kg/ha 

Mhara 2 

0kg/ha 

 

50kg/ha 

 

100kg/ha 

 

150kg/ha 

 

 

2288.4ab 

 

2382.3ab 

 

2565.0ab 

 

3395.2a 

 

1737.9b 

 

2400.0ab 

 

2449.0ab 

 

2730.6ab 

 

1050ab 

 

1160ab 

 

1285.9a 

 

1090ab 

 

943.5ab 

 

901.8b 

 

862.1b 

 

1002.4ab 

 

489b 

 

1175a 

 

743ab 

 

869.8ab 

 

980.6ab 

 

1045a 

 

984ab 

 

1052a 

Means 2493.6 1037.04 917.3 

LSD 1253.1 348.9 546.8 

SE 413.1 119.25 186.9 

CV% 28.7 19.9 35.29 

1.4 DISCUSSION 

More numbers of panicles /m2 at Chiredzi might be due to the more availability of nitrogen that played 

a vital role in cell division. According to Ebrahim (2013) (16), as the amount of nitrogen absorbed by 

the crop increased, there was also an increase in the number of bearing panicles per square meter. This 

was due to nitrogen supply which increased the panicle numbers (17). When nitrogen application was 

increased from 50 kgN/ha to 150 kgN/ha, no significant plant height differences were observed (17). 

The increase in plant height in response to application of N fertilizers from 0-50 kg/ha is probably due 

to enhanced availability of nitrogen which enhanced more leaf area resulting in higher photo-assimilates 

and thereby resulted in more dry matter accumulation. These results are supported by the findings of 

Mandal et al.(1992) (18). Rupp and Hubner (1995) (19) also reported increased level of leaf N with 

applied N.   

The total nitrogen in grain increased significantly with increases in nitrogen applied giving a better 

quality grain with higher nutritive value. When the amount of nitrogen applied increased, the crude 

protein content also increased significantly (20). Nitrogen did not show significant effect on breakage 

of rice grain. However with increasing N fertilizer to 150 kg/ha, the protein content was elevated and 

the grain breakage was reduced. Dilday (1987) (21) found that the greatest percentage of broken kernels 
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and the lowest head rice yields occurred when no nitrogen fertilizer was applied. Hao et al. (2007) (22) 

reported that grain protein content increases with nitrogen input fertilizer application. Rice protein, when 

compared to that of other grains, is considered one of the highest quality proteins. It has no fat, no 

cholesterol and no sodium. This along with being non-allergenic and gluten free makes rice well suitable 

for persons with special dietary needs (23). Because rice is very low in fat, and contains no cholesterol, 

it is an excellent food to include in all types of diets for better human health. 

A very high moisture content of 20%, affected milling recovery because the grain was soft and easily 

broken. This gives a very high breakage rate and loss to the farmer. The best moisture content was 14%, 

which gave 86% whole grains on average for the two varieties. High milling recovery is generally 

associated with hardness and an absence of chalky spots in the endosperm and not nitrogen (24). 

However, high protein stored in the seed endosperm cells in the region of breakage, causes the resilience 

of grain and reduces the rice grain cracking during milling processes. As a result, increased grain protein 

content increases its hardness and thus increases the milling recovery (25).  Mhara 2 did not break much 

compared to Mhara 1 at 14% moisture content.  

Nitrogen stress hastened flowering and maturity in both varieties in Chiredzi and Chisumbanje. There 

were no significant yield differences with increases in applied nitrogen at Chiredzi except for Mhara 2 

without applied nitrogen and Hara 1 with 150 kg/ha N. This can be explained by the nutrient theory 

which states that both large, medium, and trace elements are equally important and indispensable 

(equally important irreplaceable law). Therefore if one essential element is most limiting no matter how 

much nitrogen is applied yield will be determined by that limiting element (25).     On the other hand 

grain weight is a genetically controlled trait, which is also greatly influenced by environment during the 

process of grain filling (26). Application of nitrogen to rice increased grain yield up to 78 percent. Less 

response to nitrogen application was at Chisumbanje because the soils have high inherent fertility. Soils 

at Save Valley have poor inherent fertility causing grain yield to be very low when no nitrogen is applied. 

However the response to nitrogen was highest at Save Valley. Therefore application of nitrogen increases 

productivity and enhances food security in societies. 

1.5 CONCLUSIONS 

Applied Nitrogen is very important when growing rice because it increases total nitrogen and crude 

protein in rice seed and ultimately grain yield. Mhara 1 responded to applied nitrogen more than Mhara 

2 for both crude protein and total nitrogen. It is very important to observe the moisture content of rice 

before de-husking to reduce the amount of losses through breakages as this adds value to the product as 

indicated in the ZimAsset.  

Nutrition is an input to and foundation for health and development.  Interaction of infection and 

malnutrition is well-documented especially in Human Immuno Virus (HIV) and Acquired 

Immunodeficiency Syndrome (AIDS) stricken societies. Better nutrition means stronger immune 

system, less illness and better health. Healthy children learn better. Healthy people are stronger, more 

productive and more able to create opportunities to gradually break the cycle of both poverty and hunger 

in a sustainable way. Better nutrition is a prime entry point to ending poverty and a milestone to 

achieving better quality of life. Our healthy is important because it affects everything we do and even 

how we behave. No wonder healthy and nutrition has become such a major concern in recent decades. 
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 1.6 RECOMMENDATION 

Farmers must apply nitrogen to rice to improve the quality of grain by increasing total nitrogen and 

crude protein in the seed (8). Rice grain must be dried to 14% moisture content when de-husking to 

reduce breakages when processing.  
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ABSTRACT 

A greenhouse experiment to investigate the most appropriate cultural technique to improve yields of cut 

flower roses was done at the Horticultural Research Centre, Marondera, Zimbabwe.  Rose cultivar, 

Coppillia was exposed to four different bending intensities, which were (i) bending only the weak stems 

to the ground, (ii) bending whole plants at zero degree (0o) angle to the ground, (iii) bending whole 

plants at forty five degrees (45o) angle to the ground and (iv) pinching only to break bud dormancy 

(check).  Total number of stems, total marketable stems, plant height (cm), stem diameter (mm), number 

of flowers per bush, inflorescence diameter and bloom quality were assessed at ten weeks after effecting 

the four different cultural methods. The results showed that bending of  weak and thin stems only (light 

to moderate bending) gave a significantly (p<0.05) higher  number of total number of stems (rose 

yield/plant). The total number of stems ranged from 17 for plants bent at 45o to the ground to 32 stems 

for plants bent lightly and moderately. The bending of weak and thin stems only is recommended to 

improve yields and quality of cut flower roses. 

Keywords: bending intensity, Rosa hybrida, stem number, height, diameter, bloom quality 

1.0 INTRODUCTION 

Rose cut flower is one of the world’s most favourite and important horticultural commodity. Yield and 

quality of cut flower roses depend on type and location of greenhouse, cultivar, nutrient management 

system, irrigation, plant density and training system (1). Cut flower roses are grown in greenhouses, in 

which most environmental factors are controlled (temperature, carbon dioxide, supply of water and 

nutrients, relative humidity and light) (2). However, the growth, development and quality of roses are 

greatly influenced by nutrient (3) and general management which involve greenhouse climate control, 

harvesting time, cutting height, pruning and bending (2). Flower development was also dependent on 

nutrient supply; this affected the balance of phytohormones and the source-sink relationships through 

the transport of photoassimilates (1). 

While cultivars can be improved further, the gap between genetic potential and actual yield can be 

reduced through improved cultural practices. The bending or arching technique is an advanced method 

in cut rose cultivation developed in late 1980’s in Japan. In this system bending of non-productive shoots 

down into the canopy or towards the aisle resulted in a canopy of horizontal bent shoots in addition to 

upright shoots (4; 5). Bending is a factor which affects productivity of roses because it affects vegetative 

growth and dry matter partitioning (1). It is also essential to force the plant into artificial rest or dormant 

period before flowering. The rose plant is essentially pruned to induce artificial dormancy. Shoot 

bending, de-shooting, de-budding and pruning are currently practised for controlling whole plant 

development and promoting the quality of flower stems (6, 7, 8). Bending and pruning seemed to affect 
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both morphological as well as yield parameters in rose production (9). Bending reduces vegetative sink 

strength, thereby favouring the partitioning of biomass to flowers. On the other hand mistiming of 

bending and over-bending reduces the Leaf Area Index (LAI) and thus the amount of light intercepted, 

which negatively affects biomass production.  

In a bent canopy the new shoots can be much stronger because they have the carbohydrate supply of the 

bent shoot providing energy for growth. Bending allowed easy harvest and reduced the sizes of rose 

plants (9). The bent stems supplied photosynthates to shoots that developed from the basal buds. Many 

of these new shoots were high quality and longer and could be harvested and sold as cut-flowers. Many 

growers do not harvest these stems either, instead choosing to bend these as well, so as to “build the 

plant” (1). Unharvested shoots are bent downward to provide axillary buds for the next cycle of flowers. 

Once the plant was in full production, the upper canopy contained only stems that produced flowers, 

which took 45 to 52 days to develop. 

The bending of non-productive shoots (short stem, small stem calliper, potential blinds) down into the 

canopy or towards the aisle is recommended as a standard method in cut-flower rose production (10, 

11). Bending is generally done continually over the entire growing season. While in traditional 

production, a tall hedgerow canopy assures ample foliage area to capture light, with shoot-bending, it is 

theoretically possible to maintain a lower canopy height without sacrificing foliage area. Low canopy 

height also facilitates light interception by basal shoots.  The basal shoots are usually vigorous and 

important source of flower production (7). 

There are several reasons for the low yield in cut rose production, however the main reason is lack of 

attention to level and intensity of pruning and bending (canopy architecture) related to maximizing yield 

(5). The extent of pruning or bending depends on agronomic management, climate and cultivars. A rose 

plant is pruned at 45-60 cm from the ground level. Light to moderate pruning increase flower yield 

whereas heavy pruning reduce both (12). Nevertheless, (13) reported that light to medium pruning 

produced better flower quality and yield than heavy pruning.  

Studies on the performance of roses under different bending intensities may help improve rose 

performance by determining the optimum bending intensity to improve on light interception and 

consequently, obtain higher yields and better quality flowers. Proper knowledge of agronomic practices 

will thus be helpful to improve the existing crop production packages available to farmers. 

1.1. OBJECTIVES 

The overall objective was to evaluate the physiological growth characteristics and yield of a rose cultivar 

Coppillia under four different bending intensities.   

2.0 METHODS 

2.1 Study site 

The research was done at Horticulture Research Centre, Marondera in Zimbabwe (18o11'S and 31o28'E, 

altitude 1630 meters above sea level), which is in Agro-ecological Region IIa (14; 15). Horticulture 

Research Centre has an average day-length of 13.2 hours in summer and 11.1 hours in winter. The mean 

annual rainfall is approximately 873 mm, but this is subject to wide fluctuations and in the last 30 years 

has varied between 430 mm and 1320 mm. Slightly more than two thirds of the total rainfall normally 
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falls during the months December, January and February. Mean minimum temperature ranges from 19.5 
oC (July) to 24.6 oC (January). The hottest months extends from September and December with October 

being the hottest month of the year with maximum temperatures of above 30 oC (15). 

2.2 Experimental design 

The cultivar Coppilia, sourced from New Blooms nurseries in Harare was used in the study. The 

experiment was done in a greenhouse (21 m x 7 m x 4 m) for three seasons, from August 2012 to 

February 2014 and was laid out in a Randomized Complete Block Design (RCBD) with four 

replications. The four cultural techniques tested were pinching only (control), bending whole bush at 0 

degrees angle to the ground, bending the whole bush at 45 degrees angle to the ground and bending 

weak and thin stems that were less than 5 mm only at 0 degrees angle to the ground.  The gross plot had 

a total of ten plants and a net plot of four plants was considered. The rose plants were spaced at 0.7 m x 

0.3 m apart. 

2.3 Management and data collection 

Rose plants were allowed to grow for 6 months after budding and transplanting. Pinching was done to 

all plants by removing 3 to 5 cm of all the shoots using secateurs. Bending of plants was done randomly 

as per the requirement of the different cultural treatments using bailing twine and small wooden sticks 

to press the plants to the required angle of bending.  

Counts were taken on the total number of stems, number of marketable and unmarketable stems from 6 

weeks up to 10 weeks after pinching and bending. The length of stems (cm) was measured using a meter 

rule while stem and inflorescence diameters (cm) were measured using a vernier callipers. Bloom quality 

of the flower heads was determined using a score from 1 to 9: score 1- poor, 3 - fair, 5 - standard, 7- 

very good and 9 - excellent flower quality. 

Basal fertilizers used were; Compound J (N: P2O5: K2O) (15:5:20) at 1000 kg/ha, Single Super phos-

phate at 900 kg/ha and Potassium Sulphate at 100kg/ha at planting. After the plants established, fertiga-

tion was done daily at the rates AN (Ammonium nitrate) 147g/m3, KANO3 (Potassium nitrate) 108 g/m3, 

MAP  (Mono ammonium phosphate) 45 g/m3, SOP (Potassium sulphate) 54 g/m3, Calcium nitrate 270 

g/m3, Magnesium sulphate 176g/m3, Omnospoor/micro 101 10 g/m3 of water. Gatit formulations from 

Pedstock were also used; Gatit (N: P2O5: K2O) (18:18:18) at establishment, Gatit (N: P2O5:  K2O) 

(20:10:20) for vegetative growth and Gatit (N: P2O5: K2O) (15:5:35) at the flowering stage. The plots 

were kept weed free by manually removing weeds using hand hoes and pulling. Preventative sprays for 

insect pests and diseases were done weekly alternating different insecticides (Ampligo, Actara and Dy-

namec) and fungicides (Bravo, Dithane, Score and Ridomil).   

2.4 Data analysis 

The data was analyzed using Genstat 14th edition (VSN International 2012). Data for the number of 

stems and number of flower buds was transformed (square root transformation) before analysis of vari-

ance (ANOVA). Data from the three experiments were combined and a single analysis was done. Where 

there were significant differences at p<0.05, means were separated using the Least Significance Differ-

ence (LSD). 
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3.0 RESULTS  

There were significant differences (p<0.05) on the total number of stems, total marketable stems, plant 

height (cm), stem diameter (mm) and bloom quality of rose (Coppillia) in the studies caused by 

differences in bending techniques used (Table 1). Bending of weak and non-productive shoots only (light 

and moderate bending)  gave significantly (p<0.05) higher  total number of stems, total marketable 

stems, plant height (cm), stem diameter (mm), and bloom quality of roses as compared to pinching only 

and bending at 0o and 45o angle to the ground (heavy bending). 

3.1 Marketable stems 

There were differences in the total number of stems (p≤0.05). The results showed that bending of  weak 

and thin stems only (light to moderate bending) gave a significantly (p<0.001) higher  number of total 

number of stems (rose yield/plant). The total number of stems ranged from 18 for plants bent at 45o to 

the ground to 33 stems for plants bent lightly and moderately. Significant differences (p≤0.05) were also 

noted on the total marketable stems. However, the cultural technique of bending plants at 0o produced 

13.25 stems and pinching of plants produced12.38 stems. Bending whole plants at angles 0o, 45o and 

pinching were similar (Table 1). 

3.2 Stem height  

 Rose plants ranged from 52.5 cm to 72.6 cm tall; the tallest plants were those from bushes whose thin 

stems were bent moderately and lightly (Table 1).  

 

 

 

 

 

Table 1. Total number of stems , total marketable stems , plant height (cm), stem diameter (mm), number of flowers per 

bush, inflorescence diameter (mm) and bloom quality on Rose cultivar Coppillia as affected by cultural techniques 

Cultural 

techniques 

Total 

number 

stems 

Total 

marketable 

stems 

Plant 

height 

(cm) 

Stem 

diameter 

(mm) 

Number 

of 

flowers 

per bush 

Inflorescence 

diameter 

(mm)  

Bloom quality 

Pinched 26.88b 12.38b 57.10b 17.00b 27.8 31.10 4.88bc 

Bending 0 0 23.12bd 13.25b 60.40b 16.00b 25.50 27.60 5.62ac 

Bending 45 0 17.12ce 9.50b 52.5b 11.00b 21.40 28.40 4.50 c 

Bending NPTS 32.12a 23.50a 72.60a 26.12a 26.20 34.60 6.88a 

Grand mean 24.81 14.66 60.70 17.53 25.20 30.40 5.50 

P value <0.001 <0.001 0.020 0.003 0.494 0.738 0.017 

LSD 5.119 4.383 11.70 6.376 9.38 9.38 1.387 

CV% 11.7 7.6 14.6 5.6 15.9 16.5 15.2 

* Means with the same letter or followed by the same letter are not significantly different according to the LSD value 

down a column. 
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3.3 Stem diameter  

The stem diameter ranged from 11.00 mm, for pinched plants, to 26.12 mm for bushes that were 

moderately and lightly bent (Bending NPTS) (Table 1). Rose bushes that were bent moderately and 

lightly produced significantly the largest stems compared to the other treatments (Table 1).  

3.4 Number of flowers per bush 

There were no significant differences in number of flowers per bush across all treatments (p>0.05). The 

number of flowers per bush ranged from 21.40 to 27.80 (Table 1). 

3.5 Inflorescence diameter 

The diameter of inflorescences was not affected by cultural treatments of bending and pinching (p>0.05, 

Table 1).  

3.6 Bloom quality 

The quality of blooms were inconsistent across cultural treatments (p<0.05) (Table 1). The scores ranged 

from lower (4.50) for plants bent at 45o to 6.88 for plants bent on only non-pencil thick stems (bent 

moderately and lightly).  

4.0 DISCUSSION 

Results in this study were in agreement with the findings (13) that light to medium pruning were better 

than heavy pruning in terms of yield and flower quality. Our findings were that light bending improved 

the number of marketable stems per bush which was contrary to reports that bending resulted in less 

harvestable shoots per plant in commercial greenhouses (10). In this study more harvestable flowering 

shoots were produced in plants bent lightly and moderately than in plants which were bent heavily, (at 

00 and 450 angle to the ground), which produced significantly lower harvestable flowering and 

marketable stems. It appears there was need to do moderate to light bending to strike a balance on the 

number of stems and the quality of flowering stems produced. Improved rose productivity resulting from 

bending could be attributed to the possibility of bent shoots acting as a source of carbohydrates, 

presuming that they captured ample light and actively photosynthesize after bending (1). 

Length and diameter of flowering stems are factors involving the economic value of cut-roses (4). The 

increased total marketable stems, plant height, stem diameter and bloom quality of rose plants bent 

lightly confirmed the results reported by (8) that bending increased the development rate, stem diameter, 

weight and leaf area index. Findings from this study also agree with (16) where bent rose plants produced 

more flowering shoots and longer stems for cultivars ‘Gabrielle’ and ‘Kardinal’. The numbers of 

marketable stems ranged from 10 for plants bent at 45o to the ground to 24 stems for plants bent lightly 

and moderately (rose yield/plant) (Table 1).  In commercial practice it is believed that the removal of 

flower bud dormancy with bending would redirect assimilates from the bent shoots to newly developing 

flower shoots rather than investing them on unusable flower buds. If bending inhibits phloem transport, 

then in the short term it may have little benefit to the carbon economy of the erect flowering shoots (4).  

Stem diameter and degree of branching of basal shoots determined the potential flower production of 

rose plant (17). The number and length of all harvested flowering shoots has been investigated by 

Mosher and Turner as indicators of productivity and quality. They reported that while bent canopy 

produced longer stems and higher biomass of individual flowering shoots in cultivars studied, this also 

resulted in significantly fewer harvestable flowering shoots.  
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The increased production and quality in the bending intensity as attributed by Mosher and Turner to 

increased light penetration to basal parts, and to bending of basal shoots which stimulated the formation 

of more basal shoots. This was supported by the argument that when a primary shoot was bent 

horizontally it promoted the growth of proximal secondary buds which gave rise to basal shoots (18). 

In the bending of only the thin and weak stems, harvested flowering shoots include basal shoots that 

were usually strong and long (marketable). The harvested basal shoots were probably the principal 

reason for increased stem length but decreased stem counts in heavily bent plants. However, if growers 

were to include those basal shoots in their harvests and still keep high stem counts, they should aim at 

increasing the number of basal shoots. Basal shoots could be promoted by exposing the basal area to 

light (19, 7) and also by bending existing shoots (20, 7).  

Knowing the extent of bending in rose production was likely to be one of the key factors to keep both 

high quality and high productivity (10). However, bending a shoot may inhibit water transport. It may 

also modify the source–sink relations between leaves and flower buds on bent shoots (2). These factors 

may further lead to changes in gas exchange rates (i.e. photosynthesis and transpiration). This indicates 

that bending damages the stomata, phloem and xylem (in the short term) and that the sink reduces 

photosynthesis because mobilization of the carbon assimilates is restricted until the phloem heals (4). 

As a result the contribution of the bent shoots to biomass production may be different from that of 

upright shoots. Studies on the effects of shoot-bending on photosynthesis and water relations at leaf 

level, shoot level and whole-plant would be valuable to understand the physiological responses of plants 

to bending.  

For good flower production, shoot bending and pruning instead of pruning alone is recommended in the 

traditional upright growing technique after a rest period. Benefits from bending of blind shoots after 

harvest in the traditional growing technique are likely to be dependent on cultivar and harvesting height; 

however, there is need for further research focusing on the effects of using different cultivars and the 

harvesting heights with different bending intensities on rose yields and quality.  

5.0 CONCLUSION 

 Light to moderate bending of weak and thin stems only had a positive effect on Total number of stems, 

total marketable stems, plant height (cm), stem diameter (mm) and bloom quality of Coppillia rose 

cultivar. 
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ABSTRACT 

A trial was conducted to evaluate the efficacy of Carica papaya leaf extracts on F. lateritiumgrowth in 

vitro. Six treatments were used, which were C papaya at 12.5%, 25%, 50% and 100%, the control and 

the standard Copper Oxychloride 85%WP (wetable powder). The trial was laid out in a completely 

randomized design replicated three times. There were significant differences in growth inhibition of F. 

lateritium after 6 and 10 days after incubation, (p<0.001) and (p=0.002) respectively. C papaya at 

concentrations of more than 25% performed equally the same as the standard chemical Copper 

Oxychloride 85%WP. More growth (0.31cm/day) was recorded in the control. C. papaya concentrations 

had growth range of 0 to 0.18 cm/day, with no growth in the standard treatment. There was a strong 

positive correlation (r = 0.87) between concentration of C papaya and percentage growth inhibition of 

F. lateritium. The results showed that C papaya can be an alternative in the management of F. lateritium. 

Keywords: Coffee, Carica papaya, Fusarium, mycelia 

1. INTRODUCTION  

Coffee production in Zimbabwe is limited by the incidences of diseases which include Coffee Leaf Rust, 

Cercospora and Fusarium Bark Disease caused by Fusarium lateritium. Fusarium bark disease causes 

severe economic losses in the Eastern districts of Zimbabwe(1). The presence of major pests such as 

White Stem borer and Antestia bugs exacerbates the spread of the disease. F. lateritium is considered a 

weak pathogen which can only get into the plant through openings (2). The disease affects almost all 

above ground parts of Arabica coffee and the type of symptoms manifested depend on the part affected 

(3, 4). Currently Fusarium Bark Disease does not have curative fungicides since withdrawal of Captafol 

from the market due to long residual effect in the final product and suspected carcinogenicity. Farmers 

are only relying on prophylactic preventative sprays of Copper Oxychloride 85%WP(5). While the use 

of protective fungicides is still a common practice among many farmers, there is growing interest in the 

use of pesticides from plant origin. They have been found to be important alternatives to synthetic 

pesticides (6), but have limited use in Zimbabwe and other coffee growing countries(7).  

Plant extracts such as Lantana camara(8), Carica papaya(9, 10), Menthapiperita L., (11) , Mentha 

arvensis and Allium spp. (12, 8, 6) were utilised in inhibition of plant pathogen growth with successes. 

Most of the plant extracts were found to have chemical volatiles which function in chemical defence, 

acting as insecticides, acaricides, avoiding bacterial or fungi phytopathogen colonization and attracting 

natural enemies of herbivores (3, 9, 13). Given the current difficult economic situation in Zimbabwe and 

market demand for environment-friendly products, there is a need to find alternative control 

interventions in the control of F. lateritium, to replace hazardous and phased out chemical fungicides. 

C. papaya is native of West Indies or Mexico. Papaya is an important food and drug plant in areas such 

as the West Indies, Sri Lanka, India, Malaysia, USA and Hawai Islands (14).  

http://www.rcz.ac.zw/
mailto:pchidoko@gmail.com


10th Zimbabwe International Research Symposium Book of Papers Presented (ISSN: 2412-2386) 

 

Published by Research Council of Zimbabwe   

Website: www.rcz.ac.zw  542 

 

The plant may grow to a maximum height of 9 m, and is often described as the giant herbs. A dry and 

warm climate is necessary for the growth of the plant. The plant is mainly propagated by seeds. The 

plant flowers in four months after planting, and fruits become ready for harvesting in six months (9). 

The papaya fruit and leaves are rich in proteins and minerals consisting mainly of iron, calcium and 

phosphorus, vitamin A and C and is rich in the enzyme papain and chymopapain which have antiviral, 

antifungal and antibacterial properties (15). This enzyme is obtained from green fruits and leaves as 

latex which is later dried and purified. Papain is said  to  be  useful  in  the  treatment  of  skin  blemishes,  

diphtheria  and  even  cancer.   In industry  it  is  used  in  the clarification of beer, in tanning and the 

manufacture of chewing gum (14). 

2. OBJECTIVES  

The major objective of the study was to determine the effectiveness of C. papaya leaf extracts on F. 

Lateritium growth inhibition in-vitro.. 

3. MATERIALS AND METHODS 

3.1 Study site 

This work was conducted at Coffee Research Institute (200211S and 320371E), situated 8km South West 

of Chipinge town, in the plant pathology laboratory.  

3.2 Preparation Plant extracts  

Carica papaya leaves were obtained from trees planted at the Institute. Plant extracts were prepared by 

crushing fresh plant leaves using a pestle and mortar. The crushed plant parts were measured to obtain 

100 g and soaked in 100 ml water (aqueous) for 16 hours. After 16 hours the soaked extracts were 

filtered through a mutton cloth, and centrifuged at 5000rpm for 10 minutes and considered to be the 

standard solution (100% neat extract).  The neat extract was diluted using sterile distilled water into 

different concentrations of 50%, 25% and 12.5% before use in the bioassays.  

3.3 Fusarium lateritium spore preparation 

Stems, branches and berries of coffee exhibiting symptoms of F. lateritium were collected from the field 

at Coffee Research Institute. The diseased plant parts were brought to the laboratory for culturing before 

microscopic examination and isolation. The diseased samples of Coffea arabica showing different types 

of typical symptoms were thoroughly washed under running water, and separately cut into small pieces 

of about half the length of a centimeter in size using sterilized blades. The pieces were washed under 

running tap water and then surface sterilized with 70% sodium hypochlorite solution for 40 - 60 seconds, 

followed by 3 – 4 washings with sterilized distilled water and then dried on laminar air flow. The pieces 

were aseptically transferred into petri dishes containing Potato Dextrose Agar (PDA) medium and 

incubated at 24 ± 2oC. New PDA solution was prepared and 9 ml of the media was poured into the test 

tubes and 1ml of the test treatment was then added. The mixture was shaken well before pouring into 

the petri dishes. Incubated F. lateritium spores were sub-cultured on fresh petri-dishes containing PDA 

and 1 ml of the test solution and then incubated for 48-72 hours. 

3.4 Experimental Design 

The trial was laid out in a Completely Randomized Design. The treatments were made up of four Carica 

papaya concentrations at 12.5%, 25%, 50% and 100% and two more treatments were added, which were 

the standard chemical Copper Oxychloride 85%WP and distilled water as the control. 
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3.5 Data collection and analysis 

Observations in the laboratory were recorded daily from two days after incubation up to ten days after 

incubation. Data was collected on radial growth in petri dishes for each treatment. Percentage growth 

inhibition due to various treatments was computed as follows 

𝑮𝑰% =
𝑮𝑪−𝑮𝑻 

𝑮𝑪
∗ 𝟏𝟎𝟎%  [1]      

Where 

GI% = Growth inhibition percentage 

GT = Growth in the treatment 

GC = Growth in the control 

Growth Inhibition data was subjected to arc-sine statistical transformation before analysis of variance 

(ANOVA) using a statistical package, Genstat 14th edition for windows (VSN International). Correlation 

between the concentration of plant extract and growth inhibition was done.  Graphs on radial growth 

over time were also developed.  

4. RESULTS 

4.1 Effects on growth inhibition 

There were significant differences in percentage growth inhibition of F. lateritium due to the effects of 

C. papaya at 6 (p<0.001) and 10 (p<0.002) Days after Incubation (DAI). There was complete 

germination inhibition in the standard chemical Copper Oxychloride 85%WP and the neat concentration 

(100%) of C. papaya, which were not significantly different from the 50% and the 25% concentrations 

at 6 and 10 DAI respectively (Table 1). The control (distilled water) was significantly different from the 

rest of the other treatments at 6 and 10 DAI. Distilled water did not inhibit growth of F. lateritium in the 

petri dishes at all.  

Table 1: Effects of C. papaya on growth inhibition % of F. lateritium at 6 and 10 DAI in vitro 

 

Treatments 

 

6 DAI 

 

10 DAI 

Control 0a 0a 

C.Papaya 12.5% 55.13b 47.31b 

C.Papaya 25% 69.23bc 64.52bc 

C.Papaya 50% 85.90bc 74.19bc 

C.Papaya 100% 100.00c 100.00c 

Copper Oxychloride 85%WP 100.00c 100.00c 

Grand mean 69.00 65.80 

CV% 27.8 31.7 

p <.001 0.002 

*Means with the same letter are not different according to the LSD test at 5% significance. 

4.2 Radial growth curves of F. lateritium in PDA 

Examination of the radial growth of F. lateritium on PDA indicated differences in growth over time. 

More growth was observed in the control which was growing at an average rate of 0.31cm/day. The 

other concentrations of C. papaya had growth range of 0 to 0.18 cm/day (Figure 1).  
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There was a strong positive correlation (r = 0.87) between concentration of C. papaya and radial growth 

inhibition of F. lateritium. Higher concentrations of the plant extract resulted in the least growth rate of 

the pathogen.  

 

 

Figure 1: Effect of Carica papaya leaf extract on radial growth of F. lateritium in PDA medium under 

laboratory conditions 

5. DISCUSSION 

The study demonstrated the great potential of C. papaya in the management of F. lateritium. The zone 

of inhibition increased with an increase in concentration of C. papaya (12, 16). The results are in 

agreement to a study where C. papaya was effective in inhibiting radial growth of Fusarium spp and 

many saprophytic fungi in-vitro with most of the fungi having 15 – 20mm zone of inhibition (16). In 

another study, C. papaya leaf extracts were effective in growth inhibition of almost all the fungi tested 

with 0.625mg ml-1 minimum inhibition concentration for Fusarium spp by Pedro Cha vez-Quinalin (16). 

Previous work done on the management of Fusarium pathogens showed that Bitter guard, Turmeric, 

Garlic and Black pepper (17) and many plants belonging to the Asteraceae family were effective in 

reducing mycelia growth(18). C. papaya was also found to be very effective in the management of 

Coffee Leaf Rust, Hemileia vastatrix.Undiluted C. papaya extract had the least spore germination of 

16.5% followed by the 50% concentration while the weakest dilution (12%) had the highest spore 

germination percentage of 69.88%.(10). The positive result shown by C. papaya in this study, confirmed 

by previous studies also, may give way for the identification of active ingredients in the botanical and 

lead to possible synthesis and exploitation of the compounds. C. papaya leaf extracts were found to have 

various phytochemical components such as flavonoids, alkaloids, tannins, saponins, cardiac glycosides 

and some protein components as well (19, 9, 16). The most important enzymes in C. papaya found to 

have antifungal, antiviral and antibacterial properties is papain and chymopapain (14, 15). These 

enzymes were documented to be more important in the suppression of many fungi such as Fusarium, 

rusts (19, 9), and some human pathogens (15). Most plants were scientifically proven to be useful in 

disease management, cheap and readily available to smallholder farmers (8, 6).  
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In addition, the plant extracts are generally user friendly as they do not destroy the environment and 

non-targeted species, but can act as repellents or growth inhibitors to certain microbes (19, 13, 6). 

Therefore there is need to evaluate C. papaya under greenhouse and field conditions to get more 

information on the potential of the plant extract on on controlling Fusarium in the field. 

6. CONCLUSIONS 

The study showed the potential of C. papaya leaf extracts in management of F. lateritium by inhibiting 

growth under laboratory conditions. They could be utilized in integrated disease management under 

field conditions, as an alternative to the unavailable fungicides once efficacy under field conditions has 

been confirmed. 
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ABSTRACT 

While agriculture contributes significantly to conservation and sustainable use of biodiversity, it is also 

a major driver of biodiversity loss. The Earth’s biodiversity is being lost at an alarming rate, putting in 

threat the sustainability of agriculture and ecosystem services and their ability to adapt to changing 

conditions, threatening food and livelihoods security. ITC Limited believes there is an ethical or devout 

responsibility to protect their fellow ecosystem in which we operate. There are many direct benefits to 

the people and the economy from biodiversity. Maintenance of the biodiversity is essential for the 

sustainable production of our agricultural products and this research work provides a method to identify 

the impacts and dependencies of business operations on biodiversity in agricultural landscapes; to assess 

and prioritise the risks and opportunities arising from those impacts and dependencies; and to implement 

action and monitoring plans to address those risks and opportunities. The biodiversity related action 

plans not only improve the sustainability of agri-related businesses, but also creates a balance between 

the business and ecosystem services. Intention of this assessment is to share the information and 

outcomes on Bio-diversity Risk and Opportunity Assessment carried out by ITC Limited in its 

agricultural landscapes in India. The assessment carried out is first of its kind in India wherein landscape 

approaches in identifying, prioritising and addressing the risk and opportunities are carried out.  

1. INTRODUCTION 

ITC Limited has generations of linkages with the Indian farmers in a spirit that truly embodies 

‘commitment beyond the market’. These linkages are the bulwark of organisation’s core initiatives in 

sustainability and has been the vital force in establishing India as a strong contender in the global 

tobacco market which is the outcome of crop development and extension programmes. For decades now, 

the organisation has actively engaged with growers and collaborated with key public institutions to 

steadily upgrade the practice of tobacco farming - adding value to the farmer's produce through 

improved varieties, upgraded crop, curing practice and post- harvest product management 

technologies. The organisation constantly transfer technology from lab to the land and take farmer issues 

on board for finding effective solutions.   
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Figure 1. Agri Extension Service 

Realizing the extent to which agriculture depends on ecosystem services and the consequent impact it 

has on it, intervention initiated at the crop development stage, to ensure the sustainable cultivation of 

crops. For the sustainable production of crops, it is essential to preserve the natural ecosystem. Five 

elements of sustainability – soil, water, fuel, labour and biodiversity – biodiversity being the entire 

variety of life and encompassing soil, water and fuel have been identified. All these elements are central 

to any crop cultivation, and any adverse impact on them will affect the crop and its productivity.  The 

Intention of this research work is to share the information and outcomes on bio-diversity assessment 

carried out by ITC Limited in Mysore and West Godavari agricultural landscapes in India.  

2. OBJECTIVES  

Maintaining and preserving biodiversity is essential for the sustainable husbandry of agricultural 

products. ITC Limited’s policy on biodiversity states that ‘the organization will minimize its impact on 

biodiversity and the environment, which involves avoiding, minimizing, and mitigating impacts on 

biodiversity and linked ecosystem services such as forest products, soil and water. The organisation 

believes that its success today, and in the future depends on biodiversity and ecosystem services. Not 

only would their loss affect its reputation, it would also affect the availability of the crop.  Notably, a 

risk for the farmer and the crop is ultimately a risk for the organization (1). Biodiversity provides 

resources like water, healthy soils and timber. Organisational business has a dependability to minimise 

its negative impact on biodiversity, as species and communities also depend on these resources. 

For ITC Limited the focus is not on species conservation for addressing biodiversity concerns, but the 

identification of any potential negative impact on ecosystem services and how to mitigate them.  Some 

of the negative impacts of agricultural activity include habitat alteration, over harvesting, pollution, 

introduction of invasive species, and climate change, and is therefore, a major contributor to the loss of 

biodiversity.  

3. METHODOLOGY 

Biodiversity and agriculture are strongly interrelated because while biodiversity is critical for 

agriculture, agriculture can also contribute to conservation and sustainable use of biodiversity (2). 

Maintenance of this biodiversity is essential for the sustainable production of Tobacco. The biodiversity 

risk and opportunity assessment is currently implemented in all our crop growing regions under the 

following three heads (Terrestrial, Soil & Aquatic) of biodiversity to assess, prioritize and create action 

and monitoring plans towards the risk and opportunities on biodiversity and ecosystem services (3).  
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Figure 2. Heads of Biodiversity 

 The biodiversity risks that we are currently assessing in the landscapes of the operating region; in 

relation to organisational business activities includes local community, NGOs, university, conservation 

organizations, governments and farmers. The assessment and the actions plans taken for all the crop 

growing regions encouraged the involvement of local community. The entire process involves three key 

stages, that is, planning and information gathering; identifying, investigating and prioritizing risks and 

opportunities; and action and monitoring plans as shown in the picture below. 

 

Figure 3. Stages of Assessment  

The first stage involves gathering existing knowledge and data on the landscape through the various 

databases, such as that of the company itself, of various NGOs or conservation organizations, agriculture 

universities, government bodies, the local communities and any other relevant stakeholder. Information 

such as population in the landscape, the area of the landscape, the major crops grown, the soil type and 

structure, the nutrient composition of the soil, the number of bore wells and tanks for irrigation, etc are 

collected. This stage takes about 2 months.  Stage two identifies that various risks that might exist in the 

landscape. Here, through interactions with stakeholders, especially farmers, corroborations are made of 

the observations that come out of the first stage.  Based on these interactions and information gathered 

from the first stage, what is called a Mandatory Risk Filter is filled out. In this stage, for example under 

the head of soil biodiversity, a comprehensive list of possible risks is created and YES or NO answers 

are given to these possible risks in a given landscape. Once these risks are identified, along with the 

stakeholders, the primary and secondary causes of the risk are assessed. Following this the potential 

negative impact of these risks are determined, both for biodiversity and for the business. If there is even 

one YES in the biodiversity aspects, the business has to acknowledge it as a risk that is to be addressed. 

Finally, the risks and opportunities are prioritized as high/medium/low from a Biodiversity Impact Score 

and Biodiversity Dependency Score. 
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Following which a prioritization of all medium or high biodiversity risks are identified through a 

Working Table which determine whether the risks and opportunities are regarded as high, medium or 

low. In stage three, based on the risks evaluated and prioritized, action plans are made. Even for low 

risks action plans are recommended so that they do not become high risk in the future (4).  

4. RESULTS & FINDINGS 

The following risks and opportunities were identified in the landscapes and taken actions to address 

them: 

Decline in water flow/quantity/water table:  Rainwater harvesting measures have been taken to revive 

and increase the water table and improve the water flow which had declined because of increasing 

siltation and groundwater extraction. ITC has constructed and rehabilitated several tanks for water 

storage and removed 11 lakh cubic metres of silt. These tanks are usually found at the bottom of sloppy 

areas where water runs off.  

 

Figure 4. Tank Rehabilitation Project 

Soil erosion: When untreated, about 13.5 metric tonnes of soil per hectare is eroded every year. The soil 

lost is usually topsoil which is high in nutrient and organic content. In order to prevent this erosion 

farmers were encouraged to carry out trenching and bunding on their fields. All the topsoil that is eroded 

and settled in the tanks is taken out and deposited back on the farmer’s field. 

 

Figure 5. Analysing Soil Status 

Loss or lack of natural vegetation: Several biodiversity parks have been set up to encourage natural 

vegetation and prevent habitat loss. These parks are on about 5-6 acres of communal land, with the 

community involved in its maintenance and protection and ITC providing the saplings and fencing. 

Many native and endangered species of flora have been planted in these parks and is serving as a 

sanctuary for endangered local plant species that have livelihood significance for the surrounding 

pastoral and agrarian community.  
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In parallel purpose the Park is playing a significant role in educating the local community with linked 

training programmes on the importance of conserving native species and their importance in the future.   

 

Figure 6. Biodiversity Parks 

Pollution: Sustainable agrochemical management has been introduced to prevent soil pollution. 

Instances of disposal of toxic pesticide waste bottles in the fields were discouraged and farmers were 

made aware of environmentally responsible agrochemical selection, handling, application, storage and 

disposal. To date nearly 1000 tons of toxic wastes are incinerated at pollution control board approved 

facilities.  

Fuel: For fuel wood requirements of households, farmers use wood and agri-waste for fuel. ITC is 

encouraging farmers to deploy energy conservation techniques and energy plantations for fuels self-

sufficiency. Here farmers are told to plant relatively fast growing trees, in this case, Eucalyptus, on their 

farms which they can use for fuel.  

4.1 IMPACT 

Around 1,630 hectares was brought under soil and moisture conservation and 2 large water tanks were 

rehabilitated in the landscapes in Mysore as an outcome of the study. Over 62 million litres of water 

storage was created and more than 5,000 marginal households have benefitted. Groundwater levels have 

also been reported to have increased significantly because of this initiative. 58,000 cubic meters of silt 

retrieved form the tanks have been applied on the 1,630 hectares of agricultural land, which has 

improved soil texture and improved its Organic content, resulting in a positive impact on crop 

production.  It has also led to reduction in the use of inorganic chemical fertilizers in the areas of 

intervention.  

More than 18,000 native species are protected in 10 biodiversity parks which covers a land area of 15 

acres in Mysore & West Godavari region. The introduction of the agro-forestry model and energy 

plantation was a significant milestone that was achieved during the year and in Mysore district almost 

2,000 hectares of energy plantations were undertaken providing extra income to the farmers. Apart from 

the obvious benefits of increasing the vegetation cover, this effort also directly contribute to in situ 

moisture conservation and significant reduction in top soil losses due to wind and water erosion.  
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Figure 7. Outcome of Biodiversity Protection Initiatives 

5. CONCLUSIONS/RECOMMENDATION  

A very comprehensive and exhaustive process of embedding biodiversity protection in agriculture is not 

without its challenges. The primary challenge lies at the ground level while getting the farmers to adopt 

new practices. Given the participatory approach which ITC Limited employed, involving the community 

at all levels, raising awareness, making exposure visits and demonstrating the effectiveness of the 

interventions, the company was able to overcome the doubts and apprehensions of the farmers and 

embedded sustainability among the farming communities.  

At present, ITC Limited Agri Business Division is the only agri business company in India and a very 

few in the world to have conducted a biodiversity risk assessment of its crop growing operations in a 

strategic manner by using an assessment tool. ITC Limited will continue to engage with farmers and all 

other stakeholders in protecting and preserving biodiversity and encouraging the uptake of interventions 

it has introduced in the landscapes to its other operation regions.  
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ABSTRACT 

The bacterium Leifsonia xyli subsp. xyli causes Ratoon Stunting Disease (RSD) in sugarcane.  RSD is 

controlled by fallowing sugarcane fields for varying lengths of time (RSD Fallow). RSD Fallow period 

in Zimbabwe is 90 days; practically, this may vary from 90 to 270 days depending on the time of the 

year and how quickly the land was prepared for subsequent planting.  The opportunity cost of RSD 

Fallow on cane growth was unacceptable to cane growers.  The conventional Monoculture sugarcane 

(MS) was compared to 90 days of RSD Fallow followed by sugarcane (90DFS), Sunn hemp green crop 

followed by sugarcane (SHS), Velvet bean green crop followed by sugarcane (VBS), and grain soybeans 

followed by sugarcane (SBS) from 06 May 2009 to 06 December 2011.  The sugarcane crop harvested 

in 2010 was the Plant Crop (PC) and that harvested in 2011 was the First Ratoon (R1) crop. Sugarcane 

varieties N14 susceptible to RSD and CP72-2086 resistant to RSD were grown and fertilized with either 

60 kg N ha-1 or 120 kg N ha-1 using Ammonium Nitrate (34.5% N). Sunn hemp and velvet beans were 

ploughed under as green crops at their respective flowering dates on 09 July 2009 and 14 September 

2009.  Soybeans were harvested dry on 17 September 2009.  

Initially, the trial site had a pH of 6.31 and an EC of 94.6 µS/cm. It had low Soil Organic Matter (0.81%), 

low N (6.6 ppm), and abundant available P (67.2 ppm), K (0.38 me%), and Ca [9.61 me%].  Soil N 

increased, whereas electrical conductivity decreased among all cropping systems.  The soybeans break 

crop increased available soil P and K.  At 22 weeks after emergence, leaf N of Plant Cane was highest 

in SHS (2.68%) and 90DFS (2.55%) and least in MS (2.25%).  The benefits from legume break crops 

were not carried forward from PC crops to the R1 crops. 

SHS, VBS and SBS increased colony forming units (CFUs) in the 0-30 cm soil depth by respectively 

6.7%, 40.1% and 67.4% after harvesting sugarcane plant crops compared to the 90DFS.  Bacterial CFUs 

were significantly more than fungal ones.  Plant parasitic nematodes found included both the endo-

parasites Pratylenchus sp. and Rotylenchulus sp. and ecto-parasites Helicotylenchus sp., Scutellonema 

sp., Criconemella sp., Trichodorus sp.  Non-parasitic nematodes identified in the soils included 

Xiphinema sp., Hemicycliophora sp., Tylenchus sp., Tylenchulus sp. and Hopolaimus sp.  Legume break 

crops reduced the number of different nematode genera found in the field.  Sunn hemp increased the 

numbers of non-parasitic nematodes compared to the other legumes.  Velvet beans increased the 

population of Helicotylenchus sp.   

Sugar yields of PC ranged from 13.56 t ha-1 in VBS to 29.62 t ha-1 in SBS whereas sugar yields of R1 

crops ranged from 8.093 t  ha-1 in VBS to 29.218 t ha-1 in SBS.  On a per hectare basis and averaged 

over the N levels for the two years, SBS produced the most sugar (53.385 t) followed in a respective 

decreasing order by MS (38.225 t), SHS (36.144 t), 90DFS (30.716 t) and VBS (23.407 t).   
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Soybeans produced 4.12 t ha-1 of grain.  Cash incomes averaged over PC+R1 from the cropping systems 

were SBS >MS = SHS >90DFS >VBS.  Average income from SBS was US$28,929.14 per hectare and 

that of MS was US$20,661.10.   

Keywords: Ratoon Stunting Disease (RSD), RSD Fallow, sugarcane cropping systems, monoculture 

sugarcane, legume break crops, soil organic matter, soil microbial biomass. 

1. INTRODUCTION 

Sugarcane [Saccharum officinarum L.] in Zimbabwe is grown under irrigation and is replanted every 

eight to ten years because yields would have declined.  Sugarcane fields are left fallow for at least 90 

days after ploughing and before planting a new crop to control Ratoon Stunting Disease (RSD).  RSD 

is the most important disease in reducing cane yields worldwide (1, 2) and is caused by the bacterium 

Leifsonia xyli subsp. xyli, which only survives in live cane roots and cane stalks.  The bacterium 

colonizes the vascular bundles of the sugarcane plant causing stunting in the growth of cane plants (3). 

RSD is spread through planting of diseased seedcane, cane cutting knives, mechanical harvesting, as 

well as by movement of people and equipment within and among cane fields (4, 5).  Sugarcane 

monoculture production systems exacerbate the disease situation (4) and also result in yield decline (6).  

RSD infection rate in sugarcane in Zimbabwe during 2003 was 19.8% in variety N14 and 0.1% in CP72-

2086. By 2006, RSD infection rate was 18.62% in N14 and 0.25% in CP72-2086.  Variety N14 is 

considered very susceptible to RSD (5) whereas variety CP72-2086 is considered resistant (7). Despite 

the susceptibility of N14 to RSD, cane growers still prefer growing this variety because it has a greater 

yield potential in Zimbabwe.   

Sugarcane growers worldwide control RSD by practicing one or a combination of good sanitation, 

treating seedcane setts with hot water at 50°C for two hours, and dipping of cane knives in, and spraying 

implements with, chemicals such as sodium hypochlorite (5). These methods have not been very 

effective without complete destruction of sugarcane stools during ploughing and leaving fields free of 

sugarcane volunteers (fallow) for varying periods of time after ploughing. The RSD pathogen remains 

live in cane volunteers and subsequently re-infect a new crop. The practice of leaving cane lands fallow 

starves the bacteria and breaks its life cycle. 

 In Zimbabwe, most cane growers consider fallowing of cane fields for 90 days to control RSD 

unattractive, wasteful, and uneconomic.  Small-scale cane growers are concerned that their individual 

lands are too small to leave some to fallow for 90 days.  In contrast, estates, which plough-out 

approximately 10% to 12% of their land annually, oppose practicing RSD fallowing because it would 

result in too much land being left idle for long periods (personal communications). Thus both small-

scale cane growers and estates do not like to practice fallowing for 90 days to control RSD (RSD 

Fallows) because of the opportunity cost of time for cane growth.  Moreover, weeds proliferate in the 

fallow fields (8) and there is no income accruing to the cane grower during the fallow period. 

Legumes can be grown during the fallow period with immense benefits (9) either as green manure (10, 

11) or as grain (11).  Several low input break crops such as cowpeas, peanuts, sunn hemp, soybeans, 

oats, lupins, and pastures planted during RSD fallows in Australia, South Africa, Colombia, Mauritius, 

Papua New Guinea, and Zimbabwe improved the productive capacity of soils (12, 13, 14).  Unlike 

leaving fields fallow, break crops helped to improve soil fertility (9) and soil organic matter (15, 16), 
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reduced harmful insects and diseases, improved sugarcane yields, and also provided income to the 

sugarcane growers (17, 18, 19, 20, 21).  In Australia, breaking sugarcane monoculture between cycles 

with another crop species improved sugarcane yields by 20% to 30% in the plant crop due primarily to 

improvement in soil health (14, 6).  In Zimbabwe, a vegetable soybean break crop fixed about 234 kg 

N whereas a grain soybean break crop fixed approximately 50 kg N (22).  The amount of organic matter 

in plots following the break crops was 0.84% after grain soybean, 1.01% after vegetable soybean, and 

0.90% after a 90-day fallow (22).  Microbial populations were increased by incorporating green legume 

manures into cropping cycles (10, 23).  We have not determined the amounts of nitrogen fixed by other 

legumes in sugarcane cropping systems.  Thus, we do not know whether or not it matches the N off-take 

by a sugarcane plant crop.   

Nematodes are useful biological indicators because different trophic groups feed on plant roots, bacteria, 

fungi, protozoa, algae, or small invertebrates and each group responds to changes in the availability of 

its food source (24).  There is potential for susceptible break crops to promote cross infection with 

parasitic nematodes.  However, fallow legumes were reported to reduce the number of grass specific 

nematode pests, while the balance between fungal and bacterial-feeding nematodes reflected the 

biological status of a soil at the time sugarcane was planted (24).  Inferences based on differences in the 

numbers of frequent and abundant nematode genera among research farms suggested that nematode 

communities were influenced more by site than by genotype (24).   

2. OBJECTIVES 

It is commonly accepted that legumes have considerable potential to contribute to soil fertility and to 

sustainable crop yield increases.  The study evaluated how break crops of 90 days fallow, soybeans, 

sunn hemp and velvet beans affected the status of soil nutrient elements, the dynamics of soil nematodes, 

and the growth of subsequent sugarcane crops. This study was done to quantify the benefits, if any, of 

these cropping systems to the conditions of the soil and to cane and sugar yields including the general 

incomes from the same field.  

The general objectives of the study were to quantify the changes in soil nutrient elements and nematodes 

and to assess the economic benefits of practicing RSD fallows, or planting soybeans (Glycine max), 

sunn hemp (Crotalaria guncea L.), and/or velvet beans (Mucuna pruriens) break crops during RSD 

fallows in sugarcane cropping systems.  Specifically, we wanted: 

1. To determine the amount of nitrogen (N) mineralized during RSD fallows and that fixed by 

soybean variety Storm, sunn hemp, and velvet beans grown as break crops in sugarcane pro-

duction systems. 

2.  To study the cane and sugar yields of RSD susceptible variety N14 and resistant variety CP72-

2086 planted after RSD fallow, grain soybeans and after green manure crops of sunn hemp or 

velvet beans grown during RSD fallows.  

3. To determine the economic benefits, if any, of growing grain soybeans, sunn hemp and velvet 

beans as green manure crops during RSD fallows in sugarcane crops fertilized with either 60 

kg N ha-1 or 120 kg N ha-1. 

4. To determine the changes in, and number of, soil nematode genera and species in five sugar-

cane-cropping systems. 
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5. To determine microbial biomass in the soil profile of the five break crop and sugarcane cropping 

systems. 

3. MATERIALS AND METHODS 

3.1 Experimental Site 

The study was done at Field Z4 Zebra Block, Zimbabwe Sugar Association Experiment Station, which 

is 430 m above sea level, latitude 21°02 40” S and longitude 31°3644” E. The soils are sandy clay 

loams with approximately 20.6% clay and 0.74% soil organic matter (SOM). Rainfall is from October 

to March and averages 625 mm per annum. Potential evaporation is about 1,800 mm per annum.  Mean 

daily maximum temperatures range between 26°C and 33°C and mean daily minimum temperatures 

range from 5°C to 17°C.  Prior to establishing the trial, Field Z4 was cropped to sugarcane for over 20 

years followed by a year of weed fallow. 

3.2 Land Preparation and Trial Layout 

The field was cross-ripped at right angles followed by ploughing to a depth of about 25–30 cm using a 

disc plough and was then disced.  An earth irrigation canal was built running East-West and dividing 

Field Z4 into two equal portions to facilitate the application of irrigation water.  The field was divided 

into four equal blocks each approximately 4,500 m2 and each block was marked into 20 plots, each 225 

m2.  Each plot was 30 m long and 7.5 m wide.  Two replicates were on either side of the earth canal.   

Fallow plots were not ridged until planting was due but were kept free of weeds for 90 days.  Furrows 

to plant soybeans, sunn hemp and velvet beans were set respectively at 0.75, 1.0 and 0.45 m apart.  

Furrows 1.5 m apart and about 25 cm deep were opened using a tractor drawn ridger in preparation for 

planting of sugarcane in monoculture plots, former fallow plots and plots that previously were grown to 

legumes.  The treatment combinations are given in Table 1.    

3.3 Planting and Management of Crops 

3.3.1 Legume crops 

On 06 May 2009, soybean variety Storm and unknown varieties of sunn hemp and velvet beans were 

sown by hand in furrows.  Seeds were sown at 5 cm apart at a depth of 5 cm.  Soybean seeds were 

inoculated with 200 g of rhizobium per 50 kg of seed before planting.  The legume crops were not 

fertilized.  A tank-mix of Clomazone as Command 480EC at 1 L ha-1 and Alachlor 384EC at 4 L ha-1 

were sprayed prior to emergence of weeds to control both grass and broadleaf weeds.  Sunn hemp and 

Velvet bean crops were ploughed under using a disc plough at their respective flowering dates (when 

50% of the plants in a plot had flowered).  Soybeans were harvested when the pods were dry but before 

they shattered.  Soybean stems were cut at ground level and left to dry in the fields. The stems and the 

pods were removed from the field for shelling.  Only the root system and some leaves that senesced and 

dropped were incorporated into the soils by ploughing and discing immediately after harvesting 

soybeans.   

Table 1 A summary of the treatment combinations of the legume break crops trial during RSD Fallows, 

sugarcane varieties planted, and fertilizers applied annually from 2009 to 2012.  The trial was at Field 

Z4 Zebra Block at the Z.S.A. Experiment Station.   
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The two varieties were the main plots; two nitrogen levels were sub-plots and the five cropping systems 

were the sub-subplots.  Nitrogen was applied at either 60 kg N ha-1 or 120 kg N ha-1 depending on the 

treatment. 

Sugarcane Varieties Cropping Systems Fertilizers Applied to Cane 

(kg/ha) 

  N P2O5 K2O 

N14 & CP72-2086 Monoculture Sugarcane (MS) 60 & 120 100 60 

N14 & CP72-2086 90 Days RSD Fallow (90DFS) 60 & 120 100 60 

N14 & CP72-2086 Sunn Hemp then Sugarcane (SHS) 60 & 120 100 60 

N14 & CP72-2086 Velvet Beans then Sugarcane (VBS) 60 & 120 100 60 

N14 & CP72-2086 Soybeans then Sugarcane (SBS) 60 & 120 100 60 

3.3.2 Sugarcane crops 

Sugarcane varieties N14 and CP72-2086 were planted using three-eyed seedcane setts. Cane knives used 

in preparing seedcane setts were constantly disinfected against RSD by dipping them in sodium 

hypochlorite and in Bayfidan to reduce transmission of fungal disease pathogens.  Three-eyed seedcane 

setts were planted, double-stick, along each furrow at a depth of about 20 cm and covered with 5 cm of 

soil. 

Single superphosphate (19% P2O5) was applied by hand within the furrow at a rate of 100 kg P2O5 per 

hectare (ha) just before planting.  It was incorporated manually into the soil using hoes. Ammonium 

Nitrate (34.5% N) was applied at four and eight weeks after emergence of sugarcane according to the 

treatments in Table 1.   

Muriate of Potash (60% K2O) was applied at a rate of 60 kg K2O ha-1 at the same times as Nitrogen.  

Ammonium Nitrate and Muriate of Potash were banded on either side of the cane line.  A tank-mix of 

Atrazine 500SC and Alachlor 384EC both at 4 L ha-1 was sprayed 24 h after the first irrigation to control 

grass and broadleaf weeds.  Irrigation was scheduled using evaporation data from a Class A Evaporation 

Pan and irrigation was done at 50% depletion of total available water (TAW) in the 0–70 cm depth. 

3.4 Sampling of Soils 

3.4.1 Samples for nutrient elements 

Dutch augers were used to collect soil samples from five sampling stations within each plot initially 

after discing but before ridging.  The five sampling stations comprised of one station at one metre from 

each corner of the plot and one at the centre of the plot. At each sampling station, six cores were taken 

50 cm apart to a depth of 0–30 cm (30 cores per plot). Thereafter, soils were sampled (i) after ploughing 

under of the sunn hemp and velvet bean crops and (ii) after harvesting of soybeans but prior to planting 

sugarcane.   

The soil samples were analyzed at the Z.S.A.E.S Chemistry and Soils Laboratory using standard soil 

analyses methods.  pH of the soil samples was measured in a 1:5 (soil:0.01 M CaCl2 solution) using 
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Inolab WTW pH/ION/COND 750 pH meter (WTW GmbH, Weilheim, Germany).  Soil conductivity 

was measured in a 1:5 (soil: deionized water) using the same instrument.  Organic matter was determined 

as organic C using Walkely Black method (25).  The organic C was converted to organic matter by 

multiplying organic C by 1.72. Soil Nitrogen (N) was extracted using 1M KCl in 0.1 M HCl and the N 

was determined using the micro Kjeldahl method.  Soil available Phosphorus (P) was extracted by the 

Resin method using Dowex 21K Cl anion exchange resin beads (Sigma Aldrich, USA).  The 

concentration of P was read at wavelength 420 nm on a Libra Biochrom SP80 UV Vis (Biochrom Ltd. 

UK.) after adding equal amounts of ammonium vanadate and ammonium molybdate to the leachate.  

Available Potassium (K) was extracted using neutral ammonium acetate and concentrations were 

determined using the appropriate cathode lamp of a Varian Spectra AA50 (Varian Australia) atomic 

absorption spectrophotometer. 

3.4.2 Samples for nematodes 

Soil samples were collected on 06 May 2009 to establish baseline information on nematode genera and 

numbers at the start of the trial. Subsequent samples of soils, legumes and sugarcane roots were collected 

at respective flowering dates of each legume and when the plant cane (PC) crop was eight months old.  

Soil and roots samples were collected when the first ratoon sugarcane crop was five months old.  

Initially, before planting of any crops, about 500 g of moist soil and root samples were collected from 

the centre of each plot using an Edelman soil augur and at a depth of 0–30 cm.  Subsequently, three 

sugarcane plants and twelve legume plants were selected at random and dug out from three inner rows 

of each five-row cane plot and from the inner rows of each legume plot using a hoe.  The samples 

included cane roots or legume roots and approximately two kilograms of soil embedded around the cane 

or legume roots as the case was.     

In the field, samples were kept in cooler boxes under the shade.  At the Z.S.A.E.S Plant Protection 

Laboratory, plant roots (sugarcane or legumes) were separated from the soil and were kept in a cold 

room at 4°C until they were taken to the Nematology Section of the Plant Protection Research Institute 

(PPRI), Department of Research and Specialist Services, Ministry of Agriculture, Harare.  At PPRI, the 

soils were mixed gently but thoroughly by hand and sub-sampled by coning until the required 100 g 

were obtained.  Nematodes were extracted from 100 g of soil and 50 g of roots using the Baermann 

technique (26).   Nematodes were counted from a 25 mL aliquot in a counting dish and using a 

transmission light microscope.  Nematodes were identified to the genus level and their frequency of 

occurrence among cropping systems were compared.  The Shannon-Wiener index (H’) was used to 

calculate nematode diversity in the three habitats:  

𝐻′ =  ∑ 𝑝𝑖𝑙𝑜𝑔𝑒𝑝𝑖  1 

Where: 

𝑝𝑖= the proportion of the ith species in the total sample. 

In this study the natural log to base e was used, and the unit used was genus instead of species. The 

relative abundance of nematodes for each genus was measured as the total number of nematodes per 

100 g of soil or per 50 g of plant roots.  Nematode abundance in soils was grouped into seven categories 

namely: very high/abundant ≥10,000); high/abundant (≥5,000 but <10,000); moderate (≥1,000 but 

<5,000); few (≥250 but <1,000); very few (≥50 but <250); trace (<50) and none (nil).  Relative 
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abundance of nematodes in sugarcane roots was grouped into four categories viz.:  very high/abundant 

(≥200); high/abundant (≥100 but <200); moderate (≥50 but <100); low (<50) and none (nil).   

3.4.3 Samples for soil microbial biomass 

Dutch augurs were used to collect soil cores from 0–30 cm and 31–60 cm or at 0–10 cm and 11–20 cm 

depths.  Initial soil samples were collected before planting any crops.  Thereafter, soils were sampled (i) 

after ploughing in of green legume crops but prior to planting sugarcane and (ii) 24 to 48 hours after the 

first post sugarcane harvest irrigation.  The soil samples were sieved through a 2-mm sieve and stored 

at 4oC before analyses.  Samples were analyzed for microbial biomass at the Tobacco Research Board’s 

Kutsaga Research Station using the dilution and plating method (27). Diluted solutions were cultured in 

nutrient agar to determine the number of bacterial colonies and in malt extract agar to determine colonies 

of fungi and moulds. Plates with nutrient agar were incubated at 37oC for 12–24 h before counting the 

bacteria while those in malt extract agar were incubated at 25oC for 5 days before counts were done. 

Bacterial colonies and counts of fungi/moulds provided the total colony forming units (CFUs), which 

represented a soil’s microbial biomass. 

3.5 Sampling of Legumes and Sugarcane Plants 

3.5.1 Legume plants 

Sunn hemp and velvet bean plants were cut at ground level from five pre-selected random 5 m2 areas 

from each 225 m2 experimental plot when 50% of the plants in a plot had flowered.  In the case of 

soybeans, only ten plants were cut at ground level from five random positions within the plot.  The plant 

materials were dried in a forced draught oven at 80°C until constant weights and weighed.  The samples 

were ground using a Wiley-Mill to pass through a 2-mm sieve and were used to determine the N, P and 

K contents of the plant parts. 

Sunn hemp and velvet beans were ploughed under respectively on 09 July 2009 and 14 September 2009.  

The plots were disced and furrows were set at 1.5 m for planting of sugarcane.  On 17 September 2009, 

soybeans plants were cut at ground level when the pods were dry but before they shattered.  Plants were 

left in the field to dry further before shelling.  The plots were subsequently ploughed, disced, and furrows 

made for planting of sugarcane.  

3.5.2 Sugarcane foliar samples 

At 22 weeks after emergence of sugarcane plants, about 40 first fully expanded leaves, the ones with the 

topmost visible dewlap (TVD), were collected at random from each plot after leaving a one metre 

perimeter guard row.  Equal numbers of leaves were collected per row of sugarcane plants by dividing 

40 by the number of rows sampled.  The leaves were placed into 2 m long polythene bags before 

processing.  At processing, the centre of gravity of each bundle of leaves from individual plots was 

established by balancing the bundle on a string tied between two posts.  The leaf bundle was cut first at 

the centre of gravity using a guillotine and again 20 cm from the centre of gravity towards the leaf tip.  

The 20 cm long leaf portions constituted a subsample of the leaves.  All midribs were removed from 

each of the leaves in a subsample and the leaf blades were dried in a forced draught oven at 80°C until 

constant weight.  The oven dried leaf sub-samples were ground using a Wiley-Mill to pass through a 2-

mm sieve.   

Total N, P and K, were extracted by wet digest using concentrated sulphuric acid, selenium, lithium 

sulphate and hydrogen peroxide mixture (24).  Foliar N was determined using micro Kjeldahl method.  
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P was determined after adding equal amounts of ammonium vanadate and ammonium molybdate to a 

portion of the digest and reading the concentration at 465 nm on a Libra Biochrom SP80 UV Vis 

(Biochrom Ltd. UK.).  The K in the digest was determined using an appropriate lamp on a Varian Spectra 

AA50 (Varian, Australia) atomic absorption spectrophotometer.  

3.6 Cane and Sugar Yields 

At harvest, cane stalks were cut at ground level (base cutting) and topped at the natural breaking point 

after burning. Twenty-four stalks were sampled at random from each plot and used to measure the 

lengths and diameters of cane stalks.  The same stalks were taken to the Direct Analysis of Cane 

Laboratory to determine the Estimated Recoverable Crystals (ERC% Cane) for calculation of sugar 

yields.  A single row of cane was discarded on either side of a plot and one metre was discarded at the 

top and bottom of a plot leaving a net plot of approximately 28 m long x 4.5 m wide.  Cane stalks from 

this net plot were weighed and converted to cane yields in tons per hectare.   

3.7 Economic Assessment 

Production cost of each cropping system was estimated from the costs of preparing the land, seedcane, 

fertilizers, weed control, irrigation water, harvesting and labour for these activities. Soybeans were 

harvested and the yield was converted to tons per hectare (t ha-1).  Income was calculated from the 

market price of soybeans and from the Mill Door Price of sugar at the time of harvest of each crop.  A 

partial budget instrument was used to assess the economic benefits of including legumes in a sugarcane 

production system (28).  

3.8 Experimental Design and Data Analysis 

Data were analyzed using a split-split plot design to examine the effects of cropping  systems, nitrogen 

levels and sugarcane varieties on cane and sugar yields of the Plant Crop (PC) in 2010, First Ratoon 

Crop (R1) in 2011 and of the combined crops (PC+R1).  Split-Split plot analyses of variance (ANOVA) 

were done using SAS General Linear Model (GLM) Procedures version 9.3 (SAS Institute Inc. Cary, 

NC. USA).  Fisher's Least Significance Difference (LSD) test at 5% was used to separate means.   

4.0 RESULTS 

4.1 Nutrient elements in soils 

Initial soil organic matter (SOM) and soil N contents in Field Z4 Zebra Block were generally low while 

the levels of both P and K were above the critical levels for sugarcane (Table 2).  After cropping Field 

Z4, pH was significantly higher (P≤0.05) in VBS and SBS than in SHS and 90DFS plots (Table 2).  

Electrical conductivity (EC) was affected by time and cropping system (CS) although there were no 

interactions between these two factors (Table 2).   EC declined by 57% in 90DFS plots and by 39% in 

SBS (Table 2).  

At the end of the trial, available soil P was significantly more (P≤0.05) in SBS than in any other cropping 

system and it equaled that of initial P in MS (Table 2).  In December 2011, available soil P in MS plots 

was similar to that in SHS plots.  

Initial available K in all the plots averaged above the 0.35 me% K recommended for sugarcane.  At the 

end of the trial the amounts of K in all cropping systems except in the SBS were below the critical level 
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of 0.35 me% K (Table 2).  SHS cropping system had the least available K but, there was no change in 

available K in the SBS (Table 2). 

SOM contents in soils were significantly (P≤0.05) affected by both cropping systems and time except 

MS (Table 2).  SOM increased with time ranging from 52% in the SHS to 6% in the MS (Table 2). SOM 

in SHS, SBS, VBS and 90DFS significantly (P≤0.05) differed from each other (Table 2).  

 Table 2: Effects of Monoculture Sugarcane (MS), 90 Days RSD Fallows followed by sugarcane 

(90DFS), Soybeans followed by Sugarcane (SBS), Sunn Hemp (SHS) and Velvet Beans followed 

by Sugarcane (VBS) on selected chemical properties of experimental plots at Field Z4, Zebra 

Block, Zimbabwe Sugar Association Experiment Station during May 2009 and December 2011. 

Cropping System 

(CS) 

Soil N 

(ppm) 

Available P 

(ppm) 

K (me%) Soil OM 

(%) 

EC 

(µs/cm) 

pH 

Before the Trial During May 2009 

MS 7 77 0.34 0.83 90 6.28 

90DFS 7 52 0.32 0.74 70 6.06 

SBS 6 71 0.42 0.89 84 6.63 

SHS 6 70 0.46 0.82 71 6.23 

VBS 7 66 0.36 0.78 158 6.37 

Mean  6.6 67.2 0.38 0.81 94.6 6.31 

At the End of Trial in December 2011 

MS 21 37 0.23 0.88 41 6.50 

90DFS 14 40 0.33 0.99 30 6.21 

SBS 16 83 0.42 1.33 51 6.31 

SHS 19 42 0.28 1.25 38 6.17 

VBS 12 57 0.32 1.13 81 6.55 

P value 

LSD0.05 (CS) 

0.05 

1.7 

0.05 

7.8 

0.05 

0.05 

0.05 

0.09 

 0.05 

16.8 

0.05 

0.24 

LSD0.05 (Time) 1.1 4.9 0.07 0.06 10.6 NS 

LSD0.05 (CS x Time)       2.5     11      0.09      0.13       NS       NS 

 

SOM contents were greater in legume based cropping systems (P≤0.05) and least in the 90DFS (Table 

3).  After the green legumes were ploughed under, average SOM across soil depths were elevated mostly 

in SHS and in VBS (Table 3).  At the same time, average SOM in MS increased by 42.2% compared to 

SOM at planting of sugarcane (Table 3) at P≤0.05.  There were no changes in SOM in 90DFS and SBS.  

Variety and N did not significantly influence the accumulation of SOM. Contrary to results obtained 

soon after harvesting soybeans, percent SOM had increased significantly (P≤0.05) in SBS by the time 

of harvesting sugarcane PC in 2010 (Table 3). 
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Table 3: Percent (%) soil organic matter (SOM) among plots of different cropping systems at 0–

30 cm and 31–60 cm before planting any crops, after incorporating green legume crops, and after 

harvesting Plant Cane and First Ratoon sugarcane crops in 2010 and 2011 respectively. 

Cropping 

System 

Before Planting 

Any Crops 

After Legumes After Plant Cane 

Crop 

After First Ratoon 

Crop 

 0–30 31–60 0–30 31–60 0–30 31–60 0–30 31–60 

MS 0.62 a 0.66 0.97 a  0.84 a  1.26 a  0.99 a  1.16 a  0.93 a  

90DFS 0.73 a 0.56 0.67 b  0.62 b  1.04 b  0. 84 c  0.61 b  0.67 b  

SHS 0.81 b 0.72 0.92 a  0.84 a  1.31 a  1.25 b  0.92 a  0.84 a  

VBS 0.66 a 0.55 0.92 a  1.04 a 1 38 a  1.28 b  0.92 a  1.04 a  

SBS 0.87 b 0.75 0 72 b  0.81 a  1. 33 a  1.29 b  0.89 a  0.98 a  

Means 0.74 0.65 0.84  0.83   1.26  1.13  0.90  0.89  

P value 

LSD0.05 

0.05 

0.07 

0.05 

NS 

0.05 

0.18  

0.05 

0.17  

0.05 

0.20  

0.05 

0.13  

0.05 

0.24  

0.05 

0.21  

Means followed by the same letter within a column do not differ significantly at P≤0.05.  NS = Not 

significant 

4.2 Nematodes 

Plant parasitic nematodes identified in soils from Field Z4 included both endo-parasites (Pratylenchus 

sp. and Rotylenchulus sp.) and ecto-parasites (Helicotylenchus sp., Scutellonema sp., Criconemella sp., 

Trichodorus sp.).  Non-parasitic nematodes were also identified in the soils including Xiphinema sp., 

Hemicycliophora sp., Tylenchus sp., Tylenchulus sp. and Hopolaimus sp.  The numbers of genera found 

in the soils were very low being only ten before cropping.  Growing break crops did not significantly 

increase the numbers of nematode populations, however, sugarcane significantly (P≤0.05) increased the 

numbers of nematodes in the soils (Table 4).  The diversity was reduced from ten to respectively six in 

legume crops, eight in the sugarcane PC and nine in R1 crops (data not shown) at P≤0.05.   

In general, growing sunn hemp significantly increased (P≤0.05) the numbers of non-parasitic nematodes 

and of Pratylenchus sp. in subsequent sugarcane crops relative to the other legumes that were grown 

(Fig. 1).  In contrast, growing of velvet beans increased significantly (P≤0.05) the population of 

Helicotylenchus sp. in the soil (Fig. 1).   Population of nematodes though low at the start of the trial, 

increased after planting and growing of sugarcane (Fig. 1).  
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Table 4: Average numbers of nematodes in 100 g of soil collected from individual plots of different 

cropping systems of Monoculture Sugarcane (MS), 90 Days of RSD Fallows followed by sugarcane 

(90DFS), Sunn Hemp followed by sugarcane (SHS), Velvet Beans followed by sugarcane (VBS) 

and Soybeans followed (SBS) at Field Z4, Zebra Block, Z.S.A.E.S during the period 2009 to 2011. 

Cropping 

System 

Before 

Cropping   

During  

2009 

Among 

Legume 

Crops 

Plant Cane 

Crop (PC) 

During 

2010 

First Ratoon 

Crop (R1) 

During 2011 

F-value  Pr>F 

MS 22 a n/a 112 b 280 c 24.8 <0.0001 

90DFS 19 a n/a 248 b 141 c 24.3 <0.0001 

SHS 13 a 62 a 339 b 228 c 20.7 <0.0001 

VBS 12 a 43 a 322 b 494 b 5.8 <0.0017 

SBS 12 a 43 a 203 b 327 c 28.0 <0.0001 

n/a= not applicable; means followed by the same letter within a row do not differ significantly at 

P≤0.05 

 

 
         MS       90DFS            SHS                   VBS               SBS 

Figure 1 Changes in nematode populations in sugarcane Plant Cane and First Ratoon (r1) crops grown 

in Monoculture Sugarcane (MS), 90 Days after RSD Fallows, Sunn hemp followed by Sugarcane (SHS), 

Velvet Beans followed by sugarcane (VBS) and Soybeans followed by sugarcane.  Error bars are 

standard errors of the means. 

4.3 Microbial biomass  

Sunn hemp, velvet beans, and soybeans all improved soil microbial densities (P≤0.05) relative to before 

planting any crops (Table 5). At harvest of sugarcane plant crops during September and November 2010,  

colony forming units (CFUs) in the top soil had increased (P≤0.05) respectively by 6.7%, 40.1%, and 

67.4% in SBS, SHS and VBS compared to 90DFS (Table 5). There were significantly (P≤0.05) more 
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CFUs in the top 0–30 cm soil profile than in the 31–60 cm (Table 5).  The number of CFUs in the 0–10 

cm and 11–20 cm depths were similar (Table 5).  Bacteria were more abundant than fungi (data not 

shown).  The increased CFUs were not found in the subsequent R1 crops (data not shown).  

Table 5: Mean CFUs per gram of soils before planting and 26 days after ploughing under green 

Sunn hemp and Velvet beans and after harvesting dry Soybeans.  Legume crops were sown on 6 

May 2009; Sunn hemp was ploughed under on 09 July 2009 and Velvet beans on 14 September 

2009 while Soybeans were ploughed in on 17 Sept. 2009.  Sugarcane crops were harvested on 20 

July 2010 for Monoculture Sugarcane (MS), 15 Sept. 2010 for Sunn Hemp (SHS), 03 Nov. 2010 for 

90 Days RSD Fallow (90DFS), and 24 Nov. 2010 for Velvet Beans (VBS) and Soybeans (SBS). 

       

Cropping 

System 

Pre-Planting  

CFUs/g x 1,000 

After Legumes  

CFUs/g x 1,000 

4 Days After Harvesting Cane  

CFUs/g x 10,000  

 0–30 cm 31–60 cm   0–30 cm 31–60 cm 0–10 cm 11–20 cm 

MS 27.6 8.2 38.6 a 18.2 a  33.4 a  31.8 a  

SHS 32.6 6.6 37.4 a 20.1 a  58.9 b  56.3 b  

90DFS 28.9 12.1 26.7 b 8.3 c  43.2 a  38.8 a  

VBS 33.9 9.5 44.7 a  16.2 a  44.1 a 36.2 a  

SBS 28.3 12.8 28.5 b 14.3 b  44.4 a  32.9 a  

Means 30.3 9.8 35.2 15.4  42.2  39.2  

P value 

LSD0.05 

0.05 

NS 

0.05 

NS 

0.05 

8.6  

0.05 

5.6  

0.05 

12.3  

0.05 

11.6  

Means with similar letters within a column are not significantly different at P≤0.05; NS = Not 

significant.  

4.4 Legume plant biomass, major nutrients and fixed N  

Plant biomasses produced were in the order velvet beans >soybeans >sunn hemp, which were 

statistically different (Table 6) at (P≤0.05).  The biomass of the soybeans combined the weight of the 

leaves, stems and pods at harvest.  Velvet beans and soybeans fixed equal amounts of N, which were 

significantly greater (P≤0.05) than N fixed by sunn hemp (Table 6).   A similar trend occurred in the 

amount of P and K in the biomasses of the three legumes. 
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Table 6: Amount of nitrogen fixed by Sunn hemp, Soybeans and Velvet beans at respective 

flowering dates;  Phosphorus and Potassium contents in the legume biomasses and total dry 

matter produced by the legumes.  The legume crops were sown on 06 May 2009 and ploughed 

under on 09 July (sunn hemp), 14 September (velvet beans), and 17 September 2009 (soybeans). 

Item Nutrient Elements (kg ha-1)  

 Sunn Hemp Soybeans Velvet Beans P value 

Fixed Nitrogen 58.1 c 290.1 ab 304.7 a 0.05  

Phosphorus     5.96 c   25.0 ab   27.3 a 0.05  

Potassium  32.6 c 165.4 ab 171.6 a 0.05  

Dry Matter Produced 

(t ha-1) 

 

   1.73 c 

 

      8.685 b 

 

  14.3 a 

 

0.05  

Means with similar letters within the same row are not significantly different using LSD0.05.  

4.5 Sugarcane leaf N content   

Both N14 and CP72-2086 had the greatest (P≤0.05) leaf N content under SHS and the least under MS 

(Table 7). The amounts of N in sugarcane plant leaves were influenced by both cropping system and 

sugarcane variety (Table 8).   

Table 7: Leaf Nitrogen of 22 weeks old sugarcane varieties N14 and CP72-2086 grown in Mono-

culture Sugarcane (MS), and after 90 Days RSD Fallow (90DFS), Sunn hemp (SHS), Soybeans 

(SBS) and Velvet Beans (VBS) from 2009 to 2010. Sugarcane crops were planted on 06 May 2009 

(MS), 14 July (SHS), 25 August (90DFS), 23 September (VBS) and 06 October 2009 (SBS).  

Variety Leaf Nitrogen Content (%)   

 MS  90DFS  SHS  SBS  VBS  LSD0.05 P value 

N14 2.25  2.64  2.78  2.37  2.36  0.12  0.05 

CP72-2086  2.25  2.45  2.57  2.26  2.40  0.12 0.05 

4.6 Cane and sugar yields 

The results of the split-split plot ANOVA for cane and sugar yields of the PC, R1 and the combined 

PC+R1 are presented in Tables 8–10.  In general, replication, variety, nitrogen and cropping systems 

affected cane yields significantly in both 2010 and 2011 (Tables 8–10).  Only the interactions between 

variety and cropping systems on cane yields were highly significant in the R1 and PC+R1 crops (Tables 

9 and 10).  Replication, nitrogen, and cropping systems influenced sugar yields in the PC and R1 (Tables 

8 and 9).  In contrast, the interactions between nitrogen and cropping systems affected sugar yields of 

only R1 and PC+R1 (Tables 9 and 10).  In all cases, the interactions between variety and nitrogen as 

well as variety x nitrogen x cropping systems did not influence cane and sugar yields (Tables 8–10). 

Variety N14 produced higher (P≤0.01) cane yields than CP72-2086 in both the PC and R1 (Tables 8–

11).  However, there were no differences in sugar yields (P≤0.10) of the two varieties (Tables 8–11).   

Nitrogen affected both cane and sugar yields whereas variety influenced cane yields only (Tables 8–10).  

60 kg N ha-1 produced significantly less cane and sugar during both PC crop (P≤0.01) and R1 crops 

(P≤0.001).   The cane and sugar yields produced were in the order SBS significantly 

>MS=SHS>90DFS>VBS.  

http://www.rcz.ac.zw/


10th Zimbabwe International Research Symposium Book of Papers Presented (ISSN: 2412-2386) 

 

Published by Research Council of Zimbabwe   

Website: www.rcz.ac.zw  566 

 

SBS produced the highest (P≤0.001) cane and sugar yields in both PC and R1 whereas VBS produced 

significantly the lowest (P≤0.001) cane and sugar yields (Table 12).  N14 and CP72-2086 in the SBS 

system significantly out yielded (P≤0.001) their cane yields in the VBS (Tables 9 and 10).  Similarly, 

the SBS fertilized at both 60 and 120 kg N ha-1 significantly out yielded (P≤0.01) cane and sugar yields 

of the VBS fertilized with the same rates (Tables 9 and 10).  

Table 8: Split-split plot analysis of variance for the influence of cropping systems on cane and 

sugar yields of the Plant Cane Crop in 2010. 

 Cane Yields Sugar Yields 

Source of Variation DF Means Square DF Mean Square 

Block   3   1,814.7670 **   3 23.050294 * 

Variety   1   3,796.3901 **   1 3.200000 NS 

Nitrogen   1   3,584.5031 **   1 83.722320 ** 

Cropping System   4 28,899.6011 ***   4 453.459424 ***  

Variety x Nitrogen   1      226.1281 NS   1 2.941445 NS 

Variety x Cropping Systems   4      291.3948 NS   4 5.847181 NS 

Nitrogen x Cropping Systems   4      293.5941 NS   4 6.193251 NS 

Variety x Nitrogen x Cropping Systems   4        87.1853 NS   4 1.717851 NS 

Error 57       334.0122 57 7.283427 

NS, *, **, ***; = Not significant; significant respectively at P≤ 0.05, 0.01, or 0.001. 

Table 9: Split-split plot analysis of variance for the influence of cropping systems on cane and 

sugar yields of the First Ratoon Crop in 2011.  

 Cane Yields Sugar Yields 

Source of Variation DF Means Square DF Mean Square 

Block   3   3,614.7515 ***   3   53.360053 *** 

Variety   1   6,086.5605 ***   1     6.967901 NS 

Nitrogen   1 18,440.6645 ***   1 393.872501 ***  

Cropping Systems   4 33,782.1995 ***   4 539.114619 ***  

Variety x Nitrogen   1         0.5780 NS   1     0.000281 NS 

Variety x Cropping Systems   4     744.8843 *   4   10.104289 NS 

Nitrogen x Cropping Systems   4     939.0083 **   4   21.026189 *  

Variety x Nitrogen x Cropping Systems   4     233.5292 NS   4     2.464569 NS 

Error 57     229.6355 57     6.335206 

NS, *, **, ***; = Not significant; significant respectively at P≤ 0.05, 0.01, or 0.001. 
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Table 10: Split-split plot analysis of variance for the influence of cropping systems on cane and 

sugar yields of the combined Plant Cane + First Ratoon (PC+R1) Crops. 

 Cane Yields Sugar Yields 

Source of Variation DF Means Square DF Mean Square 

Block   3   4162.187 ***   3    47.12129 * 

Variety   1 19607.2 ***   1      0.736749 NS 

Nitrogen   1 38535.71 ***   1    845.809 ***  

Cropping System   4 124885 ***   4 1982.446 ***  

Variety x Nitrogen   1     262.9946 NS   1      3.233926 NS 

Variety x Cropping Systems   4   1936.699 **    4    15.28363 NS 

Nitrogen x Cropping Systems    4   1968.794 **   4    34.23709 *  

Variety x Nitrogen x Cropping Systems    4     196.2612 NS   4      2.915666 NS 

Error 57     556.0409 57    13.35198 

NS, *, **, ***; = Not significant; significant respectively at P≤ 0.05, 0.01, or 0.001. 

Table 11: Plant (PC) and First Ratoon (R1) crops cane and sugar yields of varieties N14 and CP72-

2086 that were grown and fertilized with either 60 or 120 kg N ha-1 at Field Z4 from 2009 to 2011.  

Sugarcane varieties were planted in Monoculture, after 90 Days of RSD Fallow and following 

incorporation of green legumes in 2009.  PC crops were harvested during 2010 whereas the R1 

crops were harvested during 2011. 

Treatment  Cane Yields (t ha-1) Sugar Yields (t ha-1) 

 PC Crop 2010 R1 Crop 2011 PC Crop 2010 R1 Crop 2011 

Variety 

N14  152.1 122.3 20.1 16.4 

CP72-2086  138.4  104.8  20.5  15.8  

P value  

LSD0.05 

0.01 

8.2  

0.001 

6.8  

0.10 

NS  

0.10 

NS 

 

Nitrogen   

60 kg/ha 138.56  98.35  19.26  13.87  

120 kg/ha 151.95  128.71  21.31  18.31  

P value 

LSD0.05 

0.01 

8.2  

0.001 

6.8 

0.01 

1.2  

0.001 

1.1  
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Table 12: Cane and sugar yields of five cropping systems Monoculture Sugarcane (MS), 90 Days 

after RSD Fallows (90DFS), after Soybeans (SBS), Sunn hemp (SHS) and after Velvet Beans (VBS) 

and fertilized with either 60 or 120 kg N ha-1 at Field Z4 from 2009 to 2011.  Sugarcane was planted 

in Monoculture, after 90 Days of RSD Fallow and following incorporation of green legumes in 

2009.  PC crops were harvested in 2010 whereas the R1 crops were harvested in 2011. 

Cropping System  Cane Yields (t ha-1) Sugar Yields (t ha-1) 

 PC Crop 2010 R1 Crop 2011 PC Crop 2010 R1 Crop 2011 

MS  143.9  b 114.3  b 21.7  b  16.6  b 

90DFS  122.1 cd  90.3 c 17.1  c 13.7  c  

SBS  217.7 a  189.4 a 28.3 a  25.1 a  

SHS  133.1 bc 105.8 b  20.1  b  16.1  b  

VBS  109.4  d  67.9 d  14.3 d  9.2 d  

P value 

LSD0.05 

0.001 

14.1  

0.001 

10.7  

0.001 

2.3  

0.001 

0.9  

Within a column means with similar letters are not significantly different at P≤0.001.

4.7 Economic returns 

Partial economic assessments considered only the additional costs for growing legume break crops, costs 

saved from not applying inorganic nitrogen fertilizers and the additional income from the sale of 

soybeans (Table 13).  At both 60 and 120 kg N ha-1 the SBS cropping system produced an average 

income of respectively US$25,916 and US$31,942 whereas the conventional Monoculture Sugarcane 

(MS) earned respectively US$18,755 and US$22,567.  SHS and VBS both produced income that was 

respectively 5.36% and 38.92% below that of MS (Table 13).  The income from 90DFS was about 20% 

below that of the conventional MS cropping system.  

Table 13: Summary partial budgets for five sugarcane cropping systems incorporation growing 

soybeans, sunn hemp, and velvet as a break crops from May 2009 to December 2011.  Plant Cane 

crops were harvested during 2010 and First Ratoon crops were harvested during 2011. 

Cropping N Sugar (t ha-1) Income (US$/ha)* 

System (kg/ha) PC R1 PC R1 Total 

MS 60 20.17 14.56 10,586.63   8,168.16 18,754.79 

 120 23.25 18.47 12,205.73 10,361.67 22,567.40 

90DFS 60 15.56   11.741   8,170.58   6,586.70 14,757.28 

 120 18.54 15.59   9,731.40   8,745.99 18,477.39 

SBS 60 27.01   20.923 14,178.15 11,737.80 25,915.95 

 120 29.62   29.218 15,551.03 16,391.30 31,942.32 

SHS 60 20.02 14.03 10,512.60   7,870.83 18,383.43 

 120 20.20   18.038 10,606.58 10,119.32 20,725.89 

VBS 60 13.56     8.093   7,121.10   4,540.17 11,661.27 

 120 14.94  10.22   7,845.08   5,733.42 13,578.50 

*Mill Door Price for sugar in 2010 was = US$525/ton and in 2011 was = US$561/ton. 
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DISCUSSION 

Sunn hemp, velvet beans and soybeans were sown on 06 May 2009 and were incorporated into the soil 

respectively on 09 July, 14 and 17 September 2009.  Velvet beans, soybeans and sunn hemp accumulated 

respectively 14.3, 8.685 and 1.73 t ha-1 of dry matter at incorporation (Table 6).  These legumes could 

have produced more dry matter had they not been grown during winter months. Velvet beans and sunn 

hemp grow vigorously in tropical and subtropical areas and produce large amounts of biomass (28, 29, 

30, 11).  The increase in soil pH which appeared related to cropping systems (Table 2) was attributed to 

the release of bases after decomposition of the legume biomass.  Several factors within the cropping 

systems that were tested combined to contribute to the changes in soil available N, P and K.  Legumes 

are known to extract nutrients which are normally inaccessible and incorporate these into their biomass 

and, on decomposition of the biomass, the nutrients are released into the soil.   

We surmised that the increase in soil available N came from N fixed by legumes.  Similar increases in 

soil N after a legume crop were reported elsewhere (31, 11).  Studies using N-isotopes indicated that 

after harvest of the soybean seed, soybeans contributed little if anything to total soil N (32).   

This was evident from the leaf N of subsequent sugarcane crops (Table 7).  We attributed the increase 

in available soil P only among soybean plots could be that soybeans took up phosphate from less labile 

fractions into their plant biomass and even in excess for own need (33). The increase in available soil K 

was because K is not a constituent of any plant part despite it being a major nutrient element.  Upon 

decomposition of the green legume plants, which were incorporated into the soil, all the K from the 

legume biomass was released into the soil.  Other researchers reported an increase in the levels of 

available K after a legume crop (31).  An increase in K has been attributed to the organic components 

of the green manures (34).  Sunn hemp amendments were shown to enhance free-living nematodes in 

the soil that were involved in nutrient cycling (35), thus increasing available nutrients for uptake.  

Initial SOM in Field Z4 was very low averaging 0.74% in the top 0–30 cm and 0.65% in the 30–60 cm 

(Tables 2 and 3) because for over 20 years the field was grown to successive crops of monoculture 

sugarcane that was burnt before harvesting.  Frequent tillage, periods of bare ground, and removal of 

crop residues were reported to contribute to reductions in SOM (36, 37).  Compared to the initial SOM 

in Field Z4, SOM had increased by 13.5% immediately after incorporation of green legume plants, by 

70% at harvest of the PC crop and by 21% at harvest of the R1 sugarcane crop (Table 3).  Hirpa et al. 

(31) reported an overall increase in SOM by 17.48% over mid-vegetative stage, when legumes were 

incorporated into the soil at pod-setting stage.  Legumes increased SOM.  However, average SOM 

remained very low because the legumes were grown for a single season.  Soil organic matter content 

declined during the first ratoon crops (Tables 2 and 3). 90DFS produced the lowest SOM (Table 3).  

Continued burning of sugarcane crops prior to harvesting will reduce any gains in SOM content.  For 

sustainable sugarcane production, planting legume break crops is a better option than either leaving the 

field fallow or practicing monoculture sugarcane cropping. 

Crops of sunn hemp, velvet beans and sugarcane slightly increased the numbers of nematodes in the 

soils (Table 4) but, with reduced diversity.  It has been reported that fallow legumes reduced the number 

of grass specific nematode pests (23).  Sunn hemp and velvet beans exude toxic compounds against key 

nematode pests (38, 39).  Very few nematode species infest legumes; thus growing of leguminous crops 

could be used to control nematodes infestations in crop production systems.   
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Sunn hemp increased the population of non-parasitic nematodes in the soil, indicating improved soil 

health.  In contrast, velvet beans increased the population of Helicotylenchus sp. a root ecto-parasite.  

This information is useful when selecting legumes as break-crops in sugarcane production systems.  

Soil microbial biomass is the part of SOM that constitutes living microorganisms smaller than 5–10 µm 

and consists mostly of bacteria and fungi (36). Soils in Field Z4 had variable densities of CFUs (Table 

5).  Microbial biomass increased immediately after ploughing under the legume crops and peaked four 

days after harvesting the sugarcane plant crops (Table 5).  The top soils generally had more CFUs per 

unit weight of soil compared to 31–60 cm depths though the differences were smaller than those reported 

in literature (37, 40, 41).  About half the microbial biomass was reported to be in the top 10 cm of a soil 

profile (27) and generally up to 5% of the total organic carbon in the soil was in the microbial biomass 

(42).  

The size and distribution of microbial biomass was also influenced by soil properties such as pH, clay 

content and the availability of organic carbon (43, 27).  In this experiment, the distribution of microbial 

biomass could have been affected by the ploughing and discing to incorporate the legumes and to prepare 

the field for planting of sugarcane.  Numbers of microbial biomass are not stable. They fluctuate 

depending on environmental conditions preceding and on the day of sampling (27, 40).  Storage 

conditions of sampled soils also change the biomass counts. Soil samples in this experiment were stored 

at 4°C for four to 10 days before transporting to the Tobacco Research Board’s Kutsaga Research Station 

for culturing and assessment.  

The trends of microbial biomass were similar to those of SOM. Velvet beans and sunn hemp sustained 

the largest biomass while soybeans had lower densities of microbes, which could be cultured.   Fallowed 

areas had the least SOM and also the lowest microbial biomass.  Retaining crop residues instead of 

burning would increase microbial biomass in the soil by increasing the amount of available organic 

carbon (44).  

critical level (Table 8).  The luxurious levels of N in sugarcane leaves could be attributed to N fixed by 

the legumes, mineralization and applied N fertilizers.  N14 took up more N than CP 72 -2086 in the 

SHS.  MS had the least N content in both varieties indicating the importance of N from the legume 

crops.  Benefits of growing legumes in rotation with sugarcane include recycling of nutrients and 

addition of N from biological fixation (45, 9).  Leguminous green manures have been shown to improve 

sustainability of sugarcane production systems through improved soil physical properties (20, 21) and 

by increasing soil organic matter (15, 16, 23).  

Replication, nitrogen, and cropping systems influenced sugar yields of the PC and R1 crops (Tables 8 

and 9).  In contrast, the interactions between nitrogen and cropping systems affected sugar yields of only 

the R1 and PC+R1 crops (Tables 9 and 10).  Field Z4 was very variable with gravelly areas, which were 

blocked to include all treatments.  Cane and sugar yields produced by the five cropping systems tested 

were in the order SBS significantly >MS=SHS>90DFS>VBS.  SBS produced superior cane and sugar 

yields in both PC and R1 crops whereas VBS produced significantly the lowest sugar yields (Table 12).  

The average cash income from SBS was 40.02% over that from the conventional monoculture sugarcane 

cropping system.  Other economic benefits of green manure over a weed fallow were a decreased risk 

of weed seedbank with associated costs of weed control and yield losses in the following years of 

sugarcane production.   
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Break crops were reported to improve sugarcane yields and to also provide income to sugarcane growers 

(17, 18, 19, 13).  In Australia, whole-farm gross margins were 20-30% higher in the green manuring 

system than in the monoculture sugarcane system (6). 

Costs incurred during growing of break crops were ascribed to land preparation, herbicides, irrigation 

water, weeding and harvesting.  Two to four months were lost waiting for sunn hemp and velvet beans 

to flower or soybeans to be harvested. The SHS provided similar income as the MS (Table 12).  Despite 

that, sunn hemp produced less than optimum dry matter because it was grown out of season.  Both the 

VBS and the 90DFS cropping systems provided income that was below that from monoculture 

sugarcane lending credence to cane growers’ aversion to adopting fallowing for control of RSD.  It was 

not clear why velvet beans depressed sugarcane yields during the first two cropping seasons.  The 

authors are convinced that if the legumes had been grown during an ideal season, the results would have 

been different from those presented in this paper.   

We recommend that for soil health and sustainable production of sugarcane, cane growers should plant 

appropriate legumes during the correct seasons for optimum growth of the legume crops. 
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ABSTRACT 

It is a well-known fact that agricultural extension – including training, guidance and education, go a 

long way in capability building amongst farmers, enabling them to improve the agricultural productivity, 

manage the rising production costs and address agricultural sustainability issues in an efficient manner. 

Today, increasing attention is focused upon the impact farming practices are having on the environment 

and there is an increasing emphasis on more sustainable methods of crop production. Systems need to 

be adopted that are more sensitive to environmental issues, genetic diversity, wildlife and their habitats 

and in some cases the social structures of rural communities. Furthermore, consumers around the world 

are more sophisticated and critical than in the past, demanding to know how and what has been used to 

produce their agriculturally derived products. Hence, a holistic and structured certification programme 

named SAP (Sustainable Agricultural Practices) Training Program for improving farm productivity 

and Quality through provision of agricultural extension services in the key production landscapes of 

tobacco is being implemented by ITC Limited. The concept of Sustainable Agricultural Practice (SAP) 

aims at embedding sustainability in all the practices the farmers undertake.  

1. INTRODUCTION  

Several emerging challenges confront Indian farmers. These include limited land and water availability, 

which is further exacerbated by degradation of natural resources.  In order to address these issues ITC 

Limited has conceptualized first of its kind Sustainable Agricultural Practices (SAP) farmer certification 

training Programme for Indian growers. Training improves the profitability of the farm operation by 

improving technical skills, knowledge, attitudes, behaviours and production efficiency. The Green 

Certificated SAP Training Program provides the farmers the knowledge and skills necessary to succeed 

in a sustainable farming [1]. 

  

Figure 1: SAP Certificate 

2. OBJECTIVE:  

The concept of Sustainable Agricultural Practice (SAP) aims at embedding sustainability in all the 

practices the farmers undertake.  
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The certified training program will bring out Sustainable Green Certificated Farmers with skills and 

capabilities to produce a quality tobacco crop while protecting and sustaining the natural resources like 

soil, water and biodiversity. 

 

Figure 2: SAP Logo 

3. METHODOLOGY 

The Farmer Training Program proposed is a 2 day intensive program for aspiring farmers that 

advocates and provides a hands-on, skill-based education in sustainable agriculture practices. The full-

time program offers participants the unique opportunity to manage their own growing site. The program 

is designed in such a way that it will provide an intense, supportive experience where participants leave 

with a Certificate in Sustainable Farming, a deeper understanding of agricultural management and 

small-scale farming. The training program comprises of four stages as mentioned in the figure below.  

 

 

Figure 3: Process of SAP 

Training: All the farmers will undergo a comprehensive training program covering all the elements of 

good agricultural practices from domain specialists. 

Certification: At the end of the training program, the farmers will be certified as sustainable tobacco 

growers. 

On field Assessment: In order to track the impact of the training program, an on field impact assessment 

study will be carried out for the certified farmers to check the adoption levels [2]. 

Rewarding: The best farmer out of the impact assessment study will be rewarded.  
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3.1 KNOWLEDGE PARTNERS: 

Farm training is one of the most important elements of any farmer certified training program. It provides 

an opportunity to update farmers on the latest technology, crop advancements, and address the value of 

good agricultural practices.  

 

Figure 4: Knowledge Partners 

ITC R&D, Crop Development, Industry groups, Institutions, Universities, Government Agencies, NGO 

and Private Consultants are involved in the training program for creating a holistic value in terms 

Sustainable Agriculture, Community Empowerment and Farmer Profitability 

3.2 FOCUS AREA 

The training program would provide continuous training and education in all the elements of SAP to 

ensure that everyone involved in the crop is aware of its importance on industry expectations, safe 

working conditions, child labour prevention, proper agrochemical handling, application, storage and 

disposal, variety integrity, soil and water management, crop management, IPM, NTRM, forestation, 

curing and barn management, on-farm proper tobacco handling, grading and storage [3].  

Sustainable Crop Management:  

Crop Management forms the framework of tobacco production and requires the implementation of 

acceptable agronomic and environmentally sustainable practices from planning to post harvest in order 

to achieve the production of the type and style of tobacco leaf desired [4].  

Sustainable Natural Resources Management 

Natural resource management refers to the utilization of soil, water, fuel with a particular focus on 

implementing practices that promote agricultural sustainability.  

Social Development 

Socio-Economic Issues consists of items that are both directly and indirectly linked to tobacco 

production.  

4. RESULTS & FINDINGS 

4.1 SAP Training Program – Pilot Implementation: 

Progressive farmers from 11 Tobacco Auction floors in Mysore region in India participated in the 

training program and were certified and selected as the center of excellence growers  
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(Champion Farmers), who will in turn propagate and transfer the knowledge attained during the training 

program to the other farmers in their villages. The training program conducted is an organized and 

structured event with presentations, video visuals and group activity. The training program was made 

more interactive and provided hands on experience to the farmers on sustainable and recommended 

farming practices. The farmers were divided into four different groups and internal competition was 

conducted for the groups where the winning team was awarded with gifts. At the end all the 55 farmers 

who attended the training program were certified as Sustainable Green Tobacco Farmers at the end of 

the workshop. The farmers were given a certificate authorized by the knowledge partners of SAP as 

shown in the picture below. 

 

Figure 5: Sustainable Grower 

4.2 IMPACT ASSESSMENT  

An impact assessment study has been undertaken for all the farmers who have attended the training 

program and the following is the metrics developed for the study [5].  

S.No Parameter Metric 

1 Farmer know-how & Outreach # of farmer covered by various programmes 

2 Farmer adoption levels # of farmers adopting technologies & best practices 

3 Improvement in Farm Productivity Increase in average farm yield (Kg/Ha) 

4 Improvement in Product Hygiene Reduction in NTRM Count and CPA residues  

5 CONCLUSION 

It is a well-known fact that agricultural extension including training, guidance and education, go a long 

way in capability building amongst farmers, enabling them to improve the agricultural productivity and 

address agricultural sustainability issues in an efficient manner. Hence, a holistic and structured 

certification programme named SAP (Sustainable Agricultural Practices) Training Program for 

improving farm productivity and Quality through provision of agricultural extension services in the key 

production landscapes of agriculture in India is being implemented by ITC limited. This training 

program mainly aims at developing certified trained farmers or center of excellence growers in the 

growing villages, who will in turn propagate and transfer the knowledge attained during the training 

program to the other farmers in the villages.   
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ABSTRACT 

One dominant issue in the controversial debate on post-independence land resettlement in Zimbabwe 

has been the effectiveness of resettlement and possible solutions to challenges experienced. Land 

resettlement goes a long way in empowering Zimbabweans in line with ZIM-ASSET but issues of 

sustainability arise when challenges concerning land resettlement are experienced as is happening today. 

This study investigates the perceptions of Model A farmers in Chikomba in an effort to establish these 

challenges and solutions. The objectives of the study were to establish the challenges experienced by 

farmers of Model A in Chikomba Resettlement Scheme and possible solutions and to determine the 

impact of the Model A resettlement scheme in Chikomba. A case study was carried out using fifteen 

respondents who were selected purposively from settlers in eleven villages. Data were collected through 

interviews and on-site observations. Data was analyzed using descriptive statistical analysis. It was 

found out that farmers in Chikomba Resettlement Scheme prefer to be settled in the Model A 1 

resettlement programme but were experiencing many social, political and economic challenges. 

Population pressure on these schemes has led to unsustainable use of natural resources resulting in 

serious environmental degradation. It is however possible to bring harmony to these settlers through 

provision of vital services and resources, introducing local fund-raising (income generation) and fund 

serving schemes to promote self reliance, effective implementation of environmental management 

policies and regulations. 

Keywords: Resettlement model, sustainability, perceptions, empowerment, environmental 

management, land tenure  

1. INTRODUCTION 

Land resettlement has been a major political, social and economic post-independence phenomenon. Any 

contribution to national programmes like ZIM-ASSET would be incomplete without analysis of issues 

related to land which form the bedrock of Zimbabwe’s liberation and post independence history. This 

study of perceptions of Model A farmers in Chikomba District helps to gain an appreciation of 

government efforts to empower people and change human livelihoods through land resettlement. It also 

explores the perceptions of the resettled people as well as challenges encountered and possible solutions. 

The Zimbabwean economy is extensively diversified with agricultural, mining and industrial output 

although, industry has seen a slump in the past decade. Between 1980 and 1991, Gross Domestic 

Product (GDP) increased by an average of 3,2% per annum while population growth increased by an 

average of 3,4% (World Bank, 1992) (1). Agriculture today contributes more than 11% to the GDP. 

Although the contribution of agriculture appears small, it remains the largest employer in the formal 

sector of the country (Government Gazette, 2013) (2). 
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In colonial days land and the management of resources was entirely in he hands of the colonial 

government. Through legislation like the Land Apportionment Act of 1930, the Land Husbandry Act of 

1951 and other forms of racist legislation, land segregation was institutionalized. The best land was 

taken by the white farmers. Reserves and Tribal Trust Lands (TTLs) were created. At independence the 

Government of Zimbabwe tried to reverse the situation through land resettlement together with 

accompanying legislation like the Land Acquisition Act (1987) with all its amendments. 

The National Land Policy fixed the sizes of the resettlement sub-sector at 8, 3 million hectares for the 

settlement of 162, 000 families. This presented limitation on the effectiveness of resettlement and 

therefore concurrent measures aimed at improving resource utilization and employment in the 

communal areas were implemented. These strategies were in accordance with the thrust on economic 

reform measures and framework for rural development programmes which had to be designed to achieve 

efficiency and correct the balance between equity, productivity and sustainability. It is this spirit that has 

also driven the current Zimbabwe Economic Blue print, the Zimbabwe Agenda for Sustainable 

Economic Development, (ZIM-ASSET). One of its main objectives is to ensure high productivity to 

sustain a growing economy. The resettlement areas, part of which Chikomba is, contribute significantly 

to this cause. 

The Chikomba Resettlement Scheme is a part of the Model A concept which involves individual 

settlements in nucleated villages with individual arable allocations and communal grazing. The number 

of livestock is also dependent on the relevant Natural Region. Land allocation was a top down 

programme where the settlers were given little choice of the areas they would desire to settle on and 

how the land and resources would be managed. This study shows how critical it is to also consider the 

views and perceptions of farmers on how land and related resources could be managed. 

2. OBJECTIVES 

The objectives of this study were to; 

 Establish the environmental problems addressed by the Model A practised at Chikomba 1 

Resettlement Scheme 

 Identify the challenges experienced by farmers of Model A in Chikomba Resettlement 

Scheme and possible solutions 

 Determine the impact of the Model A resettlement scheme in Chikomba on human 

livelihoods and the environment in relation to land degradation, the social status of farmers 

and other ecological problems in the area  

3.0 LITERATURE REVIEW 

The original resettlement programme was outlined in the policy document, “Intensive Resettlement 

Policies and Procedures” of 1980. Zimbabwe has a total land area of 39,6 million hectares of which 33,6 

million are reserved for agricultural purposes while the remaining 6,3 million hectares are reserved for 

national parks, wild life and urban settlements (Moyo, 1991) (3). Chenje et. al. (1998) (4), contend that 

at independence, the new Government of Zimbabwe inherited a skewed agricultural sector consisting 

of three distinct sub-sectors namely:- 
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(1) The large scale sub-sector component owning 45% of the agricultural land. Most of this land lies 

in the high rainfall agro-ecological regions 1, 2 and 3, where the potential for agricultural pro-

duction is very high. 

(2) The small scale commercial farming subsector that takes up 5% of the agricultural land mainly 

in regions 4 and 5. 

(3) The commercial sub-sector that occupies less than 50% of the agricultural land mostly in the low 

rainfall regions 4 and 5 (Government of Zimbabwe, Land Redistribution and Resettlement Pro-

gramme, A Framework for Phase 2, 13 May, 1998) (5). This is the situation the government 

sought to redress through land resettlement. 

3.1 The history of Resettlement Programme Models  

The Land Redistribution and Resettlement Programme was adopted by Government as a strategy to 

redress the situation outlined above. At independence the programme was largely rehabilitative as it 

targeted displaced people, squatters and the landless in overpopulated communal areas. According to 

the land policy of 1990 settlers were to be selected on the basis of need. The target group for translocation 

and resettlement remained the same as that of 1980. Emphasis was put on master farmers and other 

people likely to make maximum use of land and indigenize the large-scale commercial farming sector 

in line with the land policy of 1990. 

The Government set national strategic sizes of various land tenure categories as shown on Table 1. 

Table 1: National Strategic Land Sizes 

Tenure category Area in million of hectares 

(1988) 

Targets as set in the 1990 Land 

Policy (Area in million hectares) 

Large scale commercial 15,5 5,0 

Communal 1,4 1,4 

Resettlement - 8,3 

National Parks 6,0 6,0 

State land 0,3 2,5 

Total 39,6 39,6 

Source: Operational Policies and Procedures 

The land acquired for resettlement was distributed under five models which are described in this section. 

3.1.1 Model A 

According to the AGRITEX Writers’ Group (1984) (6) in Model A, a family was allocated a residential 

stand, a net arable plot of 5 hectares and shared communal grazing for a number of livestock units 

depending on the natural region. The scheme was designed for dry crop farming. According to 

Mupawose and Chengu (1982) (7), the aim was to settle as many people in the shortest possible time 

possible period of time. This would minimize planning and postpone indefinitely the building of 

infrastructure. 
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3.1.2 Model B 

According to the Resettlement Planning Policy and Procedure (1981) (8), this model is collective 

farming in which all farming activities and enterprises are jointly carried out by cooperative farmers on 

highly developed farms. 

3.1.3 Model C 

The model involves settlement along the lines of Model A resettlement combined either with a 

cooperatively run or an Agricultural and Rural Development Authority (ARDA) run. Individual plots, 

generally smaller than a normal Model A resettlement, were allocated to settler families. Grazing land 

was communal (Resettlement Planning Policy and Procedure, 1981) (8). 

3.1.4 Model D 

According to the Land Redistribution and Resettlements Programme (1988) (9), Model D was designed 

for drier Natural Regions 4 and 5 where ranching is most suitable for livestock and wild life farming. 

This model was modified to become the Three Tier Land Use Model which comprised of the Fist Tier 

with a cluster of villages, some arable and social services; Second Tier with a grazing area; and the Third 

Tier with a grazing area for commercial purposes. 

Since 1980, a total of 3 498 444 hectares were made available for resettlement as shown in Table 2.  

Table 2: Land acquired 

Source Area (Hectares) 

Purchased from large scale commercial sector 2 937 215 

Former state land 551 770 

Donations/Derelict 9 459 

Total 3 498 444 

Source: Brief Policy Framework (2000) 

So out of the 3 498 444 hectares committed to the resettlement programme almost 3 million hectares 

were under the Model A Scheme. 

3.2 Definition of the Model A Resettlement Scheme 

Moyo (1995) (10) describes Model A as a villagized type of resettlement where settlers are allocated 

individual residential and arable plots, but share common grazing, woodlots and water points. According 

to Moyo (1995), Model A is based upon the communal lands system where each settler family will 

acquire a land Registration Certificate for grazing and other common uses. The model targeted the 

landless peasants in the communal areas. Its main aims were to reduce civil conflict by transferring land 

from the whites to blacks; provide opportunities for war victims; relieve population pressure in 

communal lands; expand production and raise welfare nationwide; and achieve all this without impairing 

agricultural productivity or aggregate production (Bratton, 1980) (11). Some of the infrastructure to be 

provided for the resettled families were a bore hole per village of 20-25 families; a clinic for 500 

families; a dip tank for every 1 400 herd of cattle: a primary school; village woodlot; decent housing 

unit through the Rural Housing Programme Loan Fund and a service centre (Government of Zimbabwe: 

Operational Policies and Procedures, June 1988) (12). 
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In Chikomba District, the accelerated land resettlement programme was in line with the ZANU PF 

Election Manifesto of February, 1980. In his address to the first parliament of Zimbabwe after 

independence, Prime Minister Robert Mugabe emphasized prioritizing resettlement of those displaced 

by war and those without land who wished to make a living through agriculture (Government of 

Zimbabwe, 1981) (13). By March 1982 resettlement had been completed on twelve schemes covering 

some 363 000 hectares of land and accommodating 5070 families. Among these schemes was Chikomba 

1 Resettlement Scheme in Chikomba District. It is about 15 kilometres South East of Chivhu town. In 

some cases if the headmen was asked to select people for resettlement, they selected ‘misfits’ within 

their villages especially those labelled ‘witches’, ‘prostitutes’, ‘thieves’, ‘murderers’, ‘lazy’ and 

‘foreigners’ (vatorwa) and therefore the unwanted elements of society. This method of selection 

stigmatized individuals and people, therefore, went to be resettled not as a result of their wish but were 

ejected from their former communities. Most of these people were poor with little or no livestock and 

equipment. 

By the end of 1980, 272 settler farmers had been resettled in Chikomba 1 Resettlement Scheme in eleven 

villages. At present the population has increased more than ten-fold thereby increasing the pressure on 

the available resources. There was no plan for managing population growth. In a way, the scheme with 

its noble intentions of land resettlement created even more serious challenges. 

The district was divided into wards with each ward under a Village Development Committee (VDCO).  

At present, the farmers of Chikomba 1 Resettlement Scheme face a number of environmental, social, 

economic and political challenges. 

4. METHODLOGY 

A case study was carried out using fifteen respondents who were selected from the 11 villages using the 

purposive sampling procedure as indicated Table 1. 

Table 1: Respondents: (No 15) 

Respondents Frequency % frequency 

Village 1 2 13,3 

Village 2 1 6,6 

Village 3 1 6,6 

Village 4 2 13,3 

Village 5 1 6,6 

Village 6 2 13,6 

Village 7 1 6,6 

Village 8 1 6,6 

Village 9 1 6,6 

Village 10 1 6,6 

Village 11 2 13,3 

TOTAL 15 100 

 Respondents who were selected for the sample were involved in farming in Chikomba 1 Resettlement 

Scheme and were knowledgeable. In this study data were collected through interviews and observations. 

The study was qualitative since data was collected through interviews and on-site observations. 
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Photographs were taken to show the impact of human activity on the environment. Data were analyzed 

using descriptive statistical analysis. The study utilized land officials, teachers, pupils, parents and 

traditional leaders in Chikomba who were interviewed. It is important to note that this study derives 

conclusions based on both official and unofficial sources which established an interesting balance. The 

data was analysed in relation to themes derived from the objectives of the study. Descriptive statistical 

analysis was also used to interpret data. 

5. FINDINGS 

5.1 Environmental effects of the Model A Programme 

 According to the land redistribution and Resettlement Programme (13 May, 1988) the general 

criticism of Model A resettlement Programme is that it caused environmental degradation.  

PICTURE A: Deforestation 

 

 There is extensive deforestation, serious land degradation, soil erosion and veldt fires are com-

mon as shown on Picture A and Picture B. Asked why people cut down trees most indicated that 

they had no alternative sources of fuel. There is however lack of ownership among the farmers, 

hence no collective responsibility for the environment.  
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PICTURE B: Erosion and gullies 

 

PICTURE C: Poverty and deforestation 

 

PICTURE D: Burning and polluting the environment 
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 People also burn vegetation when to preparing farming land, hunting escapades and failing to 

control the fires.  Interviews and onsite observations revealed that many people were ignorant of 

the dangers of fires to the environment like destruction of wild life. Some wild animals are 

threatened with extinction. 

PICTURE E: Veld fires and dam siltation 

 

 Veldt fires and stream bank cultivation resulted in siltation of dams and streams. People preferred 

growing vegetables in wet areas along river banks.  

5.2 The social impact of Model A Resettlement Scheme 

 The alleviation of population pressure has been quite minimal. However without resettlement 

conditions in the communal areas would have deteriorated to worse levels.  

PICTURE F: Overcrowding 
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 Picture E shows evidence of over-crowdedness, with houses packed together. The standard of 

houses also reveals how poor the farmers are. Most of them cannot build descent houses. 

 Most respondents concurred that social problems were a result of congestion in these villages. 

Overcrowding, hunger, poverty, among others were indicated as major problems in the area. 

Five (33,3%) respondents linked dropouts from schools to theft due to worsening poverty. Four 

(26%) indicated that they did not have enough capital to engage in income generating projects 

to sustain their families and resorted to cutting down trees to sell firewood in Chivhu Urban. Six 

(40%) respondents cited over crowdedness as the route cause of social conflicts such as fighting, 

quarrelling and gossiping. Squabbles were also caused by trespassing of domestic animals into 

people’s fields or gardens. 

 Government support through the provision of crop packs consisting of seed, fertilizer and tillage 

services have made the challenges lighter 

 Commendable progress has been made in establishing infrastructure like schools and clinic but 

some households travel for long distances for essential services. A major road rehabilitation 

programme is required for the area.  

5.4 The economic impact of Model A Resettlement Programme 

 Interviews and observations revealed that most farmers were poor without basic possessions like 

scotch carts and livestock. Some complained that the area was suitable for cattle ranching rather 

than crop growing.  

 Despite the social challenges, household income levels for some had certainly increased. Most 

families produced surplus crops and vegetables for sale more than in the communal areas thus 

demonstrating some of the economic success of the scheme. Some small holder farmers appre-

ciated growing specialised crops such as tobacco which they never grew in the past and some 

families have done quite well economically. 

 Most respondents prefered a model which is larger and self contained with an aspect of owner-

ship of land and resources within a given piece of land unlike in the Model A resettlement pro-

gramme. 

5.6 Environmental challenges of Model A Scheme 

 On-site observations around the scheme showed no sign of wild life. Respondents indicated that 

most animals had been hunted down for meat and some like baboons had deserted the area be-

cause of veldt fires. Evidence of veldt fires could be seen in most forests as shown on Picture B. 
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PICTURE G: Veld fires 

 

The state of natural resources in the scheme was not appealing at all. 

 Trees were indiscriminately cut down without any proper regulatory measures for firewood and 

moulding bricks. The presence of brick ovens in many villages was testimony of the amount of 

tree cutting that took place. 

 However, it was observed that there were some gum tree plantations in each village but most of 

these had either very few plants or were littlie cared for as on Picture C 

PICTURE H: Gum tree plantation 
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5.7 Income generating projects in Model A 

 Interview findings showed that there were very few income generating projects in the area which 

included selling fish from the local dam and wild meat which was getting rare (2/13,3% respond-

ents), selling bricks (5/33,3%). Two females indicated that they sold fruits, wild mushroom, to-

matoes and caterpillars (harati). 7 (46,6%) were not engaged in any income generating project. 

This shows that most people in the area either did not have any income generating projects or 

were engaged in illegal income generating activities.  

5.8 Farmers ‘attitudes towards the Model A Scheme 

 Farmers in Chikomba Resettlement Scheme prefer to be settled in Model A 1 resettlement pro-

gramme 

 Although a lot of education has been done to these farmers on the need to conserve and sustain 

the natural resources. However, it is the implementation of these efforts, which is not effective. 

The history of conservation programmes in Zimbabwe has very little participation at the grass-

roots level. 

 Farmers complain of inadequate government support and shrinking farm lands due to growing 

families 

 Resettlement caused a breakdown of family ties and mixing with people of different cultural and 

social backgrounds causing a ‘culture shock. ’It takes a long time to adjust and accept one an-

other as one people. Some farmers feel insecure in these small pieces of land and some have 

already left the model for Model A1 programme 

6 DISCUSSION 

According to Maposa (1995) (14)84% of the people in the communal and resettlement areas are poor 

and are forced to engage in unsustainable activities to make a living. Some cut firewood for sale and 

other uses. 

 Rural economic development is critical for environmental sustainability. It is important that the 

development goes beyond the existing subsistence framework. Land distribution and resettlement needs 

to depend on political, historical and economic considerations. Successful land redistribution can lead 

to diversification of production, the creation of new markets, growth of rural economies, narrowing of 

the income gap and better environmental practice. This results in increased opportunities of the farmers 

not as employees but as entrepreneurs not only in crop production, but also in tourism, hunting and other 

activities. This is only achievable if communities are empowered through giving them full right of 

management and the authority to decide on how to use resources. This should be accompanied by 

appropriate legislation, establishment of community level structures and monitoring measures. There is 

need for more local level management of resources through community management committees in 

consultation with experts from Government, Non-Governmental Organizations and private partners. 

Information on sustainable environmental management needs to be more accessible to the farmers. 

Developing appropriate livelihoods options is not just about greater availability of land but making 

maximum use of the available land. According to Maposa (1995) (14) 84% of the people in the 

communal and resettlement areas are poor and are forced to engage in unsustainable activities to make 

a living. Some people in Chikomba cut firewood for sale and other uses. These findings confirm the 
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observation made by the Land Redistribution and Resettlement Report of 13 May, 1988 that Model A 

Resettlement Programme caused environmental degradation. In other words the poor farmers are both 

victims and unwilling agents of environmental damage. However, successful land redistribution can 

lead to diversification of production, the creation of new markets, growth of rural economies, narrowing 

of the current income gap and better environmental practices. 

The indiscriminate cutting down of trees is the underlying reason for the destruction of natural forests 

due to general lack of understanding and knowledge about the advantages and value attached to trees 

and plant growth. This shows the need for education and awareness programmes for settler farmers. The 

Chikomba Resettlement Scheme demonstrates the unfortunate negative relationship between population 

pressure and strain on the environment. 

7 CONCLUSIONS  

 It was possible to bring harmony to these settlers through provision of vital services and re-

sources, introducing local fund raising (income generation) and fund serving schemes to promote 

self reliance, effective implementation of environmental management policies and regulations. 

 While resettlement of people was a great idea to improve human livelihoods, it needs careful 

planning. The Chikomba A Resettlement Scheme did not bring much social and economic ben-

efit to most of the settlers. This is the reason why some of the farmers were deserting the area 

for their original homes. 

8 RECOMMENDATIONS 

 Dealing with the perceptions of the marginalized who are the settlers in such areas can help 

or promote productivity than to import ideas into the area 

 Concentrate research on using local inputs such as cow dung where cattle are available, 

organic manure and indigenous ways of preservation (pesticides) 

 There is need for education on fire control measures. There is also need to strengthen the 

legislation formulation and implementation processes, hence the slogan “Not creating more 

but wasting less”. 

 More environmental awareness programmes should be mounted in such areas 

 Shifting to self contained programmes like Model A1 

 Sustainable forestry harvesting, sell of forest products and crocodile farming 

 Issuing of title deeds to farmers 

 Include issues on environmental management in the curricula of schools  
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47.  Characterisation and Biodiversity Conservation of Bambara Nut - Vigna 

Subterranea: Experiences from Mutoko District of Zimbabwe 

D. Mwenyea, O. Chipfundeb and   R. Musangob                                                                                                               

a(Department of Agricultural, Technical and Extension Services-Zimbabwe).           
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ABSTRACT  

A study on characterisation and biodiversity conservation of bambara nut was carried out in three main 

farming sectors namely Communal Area, Resettlement Area and Small Scale Commercial Farming Area 

of Mutoko district in Zimbabwe. The main challenges faced by small holder farmers in bambara nut 

production include biodiversity loss of land races, loss of cultural knowledge on landraces, limited 

agronomic knowledge on bambara nut production, negative perceptions on bambara nut as a source of 

livelihoods. The aim of the study was to create awareness on bambara nut characterisation and 

biodiversity conservation. Both quantitative and qualitative approaches were employed in the 

descriptive and exploratory study.  Laboratory characterisation as per IPGRI recommendations were 

also carried out. Results indicated an increase in quantity and diversity of landraces and accessions for 

both in-situ and ex-situ conservation. The study contributes to ZimAsset cluster on food security and 

nutrition by promoting minor crop production and also seed security. 

Keywords: Nutrition, biodiversity conservation, bambara nut, small holder farmers 

1. INTRODUCTION/BACKGROUND 

The subject of biodiversity conservation of traditional crops for food and nutritional security is promoted 

in agricultural extension to a limited extent (1, 2). This has negatively affected production of grain 

legumes such as bambaranut which are considered of less economic importance yet their role in food 

and nutritional security is important. Moreover reduction in cropping contributes to biodiversity loss 

and loss of cultural knowledge amongst other things.   According to (1) three quarters of varietal genetic 

diversity of agricultural crops have been lost over the last century, As a result of biodiversity losses, the 

majority of humans are now living off a maximum of 12 plant species, compared with 100 000 edible 

plant species during the past (2). Hence the need to focus on diversity conservation of traditional crops 

such as bambaranut. 

Bambara groundnut or bambaranut is a grain legume which originated in the Sahelian region from the 

Bambara tribe, who now live in Mali, West Africa. ( makamba 2008, Shegro, 2013 ).Vigna Subterranea 

(L) is an indigenous grain legume grown mostly by subsistence women farmers in drier parts of Sub 

Saharan Africa (2). It belongs to the Fabaceae family and it is an indeterminate annual crop that grows 

to a height of 0.3 m and is characterised by different growth habits. Bambara has a growth cycle of 

between 90 -170 days.Under optimal conditions the cycle is 120-150days to pod maturity. Bambara nut 

has a number of advantages over other grain legumes which include the high seed value for both 

economic and nutritional benefits. Protein content ranges from 16- 25% (2) which compares well with 

other protein sources such as livestock based proteins. 

Production is still low as a result demand for bambara groundnut outweighs supply in most areas (5). 

Yields of landraces are generally less than a ton per hectare in comparison to improved varieties which 
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can achieve more than two tons per hectare (2).Contributing factors to low production include  lack of 

relevant breeding and agronomic information, use of local landraces whose characteristics are not well 

documented, lack of biodiversity conservation, inconsistency in characterisation of landraces, farmer’s 

poor perceptions in bambara nut production and lack of acknowledgement of local knowledge systems 

and heterogeneity in bambaranut land races. A study by (6) showed that local landraces are so 

heterogeneous that more than 10 different types of bambara groundnut were found in a single crop 

grown in a particular area or even on one farm. 

Attributes for characterising bambaranut are many. The International Plant Genetic Research Institute 

(IPGRI) now known as Biodiversity International provides criteria and attributes for characterisation 

based on pod and seed colour, pod shape, days to 50% flowering; shelling weight; pod shape and growth 

habit. The focus of characterisation in this study was on the following attributes: pod shape, pod colour, 

growth habit, colour of testa. Community attributes of characterisation were based on colour of testa, 

shape of the eye and general seed appearance. 

2. OBJECTIVES 

The main objective of the study was toimprove biodiversity conservationof bambaranut, as a minor crop 

for food and nutritional security. 

1. To collect bambaranut samples forbiodiversity conservation 

2. To document bambaranut characteristics as perceived by communities. 

3. To characterise landraces using the IPGRI guidelines 

4. To assess the constraints and opportunities in biodiversity conservation of bambaranut 

3. METHODS/METHODOLOGY 

The study is descriptive and exploratory  in nature to raise awareness on the need for onfarm 

conservation.The methodology used is guided by concept of biodiversity conservation and IPGRI 

characteristics (7) 

3.1 Conceptual framework 

Agro biodiversity  is defined as the variety and variability of animals, plants and micro-organisms that 

are used directly or indirectly for food and agriculture, including crops, livestock, forestry and fisheries. 

It comprises the diversity of genetic resources (varieties, breeds) and species used for food, fodder as 

well as the diversity of the agro-ecosystems (5). Local knowledge and culture are considered as integral 

parts of biodiversity as it is the human nature that conserves biodiversity.  

Accession the study considers an accession as a sample of seeds representing a cultivar, breeding line or 

a population, which was stored (8) at an institution or by farmers.  In this study accession is used for 

seed samples stored in the National GeneBank and repatriated to farmers and is also referred to as ex 

situ conserved.  In this study samples conserved and repatriated to the study area were from other 

provinces. 

Landrace is a farmer’s variety, which has not been improved by a formal breeding programme,(9) and 

carries a name from which they were grown since time in memorial. Landraces  have a certain genetic 

integrity, are recognized by morphology, farmers have names for them and different landraces are 

understood to differ in adaptation to soil type, time of seeding, date of maturity, height, nutritive value, 
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use and other properties. Most important, they are genetically diverse (8). The study used the term 

landrace for seed samples collected from farmers, also referred to as on farmconserved seed.   

3.2 Study area 

The study was carried out with 17 farmers from 3 farming sectors of Mutoko namely: Resettlement Area 

(4), Communal Area (4 farmers) and Small Scale Commercial Farming Area (9). The area falls under 

Natural region III to IV and is characterised by unreliable and unpredictable rainfall patterns. Farmer 

selection was based on farmer experiences in bambaranut production, participation in agricultural show 

displays and willingness and interest to participate in the research. 

3.3 Research approach and design 

The study employed both qualitative and quantitative approaches. The research design adopted a 

pragmatic approach recognising the strengths of both qualitative and quantitative approaches. The 

qualitative research designs included ethnography and case studies. In this case communities 

participated in the research by sharing experiences in bambaranut diversity. A semi structured interview 

guide was used to create data on community attributes of characterising bambaranut. This was supported 

by observation and informal discussions with key informants. The key informants included extension 

agents, stakeholders and traditional leader leaving in the community. 

The quantitative research design was a quasi experimentin the form of farm demonstrations /trials. A 

quasi experimental design (10) was chosen because pre-selection and randomisation of seed samples 

was difficult given the limited resources and also because of the scope of the studywhich promoted 

diversity amongst farmers from different farming sectors. 

Seventeen, 17 demonstrations/ trials were established with 17 farmers from the 3 farming sectors. Two 

plots measuring 12m2 each were demarcated on farm.The main variable was source of seed; either ex 

situ conserved or in situ(on-farm) conserved. The ex situ conserved plot had six rows identified by 

different accession numbers from the National Gene Bank.  The in situ conserved plot had also 6 rows 

of landrace as named by the farmer. In each row 10-20 seeds were planted depending on the quantity 

within a sample. A plant spacing of 45 cm between rows and 20 cm within rows was 

observed.Recommended agronomic practices at planting, weeding, earthing and harvesting were the 

same on the two plots.  

3.4 Data collection and analysis 

Data collection included date of emergence, date of first flowering, growth habit, production in 

grams/landrace or accession of dry bambaranut at harvesting. This was followed by laboratory 

characterisation focusing on pod shape, colour and pod to weight ratio. Diversity in characteristics of 

land races was analysed using descriptive analysis in Scientific Package for Social Scientists(SPSS). 

The responses were tabulated, weighted and given a relative score to represent the diversity in attributes. 

Samples of bambaranut were collected from both ex-situ conserved and in situ conserved landraces 
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4. RESULTS  

4.1 Collection of samples to increase diversity under conservation. 

Table 1 changes in samples of bambara nut after one season of collection  

 Ex situ conserved  -National Gene 

Bank 

In situ (on- farm) conserved 

from Mutoko farmers 

Input 102 samples 108 samples 

 

Output 30  samples  from origin 

And 45 samples from farmers 

 

Total samples conserved-75 

 

45 samples from origin 

And 30  samples from gene bank 

On average samples increased 

from 6- 12 

Outcome Increased diversity of bambaranut 

seed conserved at the national seed 

bank 

Increased diversity of 

bambaranut seed at household 

level for multiplication and 

conservation 

loses of samples were incurred amounting to 71 %  (Table 1), probably due to the poor germination. 

Other loses enquired in the field were due to wild animal predation, pests and diseases, poor management 

and unfavourable weather conditions.  

4. 2.  Characterisation of Bambara nut  

4.2.1 Community characterization 

The results indicate farmer’s perceptions on different characteristics based on positive and negative 

attributes, classification according to seed colour, colour of the bambara nut eye and traditional names 

associated with animal like characteristics.

 

 

 

 

 

 

 

 

 

 

 

 

Fig 1. 10 different land races grown by onefarmer in the Small Scale Commercial farming Area of 

Mutoko 
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Table 2 Categories of Classification of land races by farmers 

Description Characteristics 

Dark coloured land races 

Black Big kennels easy to cook. Taste is not very good , but usually grown for show 

displays 

Black spotted Productive; 2-3 seeds/pod; early maturity and easy cooking 

Brown Productive 

Red Big size;  2 seeded; ideal for local soil conditions 

Brown tumbe Productive early maturity 

Brown spotted  Yellow testa; early maturity; easy to peel; preferred by consumers 

Light coloured land races 

Chipofu Good taste  can be used as a relish; uniform maturity; productive 

Cream Productive. Good food consumed as fresh; good for show displays 

Cream red eye Versatile can grow in any soil type 

Cream white Productive early maturity; big pods 

Musodzi Good for show displays 

Yellow Productive preferred by consumers 

Musodzi red Productive easy to peel 

Chirisa Productive; drought tolerant 

Cream white eye Preferred by consumers; good for marketing 

Hokoyo Good taste; purple colour 

Musodzi black Big size 

Zindengenda Big seed 

Animal like characteristics 

Zamurembwa Big seed; nutritious; productive; big pods however number of pods per plant is low 

Ziso rakondo Big seed good for selling as fresh 

4.2.2 Farmer‘s perceptions on bambara nut characteristics  

Farmer perceptions were recorded from a positive and negative perspective as listed: 

4.2.2.1 Positive characteristics  

 Uniform maturity on the same plant 

 2-3 seeded pods like in zamurembwa 

 Big seeded, marketable and high yielding  characteristic of  chipofu and zamurembwa 

 Plant diameter not less than 30cm –semi spreading  characteristic of  cream white 

 Highly productive and good taste characteristic of musodzi 

 All nuts taste the same irrespective of colour.Tolerance to diseases characteristic of cream 

white and zamurembwa 

 Tolerance to pests characteristic of red coloured landraces 

4.2.2.2 Negative characteristics 

 Black and red coloured nuts not preferred by women because they stain pots 

 Bambara grows well on virgin land hence decreased production due to shortage of ideal land 

 Red coloured bambara nuts have a nasty taste when mature and dry 

 Black pods with red seeds not marketable because they tint the hands during peeling 

 The landrace zamurembwa requires fertile soil and is not easy to grow in the infertile soils. 
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 Bambara nut from   an unfertilized plot tastes better than from a fertilized plot 

 Taste depends on colour. Light coloured nuts taste better than dark coloured nuts 

Despite the negative attributes of bambara nut, farmers cited that they would continue to grow bambara 

nut. The table below shows what motivates farmers to continue growing bambaranut. 

Table 3 Motivation to continue growing bambara nuts 

Factor Comment Rank 

Food security and nutrition Bambara is  a wholesome and nutritious food that should 

not go into extinction 

1 

Income generation Fresh bambara provides with an early marketing 

window before other crops are ready for harvest. Prices 

are higher than those of other legumes on the market 

2 

Self esteem  One can win prizes at agricultural show displays 3 

 Social-Passion/habit Traditional and cultural practice inherited from mothers 

and mother in laws. 

4 

4.3 LABORATORY CHARACTERISATION  

Laboratory morphological characterisation of bambaranut landraces was presented in tabular form. The 

characterisation was guided by the descriptor list of bambara nut (IPGRI, 2000).The scores at the end 

of each table give a general trend of the characteristics of the landraces.  

4.3.1 Pod texture, pod colour and pod shape of landraces from Mutoko district 

Table 4: matrix scoringattributes of pod texture, pod colour and pod shape of bambaranut 

 Pod texture Dry Pod Colour 

 

Pod Shape 

 

Range/indicator 1 2 3 1 2 3 4 1 2 3 4 

Black 1  1 2       2 

Brown 1          1 

Chipofu 2 1 1 1 1  1 3 1   

Chirisa   1 1       1 

Cream/white   3 2 1   1 1  1 

Mua  1  1     1   

Musodzi 1 3 3 3  1  2 4  1 

Mutowenyemba 1   1      1  

Red 1 1 1 1 1  2 2 1 1 1 

Spotted 1 3 2 3 1   2   4 

Tumbe 2 2 4 5    4  1 3 

Zamurembwa  1 1 2    1   1 

Ziso rakondo  1  1    1    

Ziso rehuku  1  1      1  

Ziso remombe   1   1   1   

Total 10 14 18 22 4 2 3 16 9 4 15 

Key from descriptor list (7) 
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Pod Texture –PT : 1  smooth  2  little grooves  3 . much grooves 4   much folded 

Pod colour –PC: 1 yellowish 2 brown   3 Reddish brown   4 purple 5 black 

Pod shape –PS:  

1. without a point 

2. Ending in a point, round on the other side 

3. Ending in a point with nook on the other side 

4. Ending in two points on each side 

Results indicate that pod texture is not stable and consistent for a particular landrace hence difficult to 

recognise a particular land race by pod texture.A yellowish pod colour was consistent with 14 of the 15 

landraces with a score of 22. The main pod shape of landraces included pods without a point and pods 

ending in two points on each side for 10 of the 15 landraces. 

4.3.2 Growth habit of landraces from Mutoko district 

Table 5: Scoring attributes of bambara nut by growth habit 

 GROWTH HABIT 

  1 2 3 

Black 1     

Chipofu 1 1   

Chirisa     1 

Cream/white 1 1   

Musodzi   2 1 

Red 1 2   

Spotted 1 1 1 

Tumbe 2 2 1 

Zamurembwa   1   

Ziso remombe     1 

Total 7 10 5 

Key from descriptor list of bambara nut (7) 

Growth Habit –GH 1     bunch type    2Semi bunch type 3 spreading type 

Growth habits of bunch and semi bunch are displayed for 5 of the land races. Pure spreading types are 

rare and were displayed in only 2 of the landraces  
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4.3.3 Shelling weight % 

Table 6: Score of shelling weight percentage for bambara nut landraces of Mutoko 

  Shelling weight % 

Range/indicator 

less than 10 10.1-12 12.1 -14 14.1-16 

Black 1 1     

Brown     1   

Chipofu 3 1     

Chirisa   1     

cream/white 3       

Mua   1     

Musodzi 2 4   1 

Mutowenyemba   1     

Red 2   3   

Spotted 1 3 1 1 

Tumbe 2 4 2   

Zamurembwa 1     1 

Ziso rakondo 1       

Ziso rehuku   1     

Ziso remombe       1 

Total 16 17 7 4 

The majority of landraces 9 out of 15 (Table 6) have a shelling weight percent of between 10-12 

4.4. CONSTRAINTSAND OPPORTUNITIES INCONSERVATION OF BAMBARA NUT  

4.4.1 Constraints and opportunities 

The main constraints reported were summarised under the headings pests and disease, social, climate 

variability, marketing and technical knowledge.  
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Table 7 Constraints and opportunities in bambara nut  production and conservation  

Constraints Opportunities/ Possible solutions 

1. Pests and diseases  

Aphid infestation 

Premature drying ofplant  at flowering stage 

Bird pecking during germination 

Grazing by wild animals 

Use of chemicals such as dimethoate  

Bambara nut is usually grown on virgin land or post 

fallow land 

Wet environment is favourable for aphid control 

Use of scare crows 

Night watching and dog hunting 

Staggering of planting dates 

2. Socio-cultural  

Shortage of land  

Shortage of labour 

Lack of knowledge on benefits of the crop bymen. 

Lack of interest of the crop by women in some 

casesmarried women do not support husbands with 

interest to grow bambara nut 

Women usually are allocated worse unproductive 

land by their husbands. 

Draught power is not availed in time to plough land 

for bambara nut 

Difficult and labour demanding during harvesting 

Identification and negotiating for  suitable land 

annually 

Planting early (dry planting) before the onset of 

season to release pressure on demand for draught 

power 

Discussing as a family highlighting the importance 

of bambara nuts 

Hire in labour 

 

3. Weather and Climate variability  

Bambara nut is susceptible to water logging 

 

 

Late planted crop is better than early planted crop. 

However this is difficult to practice due to weather 

and climate change. Planting is now done whenever 

it is appropriate 

4. Marketing   

Lack of markets 

Competition on the local market  with imported 

bambara nut during the early months of February to 

March 

Reduction in area under bambara nut in preference 

for tobacco production 

 

5. Technical knowledge  

Drying out of leaves after poding especially in fields 

where organic manure is applied 

Lack of fertilizers to apply to  bambara nut 

Low production 

Use of virgin land annually either by opening up 

own new land or borrowing virgin land from others 

Training in bambara nut production 

4.4.2 Questions raised by farmers 

 Why are some landraces attacked by pests  and diseases more than others especially 

landraces from ex situ conservation 

 How do you manage “Nhuta” which destroys most of the underground nuts and tubers. 

 Do we have early maturing varieties of nyimo bambara nut 

 How do I know that this is the best landrace of bambara nut when I see it on the market 

 Do you have plans to have varieties on the market 

 Why do some land races dry prematurely 
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 Why  do land races have different names 

 Why did you demonstrate on small plots 

 Will you give us  bambara nut seed  

 How do you conserve seed in ex situ 

 Why  do we apply lime 

The questions raised by farmers are important as they provide areas for future research and extension. 

DISCUSSION 

The findings show similar results of diversity and variability in characterisation of Bambara nut to 

studies carried out in other countries in Southern Africa (11, 12). 71% loss due to poor germination 

could have been brought about by loss of viability over years. Seeds are conserved in freezers at sub 

zero temperatures of minus twenty one degrees Celsius. The storage conditions are ideal to preserve 

while keeping the seeds viable for long periods of up to 5 years beyond which there is loss of viability. 

Most of the seeds that were repatriated to farmers had been in storage in freezers for more than 5 years. 

The seed was stored findings are supported by studies carried out by (11) of the National Tested Seeds 

of Zimbabwe. Their results indicated that prolonged storage of Bambara nuts for 18 months resulted in 

reduction of germination, delayed germination and the increase of stunted seedlings. 

The national Genebank uses the NTSYs -Numerical Taxonomy Systems software for analysis of 

multivariate data or characterization data which is mostly qualitative data in the form of scores. This 

studyused morphological descriptive analysis using attributes provided by farmers and scored in a 

matrix. The analysed results do not differ much from earlier studies.For instance, whilst characterisation 

from Mutoko was based on size, colour appearance and shape of the eye, In Botswana (13) characterised 

bambaranut according to location and colour. 

Whilst this study focused on few morphological attributes such as pod shape, colour and texture and 

shelling weight due to limited resources, studies in Bukina Faso (14) focused   on 17 attributes including 

tolerance to drought, high temperature and rainfall, reasonable resistance to pests and diseases, high 

yielding potentials, and nutritional values   but obtained low variation as seed was collected from the 

same region. Hence this study increased diversity and variability on bambaranut by working with 

farmers from three farming sectors which differ historically and culturally in terms of farming systems 

 On the other hand it is interesting to note that within the same named landrace attributes differ probably 

due to period of research, location and method of characterisation. Previously, the department of 

CONEX in 1967 distinguished the landraces grown in Zimbabwe then Rhodesia as follows: 

 Black: early maturing, commonly grown throughout the country  

 Spotted: was commonly grown by Shangaans 

 Yellow brown: Stood up best to continuous moist conditions 

 Red: late maturing, best yielder, but most likely to rot in the ground 

 Cream small kernels- a low yielder 

With cultural changes the classifications of bambaranut has also changed over the years. Classification 

differs from community to community. Similarly, the local level naming of bambaranut landraces also 

differ from community to community. For instant In Wedza district AGRITEX officers identified the 
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following names for landraces grown in the district. Chipofu, Madhindiri, Tumbe, Gunguwo, Musodzi 

mutsuku, Musodzi mutema, Dawa and, Porina. (15) The inconsistency in characteristics is evident, for 

instance the department of CONEX described cream Bambara nut from Zimbabwe as a low yielder with 

small kernels whilst Mutoko farmers in 2014 described cream bambara nut as highly productive, good 

for show displays and for food consumption (Mwenye) 

Farmers’ opportunities and constraints cited in table 7 are in line with earlier studies (4) which showed 

high market prices of bambaranut in comparison to other legumes as an opportunity and land scarcity 

and seed shortage as constraints.The diversity in landraces on a single farm is a risk aversion practice 

against total crop failure as practised by Mutoko farmers.(16) confirmed the benefits of  this diversity 

and mixtures of landraces in terms of yield in comparison to monocultures. 

5. CONCLUSIONS 

This study was exploratory and descriptive hence it plays a significant role in informing future directions 

for research of minor crops. Previously, (6) reported the significance of characterisation of landraces in 

hybridisation programmes.The qualitativeattributes used for characterisation of bambaranut in this study 

contribute to the list of attributes studied elsewhere as discussed earlier on in this paper. 

Farmers use a number of indicators to characterise landraces and these differed in the methodologies 

used in the laboratory morphological characterisation. This study confirms that, whilst characterization 

of Bambara groundnut is based on scientific descriptors, participatory characterization of land races also 

play a significant role for crop breeding and biodiversity conservation. The practice of displaying 

different seed varieties at agricultural shows has contributed a lot to the biodiversity conservation of 

land races. Unfortunately within institutions the socio-cultural descriptors of Bambara nuts are known 

by the elderly extension workers and there is very limited documentation (1). 

A number of countries conserve bambaranut accessions, ex situ in national gene banks or institutional 

banks (17).Rarely are these repatriated to communities for multiplication and production. This study 

indicates the need for periodic repatriation of conserved seed samples in order to avoid losses after long 

duration of storage. 

 The study is in line with the Zimbabwe Agenda for Sustainable Social Transformation- Zim Asset 

cluster onfood and nutritionand at the same time itaddresses issues of community empowerment and 

seed sovereignty.  

6. RECOMMENDATIONS 

Food and nutrition 

 There are a number of ways in which bambaranut can be consumed, however how the 

different landraces meet culinary requirements for households is yet to be established. 

 Minor crops grown locally should be included in food handouts of vulnerable people 

Empowerement of communities  

 Periodic repatriation and exchange of conserved seed between the major stakeholders –

National Gene Banks and farmers. 

 The results of participatory characterisation of landraces should ensure release of farmers’ 

varieties whilst at the same time strengthening their seed systems. 
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 Improvements in the marketing and pricing policies of minor crops should be given a priority 

in government programmes 

Research and extension 

 Further research  on the current systems of classificationby communities through the current 

based on these research findings and classification by CONEX is recommended 

 Further analysis on nutrient content of the different land races is required. 

 Scaling up of research findings to other districts and on other minor crops is recommended 

 Need for molecular characterisation on genetic diversity 

 Need for field experiments to compare how landraces diversify in terms of attributes of 

economic importance such as yield, nutrition content, tolerance to pests and diseases and 

climate change. 
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ABSTRACT 

A survey using structured questionnaires with closed and open-ended questions was carried out to 

explore and explain the factors affecting adoption of forage legume technology introduced by ACIAR 

in 1999 in Zana and Dendenyore districts of Wedza. Thirty respondents from each ward were stratified 

into trained and untrained groups. Results showed that 35.6 % of the farmers in Zana adopted the 

technology while only 33.3 % of previously trained farmers in Dendenyore continued using the 

technology. High labour requirements of growing Mucuna pruriens and Lablab purpureus, shortage of 

markets to sell the seed, lack of monitoring and inaccessibility of fertiliser were the main factors to 

which poor adoption and discontinuance were attributed. Stakeholder support in smallholder livestock 

production to resource-poor farmers can be more effective through participatory approaches to achieve 

widespread and long-term benefits of adopting forage / browse legume technologies for sustainable 

smallholder livestock production in Zimbabwe.  

Keywords: forage legumes, crop-livestock, fertilizer, resources-poor 

1.0 INTRODUCTION 

Ruminant livestock production among smallholder communities in Zimbabwe is predominantly based 

on rangelands and crop residues (Maarsdop et al., 2004). These are insufficient in both quantity and 

quality, particularly in the lengthy dry season, from April to November when crude protein (CP) levels 

fall to levels as low as 3%. Crude protein levels below 7 % are known to be insufficient for meeting 

maintenance levels of livestock (Murungweni et al., 2004). As a result, animals lose weight and body 

condition. Their productivity decreases while mortality and economic losses increase significantly 

(MJA, 2008). Therefore, providing adequate and good quality feed to livestock to raise and maintain 

their productivity becomes a challenge to farmers (Payne, 2005). 

Smallholder dairy has the potential to increase the milk production base of the country, improve 

household nutrition, and empower women and youth in income generation ventures. It can assist farmers 

to diversify, spread farming risks and create opportunity for idling forage and browse legume resources 

to enter the human food chain thereby, utilising marginal farm resources (Ngongoni et al., 2006). Milk 

production in the dry season declines to as little as 1–2 l / day, limited by lack of adequate grazing and 

supplementary feeds. With legume feeding, however, these production levels can increase to 5–17 and 

2–6 l / day, for summer and winter respectively (Chigariro 2004). These observations are consistent with 

the results from Dendenyore where farmers who had largely depended on bought feeds for pen-fattening 

reduced this input by about 25% with the introduction of the legume technology in 1999 (Whitbread et 

al., 2004). 
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The smallholder dairy industry in Zimbabwe is facing viability problems since it was introduced in 1983 

(Ngongoni et al., 2006; Hanyani-Mlambo et al., 1998; DMB, 1992). The variability of quantity and 

quality of feed resources; particularly protein during the dry season is one of the main factors limiting 

smallholder dairy production in Zimbabwe (Francis and Sibanda, 2001). The cost of purchased protein 

concentrates for dairy livestock feeding in Zimbabwe has continued to rise, and commercial feeds are 

largely unaffordable for most resource poor farmers (Murungweni et al., 2004). It is therefore imperative 

to find alternatives that can reduce convectional supplementary feeding costs which accounts for 60-80 

% of total costs of livestock production.  This aligns with the ZIMASSET blueprint which states that, 

“there is need to invest in robust solutions to address issues of food security and maximize on 

productivity in Zimbabwe”. (ZIMASSET, 2013) 

Beef fattening and dairy production farmers in Zana and Dendenyore were introduced to fodder bank 

technologies during the period 1999 – 2002 using Lablab and Mucuna. Hay was produced from both 

legumes at the end of the growing season. During the ACIAR project dairy farmers in Zana resettlement 

area and beef producers in Dendenyore adopted the practice of growing legumes.  They grew Mucuna, 

lablab and bana / napier grass as fodder crops in their crop rotations in an attempt to reduce feed costs. 

Grasslands Research Institute (GARI) carried on farm trials using forage legumes as a dry season 

supplement for cattle grazing natural pastures in these areas There were increases in feed intake, milk 

yield, live weight gains and body condition of cattle fed forage legumes (Whitbread et al., 2004).  

The objective of this study was to determine the role and level of adoption of forage legumes which 

were introduced during 1999-2002 by ACIAR in Zana and Dendenyore districts of Zimbabwe. 

2.0 OBJECTIVES 

The main objective of this study was to determine the role and level of adoption of forage legumes 

which were introduced during the period 1999-2002 by ACIAR in Zana and Dendenyore districts of 

Zimbabwe.  

2.1 Specific Objectives 

The specific objectives of this study were to: 

a) explore the level of adoption of forage legume technologies in Zana and Dendenyore 

b) identify major factors constraining the adoption of these technologies  

3.0 METHODOLOGY 

3.1 Sampling procedure 

Thirty households were selected from each ward i.e Zana and Dendenyore using multi-stage random 

sampling. The stratification was based on whether farmers had been previously trained and untrained in 

use of forage legumes as livestock feed, and on farmer participation in on farm trials using forage 

legumes cereal-legumes. The trained farmers were identified from a list of participants in the on farm 

demonstrations by the extension workers from the Department of Livestock Production and 

Development, and confirmed by the farmers themselves. The wards were selected based on the practice 

of livestock production, as well as earlier research which had been conducted by ACIAR in 1999- 2002 

on use of forage legumes as livestock feed. 

 

 

http://www.rcz.ac.zw/


10th Zimbabwe International Research Symposium Book of Papers Presented (ISSN: 2412-2386) 

 

Published by Research Council of Zimbabwe   

Website: www.rcz.ac.zw  608 

 

3.2 Data collection  

Structured questionnaires (pre-tested) through interviews were used. They constituted both closed and 

open ended questions. Thirty households were interviewed in each ward. Data collected included: socio-

demographic characteristics (age, gender, household size, employment and educational background), 

landholding sizes (arable, grazing and fallow land, and yields of crops), livestock (types, numbers and 

uses), and use of forage legume technologies. 

3.3 Data analysis 

Data was analyzed using the Statistical Package for Social Scientists (SPSS, version 16) for Windows.  

4.0 RESULTS 

Table 1 below summarises the age distribution of the respondents.  

4.1 Age of respondents 

Table 1: Age of respondents 

Age  of respondents Zana % Dendenyore %  

   

<25 years 13.5 14.3 

Between 25 and 35 years 15 23.3 

Between 36 and 60 62 33.8 

Above 60 years 9.5 28.6 

Results from the survey showed that greater adoption of the forage legume technology was done by the 

36 and 60 year age group (62% and 33.8% in Zana and Dendenyore respectively).  

4.2 Family size 

Respondents with family sizes between 5 and 10 in both Zana and Dendenyore adopted the technologies 

more than those with less (table 2).  

Table 2: Family size of respondents 

Family size Zana % Dendenyore % 

   

< 3 19.6 18.9 

3-5 31.1 20.6 

5- 10 42.9 57.1 

>10 6.4 3.4 

4.3 Gender of household head 

In this research, male headed households in Zana and Dendenyore was 90.4% and 52.3% respectively 

(table 3). 

 Table 3: Gender of household heads 

Gender of household head  Zana % Dendenyore % 

Female  9.6 47.7 

Male  90.4 52.3 
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4.4 Level of education of household heads 

The majority of household heads in both Zana and Dendenyore had not attained Ordinary Level 

education. However, some individual farmers in both wards had received some agricultural training 

ranging from Master Farmer certificates to Agriculture certificates (table 4).  

Table 4: level of education of household heads 

Level of education Zana % Dendenyore % 

None  21.9 40.3 

Primary  20.9 37.1 

Secondary education 10.1 9.3 

Certificate  14.1 3.4 

Master farmer 19.1 8.4 

Diploma 22.9 1.5 

4.5 Training on the legume technologies during the ACIAR project 

Table 5 below indicates the percentages of farmers who were trained on use of legumes during the 

ACIAR project. 

Table 5: Percentages of farmers trained on use of legumes as livestock feed 

Training on use of legumes Zana % Dendenyore % 

Trained farmers 66.7 72.6 

Untrained farmers 33.3 27.4 

4.6 Level of adoption of the legume technologies 

Despite the training, only 33.6 % in Dendenyore and 35.6% in Zana of the trained farmers continued 

using legumes i.e mucuna/lab-lab as livestock feed both for dairy and beef animals (table 6). 

Table 6: Level of adoption of the legume technologies 

Level of adoption Zana % Dendenyore % 

Adopters 35.6 33.6 

Non adopters 64.4 66.4 

4.7 Decline of livestock numbers 

The findings of this research depicted that there has been a markedly decrease in livestock numbers 

from the time the technology was introduced in 1999 to date.  

Table 7 below highlight some of the factors that were purportedly being mentioned as contributory 

factors. 
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Table 7: Factors contributing towards the decline of livestock numbers 

Factor Zana (%) Dendenyore (%) 

Cost of drugs/ vaccines 16.7 26.9 

Poor vet/LPD/extension services 12.1 7.4 

Poor breeds 16.2 28.9 

Poor forages 43.7 31.3 

Disease outbreaks 11.3 5.5 

4.8 Passing on of Mucuna/lablab seed to increase farmer participation  

During the ACIAR project farmers were originally given seed on the condition that they would pass on 

a similar amount to another farmer so as to spread the nucleus and involve many farmers in the use of 

legumes as livestock feed. Table 9 below highlight the percentage of farmers who passed on / did not 

pass on the seed. 

Table 8: Percentage of farmers who passed on / did not pass on the seed  

Seed  passing Zana % Dendenyore (%) 

Farmers who passed seed 46.2 45.7 

Farmers who did not pass on the seed 53.8 54.3 

4.9 Other factors which affected adoption of the legume technologies 

However on being asked why the technology was poorly adopted, respondents highlighted the factors 

listed below as contributing factors (table 9). 

Table 9: Other factors which affected adoption process of the legume technologies 

Factors affecting adoption Zana % Dendenyore % 

Lack of fertilisers 24 21.9 

Markets 20.4 19.8 

Shortage of labour 33.3 24.7 

Extension assistance 22.3 33.6 

5.0 DISCUSSION 

5.1 Age of respondents 

According to Rao and Rao (1996), there is a positive symbiotic relationship between level of adoption, 

age (table 1), training received and socio-economic status. The findings of this research showed that the 

elderly > 60 years age group had the least adopters as compared to other age groups in both Zana and 

Dendenyore. This can be attributed to the fact that the elderly had shortage of labour to grow the forage 

legumes as a lot of effort is required during establishment. Unavailability of labour could have made it 

difficult for them to participate more thus it might have contributed towards poor the adoption observed. 

The 36 – 60 year age group had more adopters than other age groups. This could be attributed to the fact 

that this group constituted the active, previously trained livestock farmers during the ACIAR project 

during 1999-2002. By the time the technology was introduced, respondents in the 25 – 35 year age group 

were still attending school; hence they were not directly involved with the technology. Other factors 

which affect adoption of technologies by farmers are based on experience. Farmers between 36 and 60 

might have participated in research trials before and seen the positive outcomes. This could have 

contributed towards better adoption as compared to other age groups. 
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This is so because farmer’s beliefs and opinions towards an introduced technology, level of motivation, 

perception of the relevance of the new technology and attitude towards risk and change has a bearing 

on one’s ability to make decisions. 

5.2 Family size 

Family size has been asserted as the most important determinant of labour investment for family farms 

(Hanyani-Mlambo et al., 1998). Results from this study indicated that large families adopted the 

technology more as compared to those with a few. Family sizes ranging between 5- 10 had greater 

adoption levels of 42.9% (Zana) and 57.1 (Dendenyore). This is so because the greater the family size 

the greater the availability of labour to work in the fields. Family sizes of less than three had few adopters 

because it was noted during the survey that this class mostly constituted the elderly and they are now 

weak and cannot carryout farming activities effectively. They also cannot afford the high costs of hiring 

people to work in their fields and hence the poor adoption. 

 5.3 Level of education of household heads 

The findings of this research indicate that level of literacy was low as 20.9% and 37.1% of the 

respondents in Zana and Dendenyore had attended primary education (table 2). Whilst 10.1% and 9.3% 

had passed through secondary school and the majority had received some agricultural training. 

According to Mignouna et al., (2011), level of education has a direct correlation with adoption, the 

higher the level of education of a household head, the more the ability to obtain, process, and use 

information relevant to the adoption of technologies. The literacy level was low as 21.9% and 40.3% of 

the respondents in Zana and Dendenyore had not even attained any form of formal education. 

 5.4 Gender of household heads 

Mapiye et al (2006) reported that > 60 % of households in smallholder areas are male headed (table 3). 

These findings are similar to results obtained by Francis and Sibanda (2001), who also stated that more 

than 60 % of the households in smallholder areas were male-headed and 40 % were female-headed. 

Since men are the primary decision makers, adoption of legumes technologies for beef and dairy animals 

would be expected to be high in male dominated households. This was more evident in Dendenyore 

with male participation in the legume technology greater with 90.4% of the male headed households 

being directly involved in the technology. However even though participation in technologies was more 

within male headed households, implementation of activities and the growing of the crops was being 

done more by women and children. Men in this case only acted as the primary decision makers. From 

the discussions conducted during the research, women cited that it was difficult for them to make 

decisions pertaining cattle issues as culturally the herd belongs to the head of the household who happens 

to be the father. Hence women will only accept what their husbands would have decided. Women headed 

households involvement was also low with 9.6% and 47.7% in Zana and Dendenyore, this was so 

because women had small cattle numbers hence were more engaged in market gardening rather than 

livestock production.  

5.5 Training on the legume technologies during the ACIAR project 

Agbamu (1993) stated that knowledge and training of a practice is significantly related to its adoption. 

Of the interviewed farmers 66.7% and 72.6% in Zana and Dendenyore had received formal training on 

use of legumes as livestock feed during the ACIAR project. The remaining 33.3 % and 27.4% (table 5) 

had acquired knowledge of the technology through private oral transmission, and enquiries from the 
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trained farmers after observing the positive results the technology had on livestock productivity. The 

danger of passive information on untrained farmers is that Mucuna contains L-Dopa and condensed 

tannins which when fed at high levels to cattle can be poisonous. Hence the need for follow up by 

extension staff on late adopters on how they are implementing and adopting the technology.  

5.6 Level of adoption of the legume technologies 

Thomas and Sumberg (1995), shared the same views as Mapiye (2006), who stated that despite the 

successful development of forage legume technologies, adoption in Africa and Asia has generally been 

poor. 

From the discussions conducted during the research it was noted that the group which continued to 

implement the technology was those farmers who believed in science and technology. This group also 

had received some training in agriculture and were mainly cattle farmers who were venturing in either 

dairy or beef production. Their affiliation in either Wedza feeders association / Wedza dairy association 

made it easy for them to adopt the use of the technologies as a cooperative so as to improve productivity.  

Forage legumes offer a lower-cost alternative to nitrogen fertilisers and purchased protein supplements 

for improving dairy and beef cattle feed resources in the tropics (Mapiye et al., 2006). Forage and browse 

legumes play an important role in sustaining livelihoods of small- and medium-scale farmers in the 

tropics, mainly as a result of their contribution to economic and environmental sustainability (Peters and 

Lascano 2003). Therefore, the major challenge for improving smallholder dairy production in 

Zimbabwe is to gain long-term and widespread adoption of the more appropriate legume-based 

technologies by farmers (Mapiye et al., 2006).In that regard there is need for active extension staff to 

reinforce introduced technologies.  

Extension services play a pivotal role in monitoring and evaluation of projects, reinforcing a technology, 

and enhancing accuracy of implementation. The majority of the respondents in both Zana and 

Dendenyore during the interviews cited that some of the reasons which contributed towards the poor 

adoption included uncertainty in ration formulation and processing of the mucuna/lab lab seed. This is 

so because untrained farmers who adopted the technology later learnt that mucuna contains condensed 

tannins which affects animal productivity. As such these farmers faced challenges on how best to 

incorporate mucuna and lab lab in livestock diets for efficient production. Extension visits are a channel 

through which farmers can express their reaction on the innovation they would have adopted (Ngoc Chi 

and Yamada, 2002). Morris and Doss (1999) concurred with Ngoc Chi and Yamada (2002), they also 

stated that the number of extension visits received by the farmer is positively correlated with the 

probability of adoption (Morris and Doss, 1999). Establishment of effective training-research-extension-

farmer and stakeholder linkages can alleviate this constraint of poor adoption. 

Results from the survey also indicated that there was a markedly decline in livestock numbers in both 

Zana and Dendenyore from 2000 to 2014 in Wedza despite the seen advantages of using the technology 

(table 7).  

5.7 Factors contributing towards the decline of livestock numbers 

The use of legumes as livestock feed would be an appropriate alternative to address the major challenge 

of feed shortages as 43.7% and 31.3%  of the respondents interviewed in Zana and Dendenyore cited 

poor forages as a major obstacle compromising livestock production. 
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 All the farmers and extension workers interviewed perceived use of legumes as a good technology that 

increases livestock productivity. Other factors which were stated as contributing to high mortality rates 

include costs of drugs, poor breeds and diseases, in trying to address these challenges GARI promised 

to engage Livestock Production Department so that these farmers can be assisted.  

5.8 Passing on of seed 

Passing on of the seed was done by 46.2% and 45.7% of the Zana and Dendenyore growers, with some 

even passing on the seed to more than one farmer and in more than one season. The passing on of the 

seed process was not done effectively in both wards due to the fact that some unmonitored farmers did 

not pass on the seed (because not enough seed was being produced or harvested) (Maarsdorp et al., 

2004). In agreement to results of this survey, Mapiye et al (2006) and Mupangwa (1994) asserted that 

adoption of legumes in Zimbabwe is hampered by high cost and low availability of seed for the 

recommended varieties. Farmers rarely collect or use seeds from their own farms or from their 

neighbours, as they still expect the forage/tree seedlings or seeds from projects, government and non-

governmental organisations (Franzel et al.,1999). In order to overcome this constraint, efforts should be 

made to overcome this constraint by training farmers and farmer groups on seed collection and 

propagation, and encouraging them to produce and use their own seeds. 

5.9 Other factors affecting adoption of technologies 

Pengelly et al, (2004), and Kumwenda and Ngwira (2003) cited that major limitations to the adoption 

of forage legume based technologies include the scarcity and high cost of seed, fertilisers and inoculants 

and difficulties associated with establishment and maintenance of legumes. In line with this study lack 

of fertilisers was cited by 24% and 21.9% of the respondents in Zana and Dendenyore respectively. It 

was easier for farmers with own transport, or members of the Wedza Dairy Association/ Wedza feeders 

association to get the seed and fertiliser through their cooperative, unlike other farmers not affiliated to 

any cooperative.  

Most farmers did not apply fertiliser or manure to their mucuna, and the amounts used by those who did 

varied widely. Yields were greater in fields applied fertiliser as compared to those without any fertiliser. 

As a result those affected by lack of fertilisers did not realise the benefits of growing either Mucuna or 

lablab, hence discontinued use of the technology (Whitbread et al., 2004). Comparable to findings of 

this study, several studies (Mapiye et al., 2006; Kabirizi et al., 2004; Gerrits 2000) cited high cost of 

resources, low yield and lack of persistence of legumes, lack of capital, land shortage and shortage of 

labour as major constraints to adoption of forage legumes. 

There was competition for labour as highlighted by 33.3% and 24.7% of the respondents in Zana and 

Dendenyore. This was so because harvesting of other crops in April and May militating against earlier 

harvesting of the mucuna and lab lab. The farmers stated that mucuna and lab lab crops have a high 

labour demand (Maarsdop et al., 2004). Adopting a new technology often implies the need for maximum 

effort hence additional labour (Morris and Doss, 1999). Farmers who were old and hire labour eventually 

discontinued use of legumes due to high labour costs. This is so because they could not afford to pay 

the people who worked for them.  

The assessed labour requirement of mucuna technologies differed between the two localities. On 

average, 76% of the Zana farmers assessed the labour requirement as high and the remainder as medium. 
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In Dendenyore, 80% classified mucuna production as labour intensive while about 20% assessed it as 

requiring low labour inputs. Generally, planting, weeding and harvesting for hay was said to have 

coincided with many other activities, especially in Zana (Whitbread et al., 2004). 

The farmers in both wards anticipated higher maize yields following mucuna/lab lab than after weed 

fallow, from which they expected little soil fertility benefit. Unfortunately, the poor rains in 2001–02 

made it impossible for farmers to assess this (Maarsdop et al., 2004). In line with this could have also 

affected the adoption process of the legume technology. 

There are other environmental factors which influence adoption of technologies. These include; farm 

location, resource availability and other networking systems which include telecommunication facilities, 

roads, markets, railway lines and electricity. Although both milk and beef production increased due to 

feeding legumes i. mucuna and lab lab, marketing of the products was done locally due to lack of 

transport to deliver the products to bigger towns such as Marondera and Harare. Due to poor road 

networking systems the farmers could not engage large companies like Dairibord Zimbabwe limited 

(DZL) to collect their milk. If this could have been achieved it could have motivated other farmers to 

adopt the technology as the one’s involved could have been benefitting more income from milk sales. 

The dairy producers in Zana sold their milk either to the Wedza Dairy Association or locally. Non-

members or remote farmers had difficulties in selling their meat and milk, and use of the technology 

therefore became uneconomical. As for the Hwedza feeders association if there was a provision of a 

local auctioning centre, more farmers could have been auctioning their animals after fattening.  

The successful farmers would be rewarded with better prizes and not get low prices which were being 

offered by middlemen. This could have been a perfect platform for other farmers to really appreciate the 

benefits of adopting the legume technology. However with the absence of these it became marketing 

difficult and this might have contributed towards the poor adoption as beef was sold to local abattoirs. 

This was also due to the fact the area is too remote with a poor road networking system. In order to sell 

their cattle to towns, it attracted high transportation costs.  As a result the farmers might have questioned 

the benefits of the technology and might have opted to continue with the traditional communal grazing 

system.  

6.0 CONCLUSION  

Despite the overwhelming evidence of the suitability of several legume species for rangeland 

improvement in Zimbabwe, there has been relatively poor adoption of these legume-based technologies 

in smallholder and communal farming systems. Results from this study revealed that high labour 

requirements of growing Mucuna pruriens and Lablab, shortage of markets to sell the Mucuna / Lablab 

seed, lack of monitoring by extension services and inaccessibility of fertiliser were the main factors to 

which poor adoption and discontinuance were attributed. Other determinants include age, gender, family 

size and education level and status of the household heads.  Field days, competitions, on-farm research, 

demonstrations, educational tours and training workshops can improve levels of aware-ness and 

adoption of legume technologies among smallholder farmers in Zimbabwe. Expansion of Agricultural 

shows to Ward level or rotation of venues at District level may go a long way in improving the awareness 

and adoption of legume technologies (Mapiye et al., 2006). Stakeholder’s support in smallholder beef 

and dairying should continue to be extended to resource-poor farmers. This can be possible through 
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participatory approaches to achieve widespread and long-term benefits of adopting forage/browse 

legume technologies for sustainable smallholder beef and dairy production in Zimbabwe.  
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ABSTRACT 

Soya bean meal is an expensive major ingredient in livestock feeds. A study was conducted to assess 

the effectiveness of substituting soya bean with Sesbania sesban leaves in rabbit diets on their growth 

performance.  The diets were all iso-nitrogenous and iso-energetic. Sixteen, 6-week old female rabbits 

were randomly allocated to four treatments, (0% control, 15%, 30% and 45% inclusion of dried 

Sesbania sesban leaves), with four replicates per treatment in a Completely Randomised Design. 

Measurements of feed intake, live weight gain and feed conversion were taken over the four week 

experimental period. As the Sesbania sesban inclusion level increased there was an increased feed 

intake and live weight gain. Rabbits fed on standard pellets gained 500g in week 3 significantly 

(P<0.05) more than 200g for rabbits fed on 45% Sesbania sesban. Feed conversion ratio decreased with 

increased inclusion of Sesbania sesban leaves. According to results from this study, dried Sesbania 

sesban leaves can be used safely as a protein source up to 30% level of inclusion without affecting 

performance of rabbits provided good management practices are maintained. Farmers can reduce the 

cost of raising rabbits through the use of farm grown feeds.  

Key words: rabbit feeds, feed intake, live weight gain 

1. INTRODUCTION 

Increase in global human population and demand for dietary protein in the world including Zimbabwe 

has created a need for research into other sources of protein from non-conventional sources (1). Rabbit 

meat is an excellent alternative source of animal protein which has been shunned for years mainly due 

to its assumed relation to rats (2). This misconception is slowly changing due to a great array of benefits 

which can be derived from rabbit meat (3). 

Rabbit farming has low capital investment and requires small pieces of land which makes it best suited 

for small scale farmers as well as peri-urban farmers (4). Rabbit farming is being promoted mainly by 

donor organisations as rabbits are prolific, have short generation intervals, and are able to thrive on 

forages and other poor feedstuffs such as hay with little amounts of concentrate. Rabbit farming has the 

potential to empower vulnerable households, women and children, thereby building their capacities to 

lead socially and economically viable lives (3). 

A variety of rabbit breeds are available for rearing, with some specialized for wool such as the Angora 

and Rex breeds, for meat and pelt such as the New Zealand white and black. However, most rabbit 

breeds are valued for their pelt (5). Some rabbits are kept sometimes as just ornamental animals (6). In 

Zimbabwe, rabbit farming is mainly practised on a small scale and the most common use is for meat 

and occasionally pelts.  
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The bulk of rabbits in Zimbabwe are crossbred, comprising of bloodlines from Californian, Chinchilla 

and New Zealand large white and black breeds. 

The performance and good health of the rabbits depends on how well they are fed. Farmers face 

challenges in providing nutritionally adequate feed for their rabbits. This has encouraged research into 

alternative feed sources such as leaf meals which are normally used as supplemental feed for ruminants.  

Legume trees such as Acacia angustissima, Leucaena leucocephala and Sesbania sesban have long 

been used in ruminant diets but have limited use in monogastric diets (7). Sesbania sesban is a 

leguminous fodder tree with a variety of uses which include soil improvement and as well as livestock 

feed. It is found abundantly in most parts of Zimbabwe. S. sesban leaves have an average of 30% crude 

protein (8). The purpose of this study was to investigate the potential of Sesbania sesban as rabbit feed.  

1.1 Problem Statement 

Conventional diets are largely formulated using soya beans and currently Zimbabwe is facing a serious 

deficit of soya beans. There is also competition for soya beans between humans and livestock, and 

amongst livestock species. Marginalised livestock species such as rabbits will generally be sidelined in 

instances where soya bean is scarcely available, thus leading to shortage of commercial rabbit feed 

coupled with price increase. In turn, resource poor small scale farmers and in particular women and 

youth are unable to afford these commercial feeds thus affecting rabbit production. Further, dry season 

feeding is usually a challenge to most farmers as currently there is prevalence of prolonged dry periods 

and droughts in Zimbabwe. 

1.2 Justification  

The prospective use of non-conventional sources of protein such as Sesbania sesban might serve as a 

potential alternative to conventional protein sources thereby substituting and reducing the overall cost 

of rabbit feed. Rabbits being efficient at digesting fiber unlike other monogastric animals, will perform 

well when fed leaf meal. This will potentially be beneficial since farmers will obtain the protein source 

at a relatively low cost from trees growing at their residences or gardens thus reducing cost of 

production. The forage will as well provide adequate nutrition even during the dry season where usual 

forage has reduced in nutritive value. The S. sesban has multiple functions, so farmers can benefit from 

its soil improving qualities and its potential as an intercrop. An increase in production will mean an 

improvement of the livelihoods of vulnerable women and children, and resource limited farmers.  

OBJECTIVE 

The objective of the study was to determine the effect of substituting soya bean meal (SBM) with graded 

inclusion levels of S.sesban leaf meal (SLM) as a dietary protein source on growth performance, 

voluntary feed intake (VFI) and feed conversion ratio (FCR) of rabbits. 

MATERIALS AND METHODS 

Study site 

The study was conducted at Henderson Research Institute in Mazowe District, Mashonaland Central 

Province of Zimbabwe. It is in agro-ecological region IIb and receives mean annual rainfall of between 

750-1000mm annually and temperatures ranging from 20-300C. The research station is at an altitude of 

about 1295m and latitude and longitude being -17°34'0.01", 30°58'0.01" respectively. 
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Experimental design  

Sixteen female rabbits aged 6 weeks were randomly allocated to 4 treatments which were replicated 4 

times in a Completely Randomised Design (CRD). Each rabbit was an experimental unit. Rabbits were 

fed diets with graded levels of Sesbania sesban leaf meal and soya bean meal as the protein sources. 

The experimental diet treatments were treatment 1, conventional pellets as the positive control; 

treatment 2 contained 15% Sesbania sesban leaf meal and 85% SBM; treatment 3 contained 30% 

Sesbania sesban leaf meal and 70% SBM; and treatment 4 contained 45% Sesbania sesban leaf meal 

and 55% SBM. All diets were iso-nitrogenous and iso-energetic. 

Diets 

The complete diets were formulated as follows: 

Diet 1: rabbit pellets (positive control), 

Diet 2: maize 16.5kg +2.2kg S. sesban leaf meal +11.3kg SBM +1kg premix, 

Diet 3: maize 15.8kg + 4.7kg S. sesban leaf meal +9.5 kg SBM +1kg premix, 

Diet 4: maize 15kg +7.5kg S. sesban leaf meal + 7.5kg SBM +1kg premix. 

Analysis of leaf meal and proximate composition of diets 

Table 1: Chemical composition of Sesbania sesban leaves  

 

Table 2: Chemical composition of diets 

Treatment Control 15% 30% 45% 

DM % 90.89 89.58 89.52 89.79 

Ash % 8.14 5.60 5.10 5.53 

CF% 10.13 6.65 7.07 8.37 

CP% 18 18.43 17.88 17.99 

EE% 4.45 3.36 3.65 3.43 

ME/Kg 15.36 14.40 14.25 13.98 

P% 0.8 0.23 0.34 0.39 

Animal management 

Weaned rabbits aged 6 weeks were kept in individual metal cages for 35 days and the average initial 

weights for the rabbits were 800g throughout all the treatments. The first 7 days were the adaptation 

period where the rabbits were fed small portions of commercial pellets until they had adapted to 

consuming solid feed. The actual experimental period was thus 28 days. Water was given ad-lib. The 

rabbits were exposed to an average of 5 hours of natural light per day.  

 

 

 

DM 

%

Energy 

kcal/kg

CP 

%

ADF 

% 

NDF 

%

Ash 

%

Ca 

%

P % 

Content 34.9 17.8 23.6 29.1 35.4 6.1 0.75 0.37
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Data collection  

Data collected was initial rabbit weight, individual rabbit weekly weight, weekly feed intake which was 

used to calculate feed conversion ratio (FCR). The following formula was used to calculate FCR: Feed 

consumed per rabbit/weight gain per rabbit. 

Data analysis 

Data was analysed using SAS version 9.1.3 and separation of means was done using the Tukeys method 

at p=0.05 level of significance. The following statistical model was used: 

Yijk = µ +Ti + Fj+ (T x F) ij + eijk  

 Where:  

Yijk is the response variable (either live weight, carcass weight or feed intake)  

µ is the overall mean common to all observations 

Ti is the effect of the i
th diet 

Fj is the effect of time 

(Ti x Fj) is the interaction of the diet and time 

Eijk is the random residual error. 

RESULTS  

Voluntary Feed Intake (VFI) 

Figure 1 shows that initial weight did not affect VFI during week 1. Feed intake was however 

significantly (P<0.05) affected by level of protein in the diet after week 2. Treatment 2 with 10% CP 

had the lowest feed intake of all the treatments. There was no significant difference (P>0.05) in VFI for 

rabbits fed Treatments 1, 3 and 4.  

Figure 1: Voluntary Feed Intake of rabbits offered feed with different protein levels derived from 

cowpea. 
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Weekly weight gain 

Figure 2 shows that rabbits gained weight as the trial period progressed but rabbits on Treatment 2 had 

significantly (P<0.05) lower weight gain than those on other diets. There were also significant 

differences (P<0.05) among the other three treatments. 

 

Figure 2: Average weekly weight gain of 

rabbits 
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Feed Conversion Ratio (FCR) 

Treatment 2 had significantly (P<0.05) lower FCR at all stages as shown in Figure 3. 

 

 Figure 3. Feed Conversion Ratio of rabbits offered feed with increasing protein levels of cowpea. 

DISCUSSION 

The lower VFI in rabbits fed with diet containing 10% CP from cowpea was most likely due to the 

higher proportion of carbohydrates.  Since cowpeas were dehulled and roasted coupled with the high 

degradability of maize, the reduced feed intake could not be attributed to high crude fibre content but 

to possible constipation. 

The slow increase in VFI in the first week of the trial might be associated with digestive adaptation, as 

the rabbits were coming from the stabilization period where they were receiving the control diet. Defang 

et al. (2008) also reported poor feed intake in rabbits fed soaked black common bean, cowpea and 

Bambara nut. They attributed poor feed intake to presence of ANFs in the legume grains. The process 

of denaturation does not completely destroy ANFs, but reduces them to tolerable levels. 

In the second week onwards, feed intake also naturally started to increase sharply without significant 

difference in rabbits fed Treatments 1, 3 and 4 as the protein level increased. This observation tallied 

with the findings of Fielding (1998) who reported that rabbits fed with decreasing crude protein levels 

of 18.08%, 16.32% and 14.22% did not show decreased feed intake despite the reduction in crude 

protein content of the diet. Taboada et al. (1999) also suggested that rabbits increase VFI as they grow 

to satisfy body maintenance requirements. 

In this study, the weight gain increased with the level of protein in the diet. This result agrees with the 

finding of Abdella (2006) who reported an increase in weekly weight gain after feeding rabbits with 

mulberry leaves based diets, but this contradicts Blair et al. (2006) who reported low body weight gain 

in rabbits fed sun-dried cassava leaves diets in the tropics. The weekly weight gain recorded in the 

present study is similar to the values (16.60-17.90 per day) reported by Aduku and Olukosi (1990) and 

Doma et al. (1999). The greater weight gain observed on rabbits offered feed with 15% and 20% CP of 

cowpea could be attributed to the processing (dehulling  and fermentation) that may have possibly 

reduced ANFs to amounts that were not deleterious. According to Elemele et al. (2007), fermentation 
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process improves digestibility of nutrients by breaking down nutrients into simpler forms, as well as 

removing inhibitory chemicals.  

High FCR observed on rabbits fed Treatments 3 and 4 did not differ significantly with the control 

(Treatment 1).This could be attributed to the denaturation of ANFs as noted by Akinyele (1989), who 

observed a higher amino acid profile after fermentation of pigeon pea, and attributed the resultant amino 

acids as either end products of bacteria or other micro-organisms produced during the fermentation 

process of pigeon pea grain. This could mean that nutrient availability was not limiting and 

concentrations of ANFs were low and insignificant. The FCR could partly be due to a better protein 

quality, possibly arising from a higher methionine and lysine supply in cowpea (Martina and Damianan, 

2003). According to Peterson (2003), although FCR is an important parameter in assessing a feed 

program and animal strain, there is now a wide variety of dietary protein intake concentrations used for 

different goals such that classical measures of feed intake and weight gain may become less meaningful. 

The “lowest” feed efficiency may not always be the most economical, because economics may dictate 

the optimum use of low rather than high diet protein levels. 

CONCLUSION AND RECOMMENDATIONS 

Cowpea can be safely used as a protein source in rabbit diets at the rate of up to 20% CP without 

affecting growth performance provided it is well processed to counteract the effects of ANFs. We 

recommend that cow pea can replace conventional protein sources in rabbit diets. It is therefore 

recommended that smallholder and communal farmers in marginal agro ecological zones of Zimbabwe 

could grow and use cowpea for rabbit production since it is sustainable and is an excellent protein 

source. However more research is needed to fully exploit the potential of cowpea as a livestock feed by 

further assessing the utilization of cowpea at different growth stages of rabbits, assessing the carcass 

and blood haematological and biochemical indices of the weaner rabbits and determine the economic 

benefits of feeding cowpea in rabbit production. 
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ABSTRACT 

During October 2012 to January 2013 (rainy season) individual faecal samples were collected from 105 

donkeys of both sexes, aged from two months to >10 years, in Chipinge district (Zimbabwe). The 

samples were examined by flotation, sedimentation, and Baermann method, and nematode larvae 

differentiated. Thirty four donkeys were drenched with ivermectin (0.2 mg/kg body weight) and a faecal 

egg count reduction test performed. This study showed that 100 % of examined donkeys were infected 

with helminth parasites. The overall prevalence of infection with strongyles [family Strongylidae, 

subfamily Strongylinae (large strongyle) and subfamily Cyathostominae (small strongyle)], 

Dictyocaulus arnfieldi, Gastrodiscus aegyptiacus, Parascaris equorum, Oxyuris equi and Strongyloides 

westeri was 74.3 %, 67.5 %, 51.4 %, 10.5 %, 8.6 % and 1.9 %, respectively. The prevalence of helminth 

infection was highest in youngest animals (<2 years) and the most prevalent helminths were strongyles. 

Ivermectin was 100 % effective against all nematodes, except for cyathostomins and Parascaris in 

young donkeys. The present study revealed that donkeys in Chipinge district are infected with middle 

range of mixed helminth parasites, which are not duly considered. Therefore, continuous deworming 

and management actions were recommended. 

KEYWORDS: helminth parasites, donkeys, prevelance, cyathostominae 

INTRODUCTION 

Donkeys (Equus asinus Linnaeus, 1758) play an important role in farming (tillage) and in transportation 

(riding, pick transport or pulling cart) in rural areas (1). They have prominent position in the agriculture 

system of many developing countries. Their most readily recognizable function against traction and 

draught in agriculture is that they have made the greatest contribution to human welfare and 

advancement (2, 3). In areas where draft power is a constraint for crop cultivation, a pair of well-

conditioned donkeys could be used as an alternative draught power source for secondary and primary 

land preparation (4, 5). A notable increase in the use of donkeys for tillage is evident in Africa as the 

number of draught cattle on small farms has declined (6). This has resulted in changing perceptions of 

the value of the donkeys in many rural communities that relay on animal power for crop production. 

Donkeys are the only alternative to oxen on many smallholder farms in Africa (6).         Despite increase 

in mechanization throughout the world donkeys still deserve the title of beast of burden in many 

developing countries, and are a source of cheap readily available transport (7). The low level of 

development of road transport network and rough terrains make donkeys the most valuable, appropriate 

and affordable pack animals, especially under the smallholder farming system. Millions of people in 

the world depend on donkeys daily for transport and agriculture (3). Also, they are available to women 

in cultures where men usually manage the draught animals and are therefore able to alleviate the 

drudgery of women’s household activities, such as water and firewood carrying (2). 
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Donkeys have a prominent position in the agriculture system of Zimbabwe.  They play a great role in 

the frame works of food security and social equity of high food insecure areas. This is shown by the 

wide spread use of donkeys in rural areas. 

 Although donkeys are often described as hardy and resistant animals, they do suffer a number of health 

problems. Some of the most important are parasitic diseases (8). Studies have showed that donkeys are 

host to a wide diversity and high prevalence of helminth parasites, which can lead to disease when the 

animals are underfed, badly managed or overworked (20).   

Nematodes (roundworms) are one of the most important and predominant parasites of equines; they 

represent five taxonomic families and more than 40 different species (9, 10).  Gastrointestinal parasites 

are the most serious health problem of donkeys in Africa, contributing to poor body condition, reduced 

power output, poor reproductive performance and short lifespan (11).  

Donkeys, infected with gastrointestinal parasites show a rough dull-coat, weight loss, stunted-growth, 

colic, weakness, diarrhea and tail-rubbing. They die from heavy infections and even healthy looking 

animals die from internal damages due to gastrointestinal helminth parasites (12). The damage to organs 

is caused by migration of the parasite through the various tissues. Damage to tissues requires energy 

and protein to repair them, which diverts energy from production. Scarring from damage reduces organ 

function as well (8). Parasites cause irritation of the gastrointestinal tract. This brings mucus discharge 

and gut becomes more motile initiating the sore symptoms, which translates into reduced nutrient 

absorption and reduced production in infected animals (59). Nematodes seek out blood supply, usually 

vessels in the lining of the intestine. They access protein and nutrients for their own metabolic process. 

Strongylid nematodes cause anemia due to their ability to remove red blood cells as well as proteins, 

which can lead to ill thrift in animals (15). However, donkeys with significant small strongyle burdens 

may appear healthy and it is rare to observe the type of clinical signs (diarrhea, weight loss, colic or 

poor condition) that are more common in horses (13). Large numbers of internal parasites and their 

prevalence have been reported in different studies of donkeys in Africa including Ethiopia (11, 14, 15, 

16, 17), South Africa (2), Nigeria (18), Botswana (7), Sudan (19), Kenya, Zimbabwe, Burkina Faso, 

Chad and Morocco (20, 21, 22), Lesotho (23), and elsewhere(24,  25, 26). Most of donkeys harbored a 

mixed parasitic infection. The most prevalent nematode species of donkeys in Africa were those of 

subfamily Cyathostominae and of Strongylinae (2, 14, 15) followed by a range of helminths, which are 

representatives of the important pathogenic parasites found in equines worldwide (15, 20). 

Documentation of helminth infections of donkeys in Zimbabwe is lacking since few studies have been 

conducted to determine the potential losses in donkey population in the country many years ago (9, 10). 

Since then, noting much has been documented concerning the welfare of donkeys. Despite the huge 

numbers and the increasing importance of donkeys in the economy, knowledge about the health 

problems affecting their welfare are limited for most parts of the country. The attention given by the 

development agencies and organizations to donkey has been far below to what it deserves. This might 

be due to the wrong perception that the donkey does not require a lot of care, that when donkey get 

sick, it is quick to die and the donkey’s low traditional status (27).  

Some anthelmintic treatments of donkeys are made bluntly before species involved in infection are 

identified hence are usually ineffective. A few products have specific label indications for donkeys and 

medicines are often administered based on dose rates optimized for use in horses. However, donkeys 

differ from horses in how they distribute, metabolize and excrete xenobiotics (28).  
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Thus, a need is felt to conduct a study regarding helminth prevalence and  control to give suggestive 

guideline  for donkey owners and veterinarians that might help to limit parasite burden of donkeys as 

cost effectively as possible. The specific objectives of the present study were to identify the spectrum 

of species and prevalence of major helminth parasites of donkeys in Chipinge district, Zimbabwe, to 

correlate the level of infection with the age and sex and to address anthelmintic efficacy of ivermectin 

(1 %, oral preparation).   

 2. MATERIALS AND METHODS 

2.1. Study area 

This study was conducted in three areas within Chipinge district, Manicaland province, south-eastern 

Zimbabwe, namely, Chinyamukwakwa, Mabhiza and Checheche, during the period from October 2012 

to January 2013 (rainy season). 

The climate of this region is hot and the average annual rainfall is approximately 1 000 millimeters. 

The monthly mean maximum temperature varies between 22.3 and 30.40 C and the mean minimum 

temperature is between 4.7 and 16.80 C. There is a warm rainy season from November to March – April, 

a cool dry season from May to August and a hot, dry period from September to October. The climatic 

conditions are well suited to agriculture hence the use of donkeys as draught animals is widespread in 

this district. 

2.2. Study animals and design 

2.2.1. General management 

More than 90 % of the donkeys in the study area are owned by farmers and no special attention in terms 

of management is provided. They graze along the other domestic animals during the day and at night 

they are kraaled. Supplementary feeding is rarely given unless in years of severe drought when the 

farmers can provide maize stalks. Drinking water is obtained from the nearby Save river which flows 

throughout the year, therefore no major water shortages are experienced. Generally, no health attention 

is given to most of the animals. However, some donkeys had once been dewormed, and deworming 

history of such animals was noted.  

2.2.2. Data collected for each animal by observation, examination and owner interaction  

Ages of the donkeys were determined using an age determination chart developed based on dentition 

(29).Body condition score was assessed on a scale of 1 - 5 including half scores with 1 being emaciated 

and 5 being obese. Body weight was weighed using a weight band for horses. A total of 105 donkeys 

of both sexes (59 males and 46 females), ranging in age from 2 weeks to over 10 years were included 

in the study. Animals were stratified according age into three groups: group A: donkeys to two years of 

age (26); group B: donkeys between two and six years old (40), and group C: donkeys over six years 

of age (39). Within each age group, further divisions were made according to the sex. 

2.3. Collection of faecal samples 

A total of 105 Individual faecal samples were collected directly from the rectum of the donkeys, or 

sometimes fresh deposits from temperamental animals were picked up off the ground when they were 

seen to pass faeces. At the field, samples were stored in well labeled plastic bags and containers and 

kept in a portable refrigerator at 40 C for a day. Then they were transferred into a cooler box with ice 

packs and transported to the Veterinary Parasitology laboratory, University of Zimbabwe, Harare and 

stored at 40C until examination. 
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2.4. Examination of faeces for faecal worm egg count 

Faecal worm egg counts were performed and eggs per gram of faeces (epg) were determined using the 

modified McMaster method, improved (30) with a sensitivity of 50 EpG of faeces. Samples were also 

examined for trematode eggs using a quantitative sedimentation technique (31). Further, a total of 83 

faecal samples from donkeys of each age group were examined for lungworm larvae using the 

Baermann technique (30). 

 2.5. Culturing nematode larvae from faeces and larval identification 

For culturing infective nematode larvae, faecal samples from donkeys of each age group were pooled 

and cultured in an incubator at 270 C for seven days (30). The larvae were recovered by the Baermann 

method and identified to their specific genera according to the key description of infective strongylid 

larvae of horses (32). 

2.6. Assessing anthelmintic efficacy of ivermectin drench After collecting faecal samples, on the 

same day (day 0), a total of 34 donkeys from all age group were drenched with ivermectin drench, 1 % 

(10 mg/ml) administered at a dose rate of 0.2 mg/kg body weight. Twenty donkeys were left untreated 

(control). Second faecal samples were taken 14 days post treatment and anthelmintic efficacy of 

ivermectin was estimated using a faecal egg count reduction test (FECRT) for helminth burden (33). 

The arithmetic mean of the pre- and post-treatment egg counts and helminth burdens were calculated 

to determine the mean percentage reduction within each age group.  

2.6. Analysis of results 

Faecal egg counts were recorded per sample in Microsoft excel and the data was analyzed for 

prevalence of gastrointestinal helminths (age- and sex-wise prevalence) using the Statistical Package 

for Social Sciences (SPSS) version 16.0. For FECRT, the mean epg were analyzed using Minitab 

version 16.0 to check for any significant differences between egg counts before and after treatment with 

ivermectin. 

3. RESULTS 

3.1. Coprological examination 

3.1.2. Prevalence of helminths in sampled donkeys 

Coprological examination of 105 sampled donkeys revealed 100 % infection with mixed helminth 

species parasites. The prevalence of infection was: strongyles (family Strongylidae) - subfamily 

Strongylinae (large strongyles) 74.3 %, and  subfamily Cyathostominae (small strongyles) 68.6 %, 

Dictyocaulus arnfieldi 67.5 %, Gastrodiscus aegyptiacus 51.4 %, Parascaris equorum 10.5 %, Oxyuris 

equi 8.6 %, and Strongyloides westeri 1.9 %. Strongyle faecal worm egg counts ranged from 0 to 1600 

eggs per gram of faeces. Majority of donkeys (55 %) were in low level of infection (mean EpG = 227 

± 49) which suggest mild strongyle infection (34).A relatively high epg was recorded in some emaciated 

donkeys. The highest mean strongyle worm egg count (337 ± 101) was recorded in the less than two 

years old animals. 

3.1.3. Age- and sex-wise prevalence 

The prevalence of strongyle infection was highest in the youngest, less than 2 year old donkeys 

(P<0.05), followed by mature donkeys (P<0.05) and lowest in oldest over 6 year of age animals 

(P<0.05). The infection with Dictyocaulus arnfieldi was the second most prevalent in young donkeys 

in comparison to older donkeys (P<0.05). The same trend was also noted on prevalence of infection 

with Gastrodiscus aegyptiacus (P<0.05) and Parascaris equorum. Oxyuris equi and Strongyloides 

westeri were not as common as the above quoted parasites.  
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There was no statistically significant difference between prevalence of infection with Oxyuris equi in 

youngest and oldest animals. A low prevalence of infection with Strongyloides westeri was recorded in 

this study only in old donkeys (2-6 years of age). Generally, the youngest donkeys (<2 years) were the 

most commonly infected with helminth parasites (Table 1). 

 The results showed different prevalence of   helminth infection in donkeys of both sexes (Table 2). 

Strongyle infection was more prevalent in females (76.1 %) as compared to males (72.9 %), (P> 0.05). 

A similar trend was noted with Parascaris quorum infection. Conversely, the prevalence of infection 

with D. filarial, G. aegyptiacus (P<0.05), O. equi and S. westeri (P>0.05) was higher in males than in 

females. 

3.1.4. Identification of infective nematode larvae from faecal cultures 

Examination of faecal cultures enabled the differentiation of six genera and five species of infective 

nematode larvae (L3) as follows: Strongyloides westeri, Strongylus vulgaris, S. equines, S. edentates, 

Oesophagodontus spp., Triodontophorus spp., Cyathostomins (Cyathostomum spp., Cylicocyclus spp., 

Cylicostephanus spp., Cylicodontophorus spp,) and Trichostrongylus axei. The variation of nematode 

larvae identified in faecal cultures from various age groups of donkeys demonstrated strongylin larvae 

(68 %), cyathostomin larvae (30 %), Trichostrongylus axei larvae (2 %) in youngest donkeys (<2 years).
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The infective larvae recovered from ova culture from 2-6 years old donkeys were: strongylin (52 %), 

cyathostomin (32 %), Strongyloides westeri (4 %) and Trichostrongylus axei (12 %), whereas only 

strongylin (62 %) and cyathostomin larvae (38 %) were identified from faecal culture from oldest 

donkeys (> 6 years of age). 

3.2. Anthelmintic efficacy of ivermectin 

The faecal egg count reduction test revealed that ivermectin is effective in different degree against 

most common gastrointestinal nematode parasites in the studded population of donkeys (Table 3). 

Species of genus Strongylus were the most susceptible (100 %) to ivermectin in all age groups of 

animals (P<0.05). Drug resistance to ivermectin was noted in Triodontophorus spp. (72 %) (P>0.05), 

Parascaris equorum (72 %)  (P>0.05) and cyathostomins (39 %) (P>0.05) only in donkeys less than 

2 years of age, which were relatively more intensively infected by these parasites in comparison with 

older animals. Gastrodiscus aegyptiacus, a common intestinal fluke of equines in this country, was 

unaffected by ivermectin (P=1.000).  Control donkeys, which ware not treated with ivermectin 

showed negative reduction of faecal egg count, whereas those treated with ivermectin had positive 

reduction of faecal egg count, as it is indicated on Table 3. 
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DISCUSSION  

In the present study, an overall of 100 % prevalence of mixed gastrointestinal and lung helminth 

infections in donkeys of Chipinge district was obtained. The higher parasite prevalence observed in 

donkeys in the current study is in line of agreement with results of other workers (6, 14, 17, 22, 35), 

who reported 92.8 % to 100 % prevalence. The difference among these findings and those from 

different areas might be due to variation in climatic conditions, management system, sample size and 

sampling method differences (6). 

The average prevalence of large strongyle infection in donkeys was 74.3 %, which was highest among 

the gastrointestinal parasites. Similar studies conducted in different parts of Africa indicated similar 

or higher prevalence (14, 15, 17, 36). Strongyles have largest numbers of genera and species so their 

percentages commonly represented (75 % - 100 %) of whole nematode infections (38). 

Donkeys are susceptible to large strongyle species (13, 15). In this study most of donkeys were 

infected with Strongylus vulgaris, S. equines, S. edentates, Oesophagodontus spp. and 
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Triodontophorus spp. which were in consistence with other findings (2, 7, 14, 15). Strongylus 

vulgaris was the most abundant and prevalent large strongyle species. Early reports (9, 10) from 

Zimbabwe demonstrated that donkeys harbored only Strongylus vulgaris and S. equines, S. edentates 

and S. asini are recorded in South Africa. The exact reason for the presence of these species in 

donkeys in Chipinge district is not known. It could be suggested that climatic conditions, contact of 

donkeys with other equine species and lack of host specificity of parasites may account for the 

presence of some of them (17). It may also be attributed to lack of anthelmintic medication and/or 

immune-suppression due to stress and malnutrition. 

Adult large strongyles parasitize in the large intestine, but the larval stages are migratory in the 

different internal organs in the region of 6 – 12 months. The pathogenicity of large strongyles is 

related to the migratory pattern of the larvae and tissue and blood feeding of the adults. Large 

strongyle infections remain a real threat to the health of working donkeys in developing regions were 

administration of anthelmintics is erratic or absent (15). 

Cyathostomins are one of the most common parasite nematodes that affect donkeys (2, 13). Small 

strongyle infection was also highly prevalent in donkeys in Chipinge district. This infection has 

previously been recorded from donkeys in Zimbabwe (9, 20) and elsewhere (2, 14, 15, 17, 39, 

40).The infections of small strongyles and Strongylus vulgaris are acquired mainly during the rainy 

season. Heavy populations of parasites may build up by the end of the rainy season. The small 

strongyles in Zimbabwe survive unfavorable dry winter mainly as adult worms and not as inhibited 

larvae (9, 10, 21, 22). They play an important role in the epidemiology and pathogenicity of this 

infection (21). Encysted larvae can emerge synchronously and cause sudden onset weight loss, 

stomach pain and, sometimes diarrhea and anemia. Donkeys do appear to remain “healthy” when 

high levels of small strongyles are present, as long as they are not nutritionally compromised or 

overworked (41, 42). A study (43) showed significant increases in body condition score in donkeys 

that received anthelmintic treatment. Due to the complex taxonomy and difficulty in the identification 

of cyathostomins, few workers have identified these parasites to the species level in donkeys (2, 9). 

In the present study the cyathostomins were identified up to genus level. However, the finding of 17 

cyathostomin species in Ethiopian donkeys accounted for 34 % of the over 50 valid species that are 

recognized in equines (44).  

 Prevalence of strongyles between age groups was found to be significantly different. Strongyle 

infections tended to be higher in younger donkeys (age <2 years), however, mature (age 2-6 years) 

and old (> 6 years) donkeys can harbor substantial infection and therefore contribute substantially to 

pasture contamination. These findings are in contrary to the results of studies in Ethiopia (17), but 

they are in agreement with others (13, 24). Young donkeys had greater faecal egg counts compared 

to the older animals. This difference is most likely due to a less developed immunity in youngest as 

result of limited exposure or immaturity of the immune system itself. Older donkeys are most likely 

to have been exposed many times to infection and developed immunity to the parasites. There was 

no statistical significant difference in prevalence of strongyle infections between sexes that is in line 

with other results (17).   

Dictyocaulus arnfieldi (lungworm) infection was very common in donkeys of the area of study (67.5  

%) as that recorded in Sudan (70.5 %) (40), and much higher compared with that in Nigeria (18) and 

Ethiopia (14, 15). The age-wise prevalence follows that of strongyles. It was highest in youngest 

animals, and lowest in oldest group.  
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The sex-wise prevalence followed the tendency to that of other helminth parasites except of 

Strongylidae and Parascaris equorum.  It was significantly higher in females than in males. No 

obvious clinical signs of respiratory infection (coughing, nasal discharges) were present in spite of 

the high prevalence that was noted in this study. Donkeys most at risk of developing disease related 

to high infection intensity are geriatric and/or immunocompromised (13).D. arnfieldi in donkeys, in 

contrast to mature horses, is permissive of the entire life cycle. Co-grazing horses are more likely to 

develop clinical signs, so care must be taken to control for lungworm in resided donkeys. 

 The prevalence of Gastrodiscus aegyptiacus (intestinal fluke) in present study was 51.4 % in 

donkeys. The finding of current study was much higher than previously reported in Zimbabwe (in 

2/14 animals) (21), and Ethiopia (14, 15, 17), but less than that which was reported in donkeys (63.0 

%) in South Africa (45). The higher prevalence in this study may be due to the difference in 

geographical location and climatic conditions of the area from the other study areas. This study area 

is comfortable for the snail population, the intermediate host of intestinal fluke as in South Africa 

(46).The pathogenicity of G. aegyptiacus to its definitive hosts has not yet been satisfactorily 

established, but it is commonly believed that it is relatively unimportant. However, reports from 

Ethiopia (47), South Africa (48), and Zimbabwe (49) concluded that it can be pathogenic to horses 

and may even lead to acute colic and death. 

The prevalence of Parascaris equorum (horse ascarid) was 10.5 % in donkeys in the present study. 

It is in agreement with the reports from Sudan (10.7 %) (40), Turkey (9.8 %) (26) and India (14.93 

%) (22).The reported prevalence from Ethiopia (11, 14, 15, 17, 35, 50, 51), Burkina Faso and 

Zimbabwe (22) is higher and disagrees with this study. The difference in prevalence from different 

reports in developing countries is somewhat conflicting and this could be due to compromised 

immune response related to concurrent disease, but it worthy of further investigation (11). A relatively 

high prevalence of Parascaris equorum in the youngest donkeys was noted in this study which is in 

agreement with the general opinion that P. equorum is a parasite of young horses (52).Horses develop 

excellent acquired immunity to this infection, resulting in infections being limited to sucklings, 

weanlings and yearlings and being observed only occasionally in horses older than 2 years (53). The 

relative high prevalence of P. equorum in mature donkeys of Chipinge district could be attributed to 

an inability to develop immunity at a young age as a foal or they may have been immunocompromised 

as adult. This is in agreement with other reports (10, 13, 54) that in donkeys, mature animals harbor 

patent infection. Hence, it would therefore appear that, it is common to find ascarids in adult donkeys. 

Otherwise healthy mature donkeys may be important source of pasture contamination and, when 

compromised through overwork, ill health or poor nutrition may be at risk of disease. Prevalence of 

ascarids was higher in females than males like infection with strongyles, which could be due to the 

fact that females might have lower immunity because of gestation, lactation and oestrus. 

Oxyuris equi (pinworm) (8.6 %) was one of the least prevalent in donkeys in the current study. 

Previously this parasite has been found in high numbers in some donkeys in Zimbabwe (21) but now 

it is not very common as the cyathostomins (23). Recorded prevalence of O. equi in donkeys of 

Chipinge district was higher than in Ethiopia (14, 15, 17), Botswana (7) and Turkey (26). In this 

study the highest prevalence was determined in youngest and oldest groups of animals, as well as in 

males in comparison with females. The highest prevalence might be due to the effect of the climatic 

conditions in the present study area, the standard of stable hygiene and more likely the method of 

examination.  
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Eggs are rarely found on routine faecal flotation examinations, but by removing of egg clumps 

deposited by adult females on the perinea skin (31). It is worth noting, that this parasite  produces 

anal irritation and intense anal itching by the egg laying activities of the female worms that may result 

in rubbing and scratching of the rear region, restlessness, improper feeding and loss of condition.    

Strongyloides westeri (threadworm) showed the lowest prevalence in this study (1.9 %) and the 

parasite was found only in mail donkeys aging 2-6 years. This species was not presented in other 

countries (7, 17), had nearly the same level (18, 24, 40, 45) or reached a high incidence rate in some 

other areas (10, 14, 15, 19, 37). It has been reported that infections of S. westeri in foals usually 

disappear completely between 15-25 weeks of age (55). The prevalence of Strongyloides westeri in 

adult donkeys of the present study corroborates similar findings in adult donkeys (24, 45) in other 

African countries and Zimbabwe (10). 

In this study, donkeys were infected by a range of helminth species with moderate prevalence. The 

presence of polyparasitism was an indication that favorable environmental conditions for infection, 

survival and perpetuation of the parasites exist in Chipinge district. However, the information on the 

different species of donkey helminth parasites is still limited. A detailed study of the epidemiology, 

pathogenicity, medication and control strategies, and the immune response of donkeys to the infection 

of each parasite species is highly recommended. 

The assessment of anthelmintic efficacy of ivermectin (oral drench) against the internal parasites of 

donkeys using a faecal egg count reduction test revealed a high susceptibility of large strongyles to 

it in all age groups of studied animals. The treatment with ivermectin and other macrocyclic lactones 

led to substantial reduction in the prevalence of large strongyle infection in managed equines as these 

anthelmintics are highly effective against the pathogenic larvae (13). Although these parasites have 

become rare in horses in most of developing world (56) they remain a threat for donkeys in 

developing countries where administration of macrocyclic lactones is absent (15).No information on 

anthelmintic resistance have been reported in large strongyles. Cyathostomins, Parascaris equorum 

and Triodontophorus spp. were resistant (P>0.05) against ivermectin only in young donkeys. In this 

study the results of cyathostomin resistance are in contrary with other findings (57) in horses treated 

with ivermectin. However, it was found out that the counts of small strongyle eggs per gram faeces 

were returning quicker than initially after ivermectin and moxidectin treatment of equines (58) which 

is the case in this study. It is documented that the efficacy of ivermectin against encysted helminth 

stages in the intestinal walls of the animals is low. The 4th stage encysted larvae re-emerged and re-

infect once the therapeutic levels of the drug in the body have waned. The resistance shown in this 

study could have occurred as a result of the sharing of communal pastures with other donkeys, 

sometimes new for the area. However, the efficacy of the ivermectin was shown by the fact that all 

controls had a negative faecal egg count reduction as compared to the treated which had positive 

faecal egg count reduction. 

5. CONCLUSION AND RECOMMENDATIONS 

This study revealed occurrence of mixed gastrointestinal and lung parasite infection in donkeys in 

Chipinge district. The identified eggs/larvae types indicated strongyles, Dictyocaulus arnfieldi, 

Gastrodiscus aegyptiacus, Parascaris equorum, Oxyuris equi and Strongyloides westeri. Strongyles, 

Dictyocaulus and Gastrodiscus were most common parasites with high prevalence in the area of 

study, so that greater importance should be given to this situation.  
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Donkeys of different age groups in the present study had significantly different prevalence of 

helminth parasites. Youngest donkeys generally had a highest prevalence of strongyles, Dictyocaulus, 

Gastrodiscus and Parascaris. The level of infection with these parasites was also high in older 

animals, which is a risk factor for occurrence of gastrointestinal and lung parasitism in the working 

donkeys kept at poor feeding management system. Generally, ivermectin (oral form) was effective 

against nematode helminths in donkeys, but a resistance was noted in Triodontophorus spp. 

Parascaris equorum and cyathostomins in donkeys less than two years old. 

In study area very little attention has thus far been paid to the parasites of donkeys. The presence of 

several species of helminths in the same animal as revealed in this study suggested that it is highly 

likely that these parasites might exert pathological effects on donkeys. The animals are further 

subjected to the stress of poor nutrition and hard work which aid in the precipitation of infection. 

Based on the above conclusion the following recommendations were forwarded: 

1. Regular monitoring faecal worm egg counts of donkeys, to control level of helminth infection 

and to check the efficacy of deworming. Submit fresh dung samples to the vet for worm egg 

counts to be done, (once or two times per year and 10 – 14 days after deworming), which will 

give a good indication of worm infection level, need for deworming and drug resistance. 

2. Deworming of infected donkeys when worm egg counts reach 200-500 per gram faeces with 

an effective anthelmintic drug. 

3. Donkeys would benefit from anthelmintic treatment during the dry season when they are sub-

jected to poor nutrition.  

4. Implementing appropriate housing and feeding management system for donkeys so that the 

animals are in good body condition in order to keep some level of resistance against helminth 

infections and donkeys to be utilized more efficiently. 
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51. Poultry Litter as a Nitrogen Supplement to Hay Fed to the indigenous Sabi Sheep  

Trinity S. Sendaa, Joseph L. N. Sikosanab, Givious Sisitoa and Michael Musasiraa                                    

Matopos Research Institute. P Bag k 5137, Bulawayo, Zimbabwe                                                   

Department of Research and Specialist Services. P Bag CY 594 Causeway. Harare, Zimbabwe, 

sendatrinitys@yahoo.com 

ABSTRACT 

The study was carried out at Matopos Research Institute to compare the effect of supplementing the Sabi 

sheep with poultry litter and All- in- lamb meal on the average daily gain (ADG) and dry matter intake 

(DMI). The poultry litter used was collected from a broiler house where wood shavings were used as 

bedding.  The litter was sun dried and had 20.86% crude protein (CP).  Poor quality hay (mixed grass 

species) was used as the basal diet in the three treatments and had 1.98 % crude protein.  Thirty pure 

Sabi castrates were used with each confined in a 2 x 2m pen for 52 days. The control group was given 

All- in- lamb meal with 12.28% crude protein.  The other two treatments consisted of 0.1kg and 0.2kg 

poultry litter respectively.  A complete randomized design was used, with each treatment being 

replicated ten times.  The results obtained showed that diet had a significant effect (p < 0.05) on DMI 

(0.523kg +/-0.019kg for the control (hay + All-in lamb meal). DMI for treatment two (hay + 100g 

poultry litter) was (0.470kg +/-0.019 kg) and (0.482kg+/-0.019kg) for treatment three (hay + 200g 

poultry litter). Diet 2 and 3 had a similar effect on DMI. Diet had a significant effect on ADG (p < 0.05). 

Treatment one was similar to treatment three on ADG (0.031kg +/-0.012kg) but both were significantly 

different from treatment one which was higher (-0.002kg+/-0.012kg).  The study concluded that poultry 

litter can be used as a nitrogen supplement to hay for maintenance purposes.  

Keywords: Average daily gain, Dry matter intake, Sabi sheep, diet 

1.0 INTRODUCTION 

Feed is one of the major factors limiting production in smallholder farming systems. During the dry 

season it is important that the animals are supplemented so as to maintain their body condition, reduce 

susceptibility to diseases and improve fertility. The sheep and the goats have been found to be a viable 

livelihood option for most of the farmers.  They however often do not get good prices because of the 

poor condition of the animals especially in the dry season. Poultry litter offers an attractive and cheap 

feed for ruminants. Feeding poultry litter is done primarily because litter is a relatively cheaper source 

of nitrogen and not because it has any superior nutritional qualities (Hadjipanayiotou, 1994). Feeding 

the litter to ruminant livestock tends to decreases the cost of feeding and also minimises the effects of 

its contribution to environmental pollution in areas of intensive poultry production (Kellerher et al 2002; 

Kim et al 2000). In Zimbabwe the poultry industry has been growing steadily over the years. There are 

big poultry producers in the country and most households in urban areas are into broiler production to 

supplement household income. Poultry is raised mainly on a deep litter and battery system and the litter 

is produced in large quantities and mainly used as fertilizer to supply nitrogen to the soil (Fontenot and 

Jurubescu 1980). On the other hand smallhoder small stock keepers are not able to purchase commercial 

nitrogen supplements for their animals.  Poultry litter is a waste product which contains excreta, spilled 

feed, feathers and broken eggshells in the case of layers that contribute significantly to its energy value 

(Prabakaran, 2003).  However it’s real feeding value is attributable to its provision of non-protein 

nitrogen (NPN) rather than energy (McDonalds et al 2011). Caged layer waste has lower fibre content 

than that of broiler litter which has a base of straw, wood chips or saw dust as bedding and also broiler 

litters vary in composition depending on the number of batches put in between changes of bedding.  
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The quality of the feed consumed by the bird has a far-reaching effect on the nutritive value of the 

excreta produced (Kim et al 2000)  

Chemical analyses show that crude protein in poultry litter varies between 14 and 30% on a dry matter 

basis (Van Ryssen et al 1993). Microorganisms in the rumen have a unique ability of utilising uric acid 

and other forms of NPN in the litter to make microbial protein that is subsequently digested in the lower 

gut of the host animal hence the inclusion of poultry litter in ruminant rations (Fontenot and Jurubescu 

1980). The study was carried out to assess the effect of feeding poultry litter as a supplement on average 

daily gain and average daily intake of indigenous sheep.  

2.0 OBJECTIVES  

The objective was to: 

a) To compare the effect of supplementing the diet of the Sabi sheep with poultry litter at two levels 

against ‘All in lamb meal’ on the average daily intake and average daily gains. 

3.0 MATERIALS AND METHODS 

3.1 Study site 

The study was carried out at Matopos Research Station situated at the longitude 280 30l E, latitude200 

23l and altitude 1340m (DR&SS, 1999). The area is characterized by a distinct wet season and a distinct 

dry season. The wet season starts on average from mid-November to mid-March. Little or no rain falls 

during the rest of the year. As elsewhere in Zimbabwe nitrogen deficiency limits crops and grass growth 

and in the natural states the available phosphorous content is low. Potassium supply is plentiful. 

3.2 Animals used and diet preparation 

Thirty pure Sabi sheep castrates from the Matopos Research station flock were used. They were aged 

about eighteen months and weighing between 19kg and 27kg.The hay was milled through a 10mm 

screen. The poultry litter was sun dried and thoroughly mixed and then sifted through a 20mm sieve to 

remove caked material. Feed samples were taken to the laboratory for chemical analysis. The diets were 

analyzed for nitrogen (N) using the macro-Kjeldahl technique, dry matter (DM) and ash content. Crude 

protein (CP) was estimated by multiplying the nitrogen concentration by 6.25 (AOAC, 1984). Neutral 

detergent fibre (NDF) and Acid detergent fibre (ADF) were determined using the technique of Van Soest 

(1992).   

Chemical analysis of feeds (hay and poultry litter) was done at the Matopos Research Institute laboratory 

prior to being used as experimental diets. The results are shown in Table 2.1. All in lamb meal nutritional 

composition results were obtained from Agrifoods- Bulawayo who is the manufacturers of that 

commercial feed.  The crude fibre, Calcium and Phosphorous composition of the litter were not 

determined.  Poultry litter had the highest amount of crude protein as compared to the other diets (hay 

and All in lamb meal). 
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Table 3.1.The nutritional composition of feedstuffs used to formulate the diets 

Component % Hay  Poultry litter All in lamb meal 

CP 2.98 20.86 12.20 

NDF 75.99 53.06 25.50 

ADF 56.31 26.39 - 

DM 94.06 92.43 90 

Ca - - 1.1 

P - - 0.3 

ASH 15.75 8.94 7.3 

CF - - 11.86 

3.3 Measurements taken  

Daily feed intake was calculated by subtracting the amount of feed refused from feed offered. The 

average daily intake and average daily gain were calculated as follows: 

Average daily intake (for an individual animal) = (Total feed intake)/52 

Average daily gain (for an individual animal) = (Final weight – Initial weight)/52 

Treatment averages were then calculated as follows: 

Treatment Average daily intake (ADI) = (Total average daily intake for that treatment)/(number of 

animals in that treatment) 

3.4 Experimental design and treatments 

The animals were weighed at the start of the experiment. A complete randomized design was used with 

each treatment being replicated ten times. Weighing of the animals was done on a weekly basis using 

the Rhuddi weigh electronic scale with an accuracy of 0.2kg. Table 2.2 shows treatment compositions.   

Table 3.2 Treatment compositions. 

Treatment Composition  

1(control) Hay + All in lamb meal 

2 Hay + 100g poultry litter  

3 Hay + 200g poultry litter  

3.5 Animal management and housing 

All experimental animals were vaccinated against pulpy kidney and botulism. They were also dosed for 

internal parasites a day before induction. Dipping was done a day before induction and tick grease was 

applied whenever it was necessary.  All animals were penned in individual pens 2m x 2m for 52 days. 

The pens were under a roofed shed with open sides to ensure adequate ventilation.  
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The animals were given 14 days of acclimatization to the test diet and the environment.  Each pen 

contained an individual feeder and a water trough. Clean drinking water was made available ad lib and 

the pens were cleaned at least once a week. 

3.6 Statistical analysis 

The data was analyzed using Genstat 6.1 Release (2002) of Lawes Agricultural Trust, Rothamsted 

Experimental Station.  Analysis of variance (ANOVA) was done to test the effect of the diets on the ADI 

and ADG of the Sabi sheep. Diet and initial weight (the covariate) were the sources of variation. Data 

exploratory analysis was done using residual plots, simple histograms to check the data for normality 

and other assumptions of general linear models. Mean separation was done using the Least Significant 

Difference (LSD) test at 5% level of significance. 

The model used was: 

Уij = µ + Ʈi + ԑij 

Where: Уij= is the response from the ith treatment 

µ= is the overall mean 

Ʈi= is the ith treatment effect 

ԑij= is the residual error 

4.0 RESULTS 

4.1 Average daily intake 

Table 3.1 shows that diet had a significant effect on ADI (p< 0.05). Animals in treatment one (hay + All 

in lamb meal) had a significantly higher ADI than those in treatment two (hay + 100g poultry litter) and 

three (hay + 200g poultry litter). After comparing the two levels of poultry litter, it was found that ADI 

from these two levels was not different.  

Table 3.3 The average daily intake of hay by the Sabi wethers in different treatments 

Treatment ADI (g) 

Hay + All in lamb meal 

Hay + 100g poultry litter 

Hay + 200g poultry litter 

523.35a  

470.39b  

482.34b   

Overall mean 

F- probability 

s.e.d 

LSD 

CV% 

494.00 

0.026 

20.66 

42.73 

8.3% 

Different superscripts across the treatment means are significantly different from each other (p< 0.05) 

4.2 Average daily gain 

Table 4.2 shows that diet had a significant effect (p < 0.05) on ADG. Gains from treatment one (hay + 

All in lamb meal) were not different from gains in treatment three (hay+ 200g poultry litter) with 
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treatment two (hay+ 100g poultry litter) being significantly lower than these two.  Animals in treatment 

two (100g poultry litter) lost weight 

4.3 Animal Behavior and Mortality 

During the feeding trial three animals died. The first animal to die was on a poultry litter diet and it was 

completely rejecting the litter. Its average hay intake was 110g per day. It died 14 days into the 

experimental period. The other two animals died after being in the trial for 28 and 35 days respectively. 

They were diagnosed with diarrhoea and were both on poultry litter diets that are treatment one and two. 

These animals were excluded from the analysis. At times the hay milled was too dry that it produced a 

lot of dust and the animals used to select all the short hay and leave dust only. Animals in treatment one 

(hay + all in lamb meal) started eating and finishing all the supplement right from the start of the 

experiment.  In treatment two (hay + 100g poultry litter) and three (hay +200g poultry litter) the animals 

started finishing all the poultry litter offered at about a week after the start of the experiment. 

Table 4.1. Average daily gain of the Sabi sheep castrates for in different treatments 

Treatment ADG (g) 

Hay+ All in Lamb meal 

Hay + 100g poultry litter 

Hay + 200g poultry litter 

0.031 a 

-0.002b 

0.028a 

Overall mean  

F- probability  

s.e.d  

LSD  

 

0.0203 

0.034 

0.013 

0.0265 

Different superscripts across treatment means are significantly different from each other (p<0.05). 

There is a positive linear relationship between ADG and ADI. Figure 1: Shows that those animals which 

had a high intake also had a high gain. However some animals maintained their weight regardless of the 

hay intake. 

 

Figure 4.1. The relationship between ADI and ADG 
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5.0 DISCUSSION 

5.1.1 Average daily intake and Average daily gain 

Average daily intake was high in treatment one were All in lamb meal was used as a supplement. In 

treatment two (hay + 100g poultry litter) and three (hay + 200g poultry litter) average daily intake was 

the same but lower than in treatment one (hay + All in lamb meal). This could have been due to the fact 

that All in Lamb meal contains molasses making it very palatable and increasing the intake of hay. 

Manyuchi et al, (1992) compared dried poultry manure and cotton seed meal (CSM) and found that it 

was inferior to CSM but effective in preventing weight loss in steers and increased intake of poor quality 

hay by sheep. Muller (1980) fed lambs using broiler litter as a substitute for conventional sources of 

protein soya bean meal and ammoniated molasses. ADG of lambs were 200g on both rations using either 

broiler litter or soya bean meal as the main protein source (Kim et al 1993).  

In this study there was no significant difference in ADG between animals eating 200g all in lamb meal 

and 200g poultry litter and they were 30g and 28g respectively. Fontenot et al, (1980) used fattening 

rations containing 68%, 58%, 48% and 38% poultry litter and found that there were no significant 

differences among poultry litter diets for ADG. He found that the differences were between poultry litter 

diets and leurcene instead.  In this study there was no significant difference in ADI on poultry litter diets 

but a significant difference in ADG. This could be attributed to the fact that there was no source of 

energy in the form of readily fermentable carbohydrates for the rumen microbes to be able to utilise the 

non- protein nitrogen in the litter. Bishop et al, (1971) fed poultry litter to wethers at levels 50 % and 

70% in the form of a meal or cubes and gains of 140g and 250g per day respectively were recorded. 

These gains were higher than those observed in this study mainly because, in the study inclusion rates 

were low (100g and 200g). Gains of 50g per day were observed by Hadjipayiotou (1994) when he fed 

Chios ewe lambs with silage containing poultry litter. Ensiling improves the nutritive value of the litter 

thus he got gains better than those in the study. 200g poultry litter and 200g all in lamb meal resulted in 

gains that are not significantly different hence it would be economically proper to feed poultry litter 

which is cheaper and available on a large scale. Daniel and Olson, (2005) recommend that poultry litter 

rations need to be supplemented with an energy source, and they suggest corn as one of the options. 

However it is highlighted as critical to supplement such diets with Vitamin A since poultry litter is 

usually low in this nutrient by Daniel and Olson (2005).  

6.0 CONCLUSION  

Poultry litter can be used as a nitrogen supplement to hay fed to sheep as it affects the growth 

performance of sheep. It is however important to take note of the inclusion rate. In this study animals 

on a 100g poultry litter diet lost weight whilst those on 200g poultry litter diet gained weight. Feeding 

sheep 200g poultry litter would be advisable especially for maintenance purposes since the gain is too 

small for economic considerations. Further research can be carried out to find out the effects of 

supplementing with 50:50 poultry litter and all in lamb meal. In feeding poultry litter as a supplement it 

is important to include a source of energy for the rumen microbes for them to be able to convert NPN 

into microbial protein, which will thus be used by the host animal. It is also critical to ensure that poultry 

litter rations are carefully balanced to meet the requirements for sheep and minimise potential mineral 

excess. It is also important to note that in as much as poultry litter is a sound nutritional management 

option; some consumers may become alarmed because of the stigma associated with feeding animal 

excreta to other animals.  
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6.1 RECOMMENDATIONS 

Animals on a 100g poultry litter diet had a lower intake than those on a 200g all in lamb meal diet but 

the gain was the same.  It would therefore be cheaper for a farmer to feed poultry litter as a supplement 

in the event that hay is limited and it can be fed for maintenance purposes. 
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ABSTRACT 

The national tick survey was undertaken between 2012 and 2013 to update the distribution of ticks in 

Zimbabwe. Tick samples were collected from 23 districts (five districts randomly selected from each of 

the agro-ecological zones II-V and all the 3 districts in agro-ecological zone I). Ten dip tanks from each 

of the 23 selected districts were sampled. At each dip tank, ten cattle were randomly selected and tick 

samples were collected from the predilection sites which include head, neck, ears, body and tail switch, 

scrotum, udder and legs. 

Tick samples collected were sent to the Central Veterinary Laboratory (CVL) for identification and 

characterisation. The survey ran for twelve months to cover all the annual seasons of the year and 

samples were collected every month. Tick taxonomy was then carried out using diagnostic keys as 

elaborated by Hoogstral(1956) and Walker, et al (2003).  

The new distribution pattern of different tick species according to dip tank, district and agro-ecological 

zone was then determined and documented. Maps were generated using the ArcGIS software.  From the 

maps it could be seen that the ticks now show a new distribution pattern nation-wide.  

The Amblyomma tick species of economic importance which were recorded in this national tick survey 

are Amblyomma hebreum and Amblyomma variegetum. These two tick species transmit Ehrlichia 

ruminantium (Cotzeret al 1994) which cause major losses in Southern Africa (Makala et al.2003) 

including Zimbabwe. Distribution maps generated for the two ticks demonstrated major changes in their 

distribution pattern compared with the previous maps. Amblyomma hebreum  which was known to be 

confined to the South Eastern Lowveld of Zimbabwe (Norval 1983a.) is now found to be in all agro-

ecological zones of the country. The Distribution map for Amblyomma variegetum also indicates that 

the tick is no longer confined to parts of the lower Zambezi but has spread eastwards and is now found 

in areas like Mazowe district. The spread of the two Amblyomma ticks also points to possible change in 

the distribution of heartwater in Zimbabwe.  

BACKGROUND 

Ticks and Tick Borne Diseases (TBDs) are responsible for major cattle losses (Norval 1979; Lawrence, 

Foggin and Norval 1980). In order to control ticks and TBDs the Zimbabwean Government through its 

Department of Veterinary Services implemented an intensive dipping programme (Norval et al 1992) 

supported with acaricide resistance testing to ensure an effective use of dipping chemicals. The tick 

species prevalent in a particular natural agro-ecological zone and acaricide resistance test results 

determine the type of dip and dipping intensity for that area or zone.   

The tick species distribution in Zimbabwe’s five natural agro-ecological zones and districts is directly 

associated with the distribution of tick-borne diseases they transmit (Katsande et al 1995). Any changes 

in the tick distribution may result in new tick borne diseases being introduced in areas where certain tick 

borne diseases were previously not recorded. Over the past few years Ehrlichiosis (Heartwater) was 
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reported in Mashonaland Central (DVS Annual report 2012), though according to the old tick 

distribution map Amblyomma hebreum was only restricted to the South East Lowveld (Norval, 1983a.) 

while Amblyomma variegetum was limited to the Zambezi valley and surrounding regions and thus 

heartwater was also limited to these areas. The new tick borne disease distribution pattern is perceived 

to be directly associated with changes in the distribution of tick species in the 5 agro-ecological zones. 

Apart from showing the distribution of different tick species the maps also give us the possible 

distribution trends of related Tick borne diseases (TBDs) in the country. 

A number of factors such as changes in the livestock farming systems during the agrarian reform, 

potential acaricide resistance and climate change (Gandiwa and Zisadza, 2010) could have resulted in 

the change in tick distribution pattern. 

It was therefore necessary to carry out the national tick survey to update the national tick distribution 

map. The new distribution map is expected to influence the decission making process of policy makers 

and animal disease control authorities in the formulation and implementation of the Ticks and Tick-

borne diseases control strategy.  

Materials and Methods: 

Selection of sampling sites (Districts and Diptanks) 

Sampling sites were selected randomly according to the following strata. The first strata were agro-

ecological zones, the second were districts and the third were diptanks. All Zimbabwe’s five agro-

ecological zones namely I, II, III, IV and V were sampled. From every agro-ecological zone, 5 districts 

were selected. Agro-ecological zone I had all its districts sampled because it has only three districts 

which are Mutare, Chimanimani and Chipinge. A total of 23 districts were therefore sampled. The third 

strata was composed of 10 diptanks from each of the selected districts.  

Sampling procedures: 

A total of ten animals were randomly  sampled per diptank. Ticks were collected from predilection sites 

for each animal which include head, neck, ears, body and tail switch, scrotum, udder and legs were 

sampled. A maximum of ten ticks were collected from each predelection  site. 

The tick samples were collected into universal bottles and preserved in 70% alcohol, 5% glycerol and 1 

% chloloform. The samples from the 23 districts were then submitted to the Central Veterinary 

Laboratory (CVL) for identification and characterisation on a monthly basis throughout the year. 

Data Capture and Processing: 

A national tick survey results data base was created. The database captured information submitted by 

the laboratory after tick identification. Data captured include agro-ecological zone, district, dip tank, dip 

tank coordinates, the tick species name and number per each sampling site. The captured data was then 

analysed and used to generate tick distribution maps using the ArcGIS software.  

RESULTS 

The maps produced show major changes in both the tick distribution and respective tick species densities 

per sampling site. The maps generated include those showing the distribution and densities for 

Amblyomma hebreum and Amblyomma variegetum. The maps are given for referencing. 

http://www.rcz.ac.zw/


10th Zimbabwe International Research Symposium Book of Papers Presented (ISSN: 2412-2386) 

Published by Research Council of Zimbabwe   

Website: www.rcz.ac.zw  651 

The most common and abundant ticks were Amblyomma hebreum, Rhipicephalus decoloratus and 

Rhipicephalus appendiculatus. Distribution maps generated included those of Amblyomma hebreum, 

Amblyomma variegetum, Rhipicephalus (Boophilus) decoloratus, Rhipicephalus (Boophilus) microplus, 

Rhipicephalus evertsi everstii, Rhipicephalus appendiculatus, Rhipicephalus zambesiensis, Hyalomma 

marginatum rufipes and  Hyalomma truncatum. 

In this publication, distribution maps and site tick densities for Amblyomma hebreum and Amblyomma 

variegetum are given and discussed.  

Amblyomma hebreum is now all over the country extending into the highveld of the country. It is now 

found in all the agroecological zones of the country  with huge densities in the south east lowveld and 

the highveld as well (Fig 1, below). 

 

Fig 1. Showing distribution of Amblyomma hebreum in Zimbabwe. 

Amblyomma variegetum is found parts close to the Zambezi, with major densities in the central Highveld 

of the country(Fig 2, below). The highest density of this tick was recorded in the Mazowe area. Ideally, 

Amblyomma variegetum is mainly found in the western half of the country with a few pockets in Mutare 

and one pocket in Chiredzi. 
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Fig 2. Showing the Distribution of Amblyomma variegetum in Zimbabwe. 

There is an area of overlap in the distribution of Amblyomma hebreum and Amblyomma variegetum in 

the central Highveld of the country. However, in areas where Amblyomma hebreum is present 

Amblyomma variegetum was either absent or recorded in low densities and vice versa (Figs 1 and two, 

above). 

DISCUSSION 

For the purpose of this publication, discussion focus will be on the distribution and densities of the two 

Amblyomma tick species of economic importance, Amblyomma hebreum and Amblyomma variegetum. 

Major changes in the distribution and tick densities for all the tick species recorded was established 

under this national tick survey. A number of factors are implicated as causes of changes in the 

distribution of ticks in Zimbabwe. These include, among others, acaricide resistance and reduced 

acaricide usage (Norval et al, 1994), climate change᷃ (Estrada-Pen᷃a, 2008). The change in the farming 

system also contributed significantly to the change in the distribution of these ticks. As big commercial 

farms were being reduced to smaller farms during the Agrarian Reform Programme, cattle movement 

controls among the newly resettled farmers were not easy to implement. Intensive dipping up to 36 times 

per year and extensive use of acaricides (Norval 1983) could have contributed to the development of 

resistance among tick species. Climate change was also implicated for the change in the distribution of 

ticks in Zimbabwe (Estrada-Pena,2008).  
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Distribution of Amblyoma hebreum;  

The current distribution map shows that Amblyomma hebreum is now all over the country. The 

distribution is quite even though slightly higher densities were recorded in the southern lowveld of 

Zimbabwe. There are just a few districts where the tick is found in limited localities such as Binga, 

Nyanga, Makonde, Mazowe and Zvimba districts. Amblyomma hebreum,previously,was confined to the 

South East Lowveld (Peter et al 1998a) The new distribution pattern suggests that heartwater disease is 

no longer confined to the lowveld but is now widespread in all areas where the Amblyomma hebreum 

tick vector was recorded. This is in agreement with the DVS annual report (2012) which indicated the 

presence of heartwater in areas free of the disease, which indicated the change in the distribution of its 

vectors had changed. 

Distribution of Amblyoma variegetum; 

Amblyomma variegetum is found mainly in the northern half of the country. Previously it was mainly 

found in the north western parts of the country (Norval et al 1994). This tick is showing that it is 

spreading easterly though it’s still absent or poorly distributed in the eastern border districts. The tick 

was also found in Mutare and in the Burma valley area (Norval 1983a). The highest density of 

Amblyomma variegetum ticks was found in Mazowe, a district which was historically known to be free 

from the tick. This tick is also associated with the spread of dermatophilosis which is also known as 

Singobo (Chatikobo et al 2001, Ndlovu and Masika 2013). 

Thus, ehrlichiosis (heartwater disease) could be prevalent in all the 5 natural agro-ecological zones of 

Zimbabwe as a result of the widespread distribution of its two vectors Amblyomma hebreum and 

Amblyomma variegetum.   The failure of Amblyomma variegetum to spread more is most likely due to 

climatic pressure as well as interspecies competition with Amblyomma hebreum (Norval, 1983a). There 

is little or no Amblyomma variegetum in areas where Amblyomma hebreum was recorded, thus 

confirming interspecies competition. There is therefore needy to intensify tick control in order to reduce 

the economic impacts of Amblyomma and other ticks in Zimbabwe. 
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ABSTRACT 

Enzymatic degradation of nitrogenous compounds in chicken excreta produces ammonia gas which is 

detected as a pungent smell in poultry houses. Ammonia gas causes foot and leg problems, respiratory 

infections, poor weight gain and poor feed conversion in broiler chickens. A study was conducted at the 

Copperbelt University to control the amount of free nitrogenous compounds in chicken gut and excreta 

as well as ammonia gas levels in poultry houses and its effect on growth rate of broiler chickens. Two 

hundred broiler chicks in four equal groups, namely; control, three treatments (i.e. 0.3, 0.6 and 0.9% 

charcoal per kilogram of feed on mass basis) were raised for six weeks. The data collected on weight 

gain was subjected to analysis of variance using Minitab version 16. The concentration of ammonia in 

the chicken excreta increased with charcoal content while the opposite occurred regarding ambient 

ammonia. Nitrogenous compounds form strong bonds with charcoal and so none were available for 

reaction with urecase enzyme which resulted in decreased ambient ammonia. The treatment with highest 

charcoal proportion recorded the least mortality possibly due to health benefits of charcoal. The superior 

weekly weight gain of treatment 0.9% showed that incorporation of charcoal in the feed improved feed 

utilization as well as chicken resilience as shown by reduced mortality. The study revealed the potential 

of controlling ammonia gas production in broiler chicken houses by incorporating charcoal in the feed. 

Keywords: Ammonia, Broiler chicken, Charcoal, Feed conversion, Urecase enzyme, Nitrogenous 

compounds 

1. INTRODUCTION 

1.1. BACKGROUND 

Some small-to-medium scale farmers in Zambia are engaged in chicken rearing for their livelihood. It 

is a business that is widespread and more concentrated in urban and peri-urban areas because the nearest 

and most reliable market is more pronounced in urban areas. 

A pungent odour emanating from ammonia (NH3) gas released during chicken brooding has been 

reported (18; 7; 14). Chicken litter is a composition of chicken faecal matter, bedding material, feed, 

and shed feathers (4; 6). It is the degradation of uric acid in the faecal matter in particular, that is 

implicated in the production of ammonia gas. Water, pH and temperature also play a role; and with 

higher moisture, microbial degradation is accelerated (8). 

The 0 to 28 days exposure of both layer and broiler chickens to atmospheric NH3 gas concentration 

exceeding 50 ppm slows growth, increase susceptibility to disease and mortality (15; 11; 18). Research 

carried out in Turkey show that NH3 levels as low as 20 ppm compromises poultry immune systems, 

increases susceptible to disease and damages the respiratory system (1). This has dire economic loses 

such as poor weight gain resulting from poor feed conversion (12). Additionally, NH3 emissions from 

poultry houses cause environmental problems, such as acid precipitation, fine particulate matter 

formation and nitrogen deposition into the aquatic systems. 
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The economic losses associated with poor litter management in broiler chicken houses has spurred some 

poultry growers to develop litter amendments to control NH3 gas volatilization. These include inhibitors, 

alkaline materials, adsorbers, microbial and enzymatic treatments. The manipulation of diet has been 

used to lessen NH3 gas in poultry houses (2; 17; 10). For example, organic charcoal can be used to 

adsorb NH3 gas or metabolic ammonium (NH4
+) in poultry alimentary canal by incorporating small 

quantities in the bedding or feed. Charcoal is non-digestible, but is extremely absorbent and soaks up 

toxins in the alimentary canal. 

Preliminary results in the School of Mines and Mineral Sciences of the Copperbelt University showed 

that the concentration levels of NH3 gas can reach very alarming levels to an extent of beginning to 

affect the owners of the chickens, the neighbours and probably the chickens themselves. 

The research hypothesis was that the adsorption of uric acid, in the alimentary canal of chickens, by 

normal wood charcoal varies with the amount of charcoal particles incorporated in the feed. Therefore 

as the amount of wood charcoal in chicken feed increases, the amount of uric acid in the chicken cloaca 

reduces and so does the faecal matter moisture content. The increased amount of ammonium compounds 

adsorbed will reduce uric acid content in the faecal matter and so less NH3 gas will be volatilized and 

drier faecal matter will impede activities of uricase and urease enzymes. The reduction of NH3 gas will 

improve the growth and health of broiler chickens. 

The research is important in many areas including creating awareness on mitigation measures and 

appropriate technology. This will contribute to creation of healthy environments in and around chicken 

breeding houses in Zambia and in other countries. The main beneficiaries of this study are all chicken 

breeders, both businessmen and businesswomen, in Kitwe on the Copperbelt province. Although the 

study is specific to the Copperbelt province, chicken breeders in and outside the country can benefit 

from this study. 

1.2 PROBLEM STATEMENT 

Chickens reared in an environment of high levels of NH3 gas in most Zambian towns experience health 

problems, such as partial or complete blindness, eye cataracts, abdominal water accumulation, and leg 

problems. 

Most residents in the vicinity of broiler chicken farms complain of a pungent smell (odour) originating 

from chicken houses. Individual citizens have reported the problem of a pungent smell to local 

authorities while some cases have gone to several courts in Zambia. 

Despite the problem, chicken rearing continues as a lucrative business among small-to-medium scale 

farmers in the country. Though most of the poultry farmers are aware of the problem of NH3 gas, they 

lack the capital outlay to invest in research and development and neither do they have the knowledge to 

minimize or eliminate the problem apart from selling the chicken manure as a by-product. 

The decomposition of ammonium compounds in poultry litter into NH3 gas and other odorants results 

from the reaction of microbial enzymes uricase and urease with uric acid in the faecal matter. The 

adsorption of metabolic ammonium, in the alimentary canal of chickens, by organic charcoal varies with 

the amount of surface active material incorporated in the feed as well as its adsorptive capacity. This is 

dependent on the quality of organic charcoal available in an area and the carbonisation process. The 

pore structure of ordinary charcoal is clogged with tars which limit the sorption to the surface.  
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This brings to the fore the importance of surface to area ratio, i.e. particle size, the effective amount of 

adsorptive material. This data is not available for charcoal being traded on the Zambian market. 

1.3 PURPOSE OF THE STUDY 

The purpose of the study was to reduce air pollution which is characterised by a pungent smell associated 

with the breeding of broiler chickens in most urban and peri-urban areas. 

A brood of broiler chickens was raised with an overall objective to establish the amount of ordinary 

wood charcoal, in broiler chicken feed, that effectively controlled the amount of NH3 gas generated in 

chicken houses without endangering the health of broiler chickens or reducing their growth rate. 

The specific objectives were to determine the; (i) effectiveness of different amounts of ordinary wood 

charcoal, in the feed, in adsorbing metabolic ammonium in the alimentary canal of chickens by the 

faecal matter, more so in the cloaca where the excretion products are deposited, (ii) amounts of NH3 gas 

produced in the poultry houses when wood charcoal is incorporated in the feed at different levels, and 

(iii) effect of NH3 gas on the weight gain of broiler chickens. 

2. MATERIALS AND METHODS 

2.1 MATERIALS PREPARATION 

Two (2) bags of 50 kg ordinary indigenous wood charcoal were purchased from open markets in Kitwe, 

ground and sieved into fine, medium and large particles. 

Two hundred (200) day old Hybrid broiler chicks were purchased from Boarder Farmers Corporation 

Plc in Kitwe. Vaccines, maize bran, lime, feed, feeders and drinkers and other supplies were also bought 

from Border Farmers Corporation Plc. 

2.2 PREPARATION OF THE POULTRY HOUSE 

Two poultry houses at a site on the Copperbelt University (CBU) campus in Kitwe were cleaned and 

partitioned with black polythene into two sections with a floor space of 0.09 m2 for each chicken (Fig. 

1). Each poultry house section (PHS) in Riverside and CBU was cleaned thoroughly and the walls were 

painted with lime to disinfect and to eliminate any potential traces of pathogens. Maize bran litter was 

applied on the floor in Riverside for the first two weeks. Wood sawdust was applied from week three to 

six on all PHSs. 

 

(a) 
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(b) 

Figure 7: Painted and partitioned compartments (Copperbelt University, Site 6) 

Artificial heat source was provided for up to two weeks to warm the surroundings to a temperature range 

of 38ºC to 40ºC. Chicks can’t regulate their own body temperatures until they have enough feather cover 

at around 12-14 days of age, as such; optimal body temperature was attained through provision of 

optimal environmental temperature (9; 19). Infra-red lamps, 200 watts bulbs and braziers were used to 

provide heat to the chicks in the first 2 weeks (13). 

A water foot bath was placed at the entrance of each PHS to disinfect shoes of all persons to prevent the 

spread of infection to the chickens. 

2.3 EXPERIMENTAL DESIGN 

Two weeks old chicks were randomly allotted to four equal feeding groups; the control (without wood) 

and three experimental groups (Table 1). Charcoal of different particle sizes and amounts was 

incorporated in the feed after 14 days. This could not be done earlier as chicks at a tender age are very 

sensitive. Charcoal of medium particle size was incorporated into broiler starter and grower, i.e. day 14 

to 27, while charcoal of coarse particle size was incorporated into broiler finisher, i.e. day 28 to 42. 

Coarse charcoal was used later on as smaller particles could not mix well with the pelleted feed. 

Table 5: Experimental design and feed composition 

Treatment (T0) (T0.9) (T0.6) (T0.3) 

Feed composition 0 0.9 0.6 0.3 

Number of chicks 50 50 50 50 

Chicks were raised on maize bran bedding for 7 days and sawdust bedding thereafter. The bedding was 

spread on the floor of each PHS to a height of approximately 3 cm. The bedding was replaced with the 

fresh one on a weekly basis and after every three days when the chicks were over two weeks old. 

T0 received normal basal diets without charcoal incorporation whereas the treatment groups; T0.9, T0.6 

and T0.3 were fed on a feed with different amounts of charcoal. Each PHS was labelled with a tag 

indicating the amount of charcoal included in the feed. 
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2.4 MANAGEMENT OF ACTIVITIES 

Poultry house management is very important because chicks and chicken alike get stressed very easily 

which ultimately affects their performances in terms of development (19). To prevent casualties, the 

chicks were placed in one corner of the PHS upon arrival from the supplier and given glucose dissolved 

in cold water. Glucose revitalizes chicks which could be too tired to feed due to transportation stress. In 

the early days, the feed was sprinkled on newspapers (disinfected ones) to encourage the chicks to start 

feeding. After a day the chicks were introduced to take feed from the feeders and thereafter managed 

intensively on deep litter. 

The control and experimental diets, and clean water were provided ad-lib (as much as required). 

Standard poultry house management practices were adopted throughout the experimental period. The 

space was extended, to a maximum limit of 0.09 m2 per chicken, as the chicks grew in size (13). A 

multiphase feeding regime consisting of proper diets provided by the commercial integrator was 

followed in feeding the birds for 42 days. The feeding system in Zambia is in 3 phases, namely; starter, 

grower and finisher (13). The feeds recommended for this study were 800 to 1000 g/bird for starter feeds 

and 1000-1200 g/bird for grower feeds. The transition from starter to grower involved a change in the 

texture (19; 20; 21) of the feed from crumbs to pellets. Finisher feeds were given from 1200-1500 g/bird. 

Mortalities were removed from the poultry houses when ever that occured and was recorded. 

2.5 ANALYSIS OF BROILER FAECAL MATTER 

The faecal matter of chickens was collected from the PHSs every week on Sundays from the end of 

week 2 at the baseline up to the end of week 6. The samples collected were kept in sealable polythene 

bags, stored overnight in a freezer and then taken to Nkana Water and Sewerage Company laboratory in 

Kitwe for NH3 analysis on the following day. 

2.6 AMBIENT AMMONIA GAS IN POULTRY HOUSE 

The ambient ammonia gas in each PHS was detected and quantified by adsorption into charcoal of small 

particle size (Fig. 2). Two pairs of 33.3 g charcoal were put in ladies pulling socks and then hang on the 

opposite sides of chicken feeders in each PHS. The charcoal samples in the pulling socks were collected 

every week on Sundays, placed in sealable polythene bags, stored overnight in a freezer and taken to 

the Environmental Engineering laboratory at CBU for analysis on the following day. 

 

Figure 8: Placement of lady’s pulling socks, containing 33.3 g of small particle size, placed on feeders 
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2.7 WEEKLY GROWTH OF BROILER CHICKENS 

The weight of each chicken was measured weekly on Sundays using a pan mechanical balance with a 

sensitivity of 0.5 g to monitor their growth by weight and weight change. Each bird was weighed 

individually and its weight recorded. 

2.8 DATA ANALYSIS 

The 1st null hypothesis (Ho) was that ‘charcoal in the broiler chickens feed does not effectively adsorb 

metabolic ammonium in the alimentary canal of chickens and so will not curtail production of large 

amounts of NH3 in PHSs (H0: NH3 control = NH3 treatment (0.3, 0.6, 0.9)’. The 1st alternative hypothesis (H1) was 

that ‘charcoal in the broiler chickens feed effectively adsorbs metabolic ammonium in the alimentary 

canal of chickens and so will curtail production of large amounts of NH3 in PHSs (H1: NH3 control < NH3 

treatment (0.3, 0.6, 0.9)’. 

The 2nd null hypothesis (H2) was that ‘the growth (G) in the control group was not different from that in 

the treatment groups (H0: G control = G treatment (0.3, 0.6, 0.9)’. The 2nd alternative hypothesis (H3) was that ‘the 

growth in the control group was different from that in the treatment groups (H3: G control  G treatment (0.3, 

0.6, 0.9)’. 

The hypotheses were tested using one-way analysis of variance (ANOVA) at 10% level of significance 

in conjunction with multiple comparisons in Minitab version 16 open source software. 

3. RESULTS 

3.1 MANAGEMENT 

3.1.1 Administration veterinary drugs 

Table 2 summarizes the sequence followed in administering veterinary medicines to day old chicks on 

arrival at a reception PHS on 27th September 2013 up to twenty one days.
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Table 6: An outline on the administration of veterinary medications to chicks from the first day upon 

arrival at a reception Poultry House Sections (PHSs) to twenty one days 

GLUCOSE 

STRESS PACK 

CHICK 

FORMULA 

VITAMIN E GUMBURO VITAMIN E 

(INTROVET 

C) 

LESOTA 

Water solution 

for heat & stress 

relief from 1st to 

3rd day 

     

     

 Water 

solution for 

heat & stress 

from 4th to 

17th day 

    

     

 7th to 8th 

day 

   

    

     

  Vaccinated on 10th 

day 

  

     

   15 to 16 day  

   Vaccinated on 18th 

day 

  

     Vaccinated 

on 21st day 

3.1.2 Mortality 

An extra 6 chicks were given by Border Farmers Corporation Plc in addition to the 200 purchased as a 

provision for death associated with transportation stress. About three and half percent (3.38%) of the 

chicks died in the first two weeks at the reception PHS. Fig. 3 shows trends in the mortality of birds 

from week 2 to week 6. 
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Figure 9: Trends in the death of birds at the end of week 2…6 

Instead of stabilizing after 2 weeks, mortality increased in October due to heat stress. Temperatures 

peaked around 14:00 hours when most of the chicks got much stressed and eventually died (Fig. 4 a). 

Ventilation fans were procured and placed on each PHS to regulate temperature and curtail deaths of 

birds due to heat stress (Fig. 4 b). Twelve and half percent (12.56%) of the birds died mostly in the 

control group (Fig. 3). Most of the deaths occurred in the control and 0.3 group probably due to; strong 

NH3 gas pungent smell and inadequate feeding at a PHS in Riverside. The least mortality occurred in 

the 0.9 group. This suggested that charcoal has some effect on the health of chickens. 

(a) (b) 

Figure 10: (a) A bird which had died due to heat stress and (b) Birds enjoying fan circulated cool air 

3.1.3 Administration of feed formulated with charcoal 

The faecal matter of chickens in the control group (T0) had a normal greenish colour (Fig. 5). 
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Figure 11: Chicken dropping from control T0 (Copperbelt University, Site 6) 

In T0.9, the highest amount of charcoal was included in the broiler feed. This amount of charcoal did not 

reduce the daily feed consumption and weekly weight change in relation to other groups. The faecal 

matter from this group was harder and much darker in colour (Fig. 6) compared to the control group 

(Fig. 5). 

 

Figure 12: Chicken faecal matter from T0.9 (Copperbelt University, Site 6) 

3.2 AMMONIA IN FAECAL MATTER 

Fig. 7 shows the percentages of NH3 that accumulated in chicken faecal matter after 6 weeks. The control 

group recorded the least amount of NH3 whilst the 0.9 treatment group recorded the highest amount. 

One-way ANOVA and multiple comparison analysis using Fishers method showed a significant 

difference between 0.9 treatment and all other treatment groups (Fcalc. 2.74, P < 0.009 at 5% significance 

level). 
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Figure 13: The amount of ammonia which had accumulated in the fecal matter of broiler chickens after 

6 weeks of growth 

3.3 AMBIENT AMMONIA GAS IN THE POULTRY HOUSES 

Fig. 8 shows the cumulative percentage ambient NH3 gas concentrations in PHSs from week 2 to 6. The 

ambient NH3 gas concentration in the control group was higher than in the treatment groups. Much 

lower concentrations were apparent in the 0.9 treatment group. 

 

 

Figure 14: Cumulative measurements of ambient ammonia in chicken houses from week 2 to 6 

3.4 WEIGHT GAIN OF THE BROILER CHICKENS 

Fig. 9 shows broiler chickens’ weight gain from week 2 to 6. One-way ANOVA and multiple comparison 

analysis using Tukey method showed a significant difference between the control group and treatment 

0.9 (Fcalc. 4.65, P < 0.004 at 10% significance level) at 6 weeks as there was non significant difference 

at 5%. 
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Treatment N Mean Grouping 

0 43 1927.0 A 

0.9 47 1826.3 A B 

0.3 40 1743.8 A B 

0.6 45 1664.6    B 

Figure 15: Weight gain of broiler chickens from week 2 to 6 of feeding 

4. DISCUSSIONS 

4.1 AMMONIA IN FECAL MATTER 

The control group recorded the least faecal matter NH3 concentrations (Fig. 7). This indicated that a 

substantial amount of uric acid was present in the faecal matter and was degraded into NH3 gas (3) by 

enzymatic bacteria. 

The treatment group with the highest amount of charcoal incorporated in the feed, i.e. 0.9, recorded the 

highest concentration of NH3 in the faecal matter. This indicated that metabolic ammonium deposited 

in the alimentary canal was effectively adsorbed by ordinary charcoal in the faecal matter. This 

prevented formation of uric acid and so there weren’t much base nitrogenous compounds for microbial 

uricase and urecase enzymes to degrade into NH3 gas. This rationale explained the high retention of 

nitrogenous compounds in the faecal matter from the treatment group where the highest amount of 

charcoal was incorporated in the broiler feed.  

4.2 AMBIENT AMMONIA GAS IN CHARCOAL PARTICLES 

The charcoal used for monitoring gas production during the study was sensitive enough to detect the 

envisaged gas production levels. The ability of charcoal to help detect the highest ambient NH3 gas 

concentration in the control poultry house and the least concentration in T0.9, where the highest of 

charcoal was incorporated in the feed, supported this view (Fig. 8). 

It is thought that ammonia gas was adsorbed by physisorption, involving weak London dispersion or 

van der Waals forces, and so ammonia molecules could be easily recovered at specific solute 

concentration, temperature and pressure (16) in the laboratory. Adsorption of a polar molecule on a non-

polar surface is non specific to surface chemistry of the substrate thus is very weak.  
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However, it can be envisaged that adjacent surface inside an adsorbent exert opposing London dispersion 

forces which possibly increased adsorption forces to approve adsorption capacity where ambient 

ammonia gas concentration was high. The smallest amount of NH3 gas was adsorbed in T0.9 as very 

few ammonia molecules were generated from the faecal matter in the treatment group. The same 

mechanism applied in the other charcoal treatments, i.e.T0.6 and T0.3, whereby the concentration of 

NH3 in faecal matter directly varied with the amount charcoal incorporated in the feed. 

The application of charcoal in poultry houses for the purpose of regulating ambient ammonia levels 

produces a material with potential for use as organic fertilizer. Adsorption of ammonia gas on organic 

carbon occurs by reaction with surface functional groups (22; 23). These researchers postulated that the 

vapour encountered by an organic fertilizer in the field competes for sorption sites whereas water 

dissociates ammonia. This process avails nitrogen to plants as ammonium ions and could enhance the 

value of poultry litter. 

4.3 WEIGHT GAIN AT THE END OF WEEK 6 

Incorporation of charcoal in the feed had non-significant effect on body weight gain of the broiler 

chickens as shown by a lack of significant difference in the weight gain of T0 and T0.9 group (Fig. 9), 

but favourably influenced their survival seen as reduced mortality in Fig. 3 (5). 

5. CONCLUSIONS 

The results showed that wood charcoal had a significant role in reducing NH3 gas production in poultry 

houses when incorporated in broiler chicken feed at the highest level under the experimental conditions 

in this study. The low mortality observed in treatment group 0.9 showed that charcoal can be safely used 

in chicken feed without causing any harm. Similarity the weight gain of the control and treated group 

(0.9) suggested that despite being of no nutritional value, wood charcoal possibly reduces mortality, and 

has non-significant effect on the weight gain. 
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ABSTRACT 

Biodiesel is an environment friendly liquid biofuel similar to petro-diesel in terms of fuel quality and 

combustion characteristics. Increasing environmental concerns, fast depleting petroleum reserves and 

agriculture based economy of Zimbabwe are the driving forces to promote biodiesel as an alternative 

renewable fuel. Biodiesel, derived from Jatropha curcas seed oil has great potential to be used as a 

diesel engine fuel in Zimbabwe to reduce air pollution and to reduce dependence on limited fossil fuel.  

Under normal storage conditions diesel fuel can be expected to stay for 12 months or more at 20oC. The 

research carried out showed that the Jatropha biodiesel has a storage life of 3 months. Beyond this 

period, the diesel reacts with oxygen from the atmosphere that forms fine sediments and gums, which 

block the fuel filters leading to poor performance of the engine. This is attributed to the presence of 

double bonds in the J. curcas oil mainly oleic, linoleic or linolenic acids. J. curcas biodiesels have 

different amounts of esters (which vary from different geographical location) and the trend of increasing 

stability is linolenic < linoleic < oleic. These esters undergo auto-oxidation with different rates 

depending upon the numbers and positions of the double bonds and result in the formation of a series of 

by-products like acids, esters, aldehydes, ketones, lactones among others. Therefore the aim of the 

current work is to study the oxidation stability of J. curcas biodiesel and also the effectiveness of various 

antioxidants which enhance its shelf  life. Five antioxidants namely tertiary Butylhydroquinone 

(TBHQ), Butylated hydroxytoluene (BHT), Butylated hydoxanisole (BHA), Pyrogallol (PY) and Gallic 

Acid (GA) have been used in this work. PY was found to be the best antioxidants among all 5 

antioxidants used. The optimum amount of antioxidant (PY) for pure biodiesel was 3000 ppm. 

Keywords 

Antioxidant, shelf-life, oxidative stability, Jatropha curcas oil 

1.0. INTRODUCTION 

Biodiesel, defined as fatty acid mono-alkyl esters is made from domestically renewable feedstock such 

as Jatropha seed oil. It is an alternative fuel, which is environmentally innocuous for combustion in 

compression–ignition (diesel) engines. It is relatively safe to handle (high flash points), and has an 

energy content, specific gravity, kinematic viscosity (KV) and cetane number (CN) comparable to those 

properties of petro diesel (1,2). 

Zimbabwe with an estimated annual consumption of 1 billion liters diesel consumption is all of which 

is imported has become a fast growing renewable liquid biofuel promoter in the Africa. The main 

challenge of biofuels is that they undergo degradation over time, mainly influenced by temperature and 

oxygen. Degradation products of biodiesel such as insoluble gums and sediments, or the formation of 

organic acids and aldehyde may cause engine and injection problems (2-3).  
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Jatropha biodiesel properties degrade during long-term storage as follows: (i) oxidation or autoxidation 

from contact with ambient air (ii) thermal-oxidative decomposition from excess heat (iii) hydrolysis 

from contact with water or moisture in tanks and fuel lines or (iv) microbial contamination from 

migration of dust particles or water droplets containing bacteria or fungi into the fuel. The effects of 

autoxidation on biodiesel fuel quality during long-term storage presents a significant concern for 

biodiesel producers, suppliers, and consumers (4). Therefore engine and injection pump producers 

insisted on the parameter of oxidation stability which was fixed at a minimum limit of a 6-hour induction 

period at 1100C (4, 5).  

The method adopted for determination of the oxidation stability in this research work is called Rancimat 

method which is commonly used in the vegetable oil sector. The literature review has revealed that high 

contents of unsaturated fatty acids, which are very sensitive to oxidative degradation, lead to very low 

values for the induction period.  

Several studies showed that the quality of biodiesel over a longer period of storage strongly depends on 

the tank material as well as on contact to air or light. To enhance oxidative stability and to guarantee a 

prolonged shelf life of biodiesel, it will be necessary to find appropriate additives and its dosage for the 

biodiesel produced. 

Researchers have evaluated the beneficial effects of the antioxidant additive tertiary 

butylhydroxyquinone (TBHQ) on sunflower oil methyl and ethyl ester stability (6). Similar 

results on soybean oil methyl esters were observed by Dunn using TBHQ and a tocopherol, even under 

accelerated conditions (7). 

Although there are numerous publications on the effect of natural and synthetic antioxidants on the 

stability of oils and fats used as food and feed, little is available on the effect of antioxidants on the 

behavior of as Jatropha biodiesel from the Jatropha curcas species being grown in Zimbabwe.  

Simkovsky, et al. studied the effect of different antioxidants on the induction period of rapeseed oil 

methyl esters at different temperatures but did not find any significant improvements (8). Canakci, et al. 

tested the influence of the antioxidant TBHQ on the PV of soybean oil methyl esters during storage and 

found good improvement of stability. Acid value and kinematic viscosity however are two important 

parameters for rapid assessment of biodiesel fuel quality as they continuously increase with deteriorating 

fuel quality. 

The aim of the present study is to enhance the shelf life and oxidative stability of biodiesel from the J. 

curcas species being grown in Zimbabwe. 

2.0.OBJECTIVES 

To retard oxidative degradation and guarantee a specific stability of Jatropha curcas biodiesel by use of 

a synthetic appropriate antioxidant. 

3.0.METHODOLOGY 

Rancimat tests for oxidation stability were used in this study. Using different antioxidants in different 

concentrations, the fuel properties such as Acid value (AV), Peroxide value (PV) and Kinematic 

viscosity (KV) of Jatropha Bio-Diesel were determined at regular intervals of time for 12 months. 

 Jatropha curcas oil used for the study was produced from fresh seeds purchased from Mutoko and 

Mudzi districts in Mashonaland East Province.  
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Analytical Grade Methanol and catalyst Sodium hydroxide were supplied by the Chemistry Department 

at University of Zimbabwe. Jatropha bio-diesel were prepared in Chemistry laboratory at University of 

Zimbabwe and characterized as indicated in the following table 1. 

Table 1. Characteristics of Jatropha curcas oil and biodiesel from Mashonaland East Province 

Fatty Acid 

Composition (%)  

Myristic  Palmitic Staeric 

0.43 14.81 6.79 

Oleic Linoleic Linolenic 

45.20 31.54 0.82 

Physical Property Jatropha 

Oil 

Jatropha 

Biodiesel  

Kinematic Viscosity @ 

38oC (cSt) 

 32.67 4.91 

Density @ 15oC   0.882 0.873 

Cloud Point(oC)  9 4 

Pour Point(oC)  3 1 

Flash Point(oC)  229.3 198.9 

Acidity(mgof KOH/g)  32.8 0.46 

 3.1. Storage condition 

All the biodiesel samples of volume 200 ml were stored in open glass bottles of 250 ml capacity and 

kept in doors, at a room temperature of 300 C. The samples were exposed to air as well as daylight 

conditions. The containers were fully opened for them to be incontact with air. Every week 54 samples 

were taken for analysis of Peroxide value, Kinematic viscosity and Acid value. Each sample was 

repeated three times for the determination of average value. 

3.2. Determination of Peroxide Value (PV) 

The peroxide value was determined by measuring the amount of iodine which was formed by the 

reaction of peroxides (formed in biodiesel) with iodide ion. 

2 I- + H2O + HOOH -> HOH + 2OH- + I2 

Note that the base produced in this reaction was taken up by the excess of acetic acid present. The iodine 

liberated is titrated with sodium thiosulphate. 

2S2O3
2- + I2 -> S4O6

2- + 2 I- 

3.2.1. Reagents and solutions 

1. Acetic Acid - chloroform solution (7.2ml Acetic Acid and 4.8ml Chloroform). 

2. Saturated Potassium Iodide solution. Store in the dark. 

3. Sodium thiosulfate solution, 0.1N. Commercially available. 

4. 1% Starch solution. Commercially available. 

5. Distilled or deionized water. 

3.2.2. Procedure 

1. 5.00 (±0.02) g of sample were weighed and put into a 100 ml glass stoppered Erlenmeyer flask. 

Record weight to the nearest 0.01g. 

2. By using graduated cylinder, 30 ml of the acetic acid - chloroform solution were added. 

3. The flask was swirled until the sample was completely dissolved (careful warming on a hot plate 

may be necessary). 
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4. By using 1 ml Mohr pipette, 0.2 ml of saturated potassium iodide solution were added 

5. The flask and the contents were swirled for exactly one minute. 

6. Immediately 30 ml of either distilled were added, stoppered and shaked vigorously to liberate the 

iodine from the chloroform layer. 

7. 0.01M sodium thiosulfate were filled in a burette and titrated using starch solution as indicator. 

3.2.3. Calculation Models 

Peroxide Values (PV) was calculated using equation given by Maisuthisakul and Charuchongkolwongs. 

 100
)(





W

NFVV
PV bs          (1) 

PV is peroxide value of biodiesel sample measured in milliequivalent of peroxide per kg of biodiesel 

sample,  

Vs  is Volume of sodium thiosulphate solution (ml) used for neutralization,  

Vb  is Volume of sodium thiosulphate solution used for neutralization for blank test determined as 2.8ml, 

W is weight of biodiesel  sample measured (g),  

F is the factor from standardization with Potassium Iodide  

N is normality of sodium thiosulphate solution (0.01 M).  

Oxidative stability (S) is evaluated from peroxide values as thus: 
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S is the oxidative stability measured in percent, 

 PVi  is the peroxide value of biodiesel sample with antioxidant,  

PVj  is the peroxide value of biodiesel sample without antioxidants. 

Continues titrating for at an interval of one week for six months. 

3.3. Determination of oxidative stability 

Oxidative stability (OS) of Jatropha biodiesel sample was studied with a Rancimat instrument. In the 

Rancimat procedure the sample was heated at a constant temperature with an excess airflow, which 

passed through a conductivity cell filled with distilled water. During this oxidation process volatile acids 

are formed and the conductivity increases at an end and the period up to this point is called ‘‘Induction 

period”. The induction period of Jatropha curcas biodiesel was determined without antioxidant and with 

different antioxidants (BHA, BHT, TBHQ, PY and GA) and under different concentrations of the 

antioxidants (500, 1000, 2000 & 3000ppm) at 300C.  

3.4. Evaluation of Storage stability 

To evaluate the storage stability the KV and AV values were determined at 250C and 300C over a period 

of 50 weeks at regular intervals of one week.  

4. 0. RESULTS  

Table 2 shows the induction period of Jatropha biodiesel using different antioxidants at different 

concentration.  
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Table 2. Induction time of Jatropha curcas biodiesel with different antioxidants and at different 

concentrations. 

Antioxidant Without 

antioxidant 

(hours) 

Induction Time (Hours) 

500ppm 1000ppm 2000ppm 3000ppm 

BHA 2.0 3.1 3.6 4.7 6.8 

BHT 2.0 3.2 4.0 5.5 7.0 

GA 2.0 2.2 2.9 3.1 3.3 

TBHQ 2.0 2.3 2.8 6.3 11.8 

PY 2.0 3.6 6.6 15.7 18.6 

      

The study reveals Pyrogallol (PY) to be the best antioxidant which showed the best improvement in the 

OS of Jatropha biodiesel that is 18.6 h at a concentration of 3000 ppm at 300C. The study also reveals 

that with TBHQ the Oxidation stability of biodiesel is enhanced to 11.8 h at a concentration of 3000 

ppm at 300C. All the other antioxidants used have small improvement in the induction period.  

4.2. Evaluation of Storage Stability 

4.2.1. Kinematic Viscosity (KV) 

During storage, the viscosity of the methyl esters increases by the formation of more polar, oxygen 

containing molecules and also by the formation of oxidized polymeric compounds that can lead to the 

formation of gums and sediments that clog filters. The kinematic viscosity of Jatropha biodiesel at the 

initial stage at 300C was 8.4 cP. When the biodiesel was left by itself for duration of 1 year in an open 

to air and light condition, the oxidation process started and the KV value rose enormously to a high 

value of 18.4 cP which is an indication that storage stability of biodiesel is a serious problem.  
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 Table 3. Kinematic Value  and Acid Value  at 30o C 
 

WK Without With 

Antioxidant 

Antioxid

ant  

Conc. 

(ppm) 

Week 10 Week 20 Week 30 Week 40 Week 50 

 KV 

(cP) 

AV 

(mgK

OH/g

) 

KV 

(cP) 
AV 

(mgKO

H/g) 

KV 

(cP) 

AV 

(mgK

OH/g) 

KV 

(cP) 

AV 

(mgK

OH/g) 

KV 

(cP) 

AV 

(mgKO

H/g) 

KV 

(cP) 

AV 

(mg 

KOH/g) 

0 8.4 0.4 1 BHT 3000 9.6 1.2 10.3 1.9 11.8 2.6 13.0 3.4 14.3 4.2 

     2000 9.5 1.1 10.5 1.6 11.4 2.4 12.4 3.0 13.5 3.7 

     1000 9.4 1.0 10.8 1.4 11.2 2.0 12.2 2.6 13.0 3.2 

     500 9.3 0.9 10.9 1.5 10.5 1.8 11.3 2.3 12.0 2.7 

10 9.0 1.2 2 BHA 3000 9.3 1.2 10.4 2.0 11.5 2.8 12.5 3.6 13.6 4.5 

     2000 9.1 1.0 10.1 1.6 10.9 2.2 11.8 2.8 12.7 3.4 

     1000 9.0 0.9 9.7 1.4 10.4 1.8 11.0 2.4 11.7 2.9 

     500 8.9 0.9 9.3 1.2 9.9 1.6 10.4 2.0 10.9 2.4 

20 12.6 3.6 3 GA 3000 9.5 1.2 10.3 1.9 11.3 2.7 12.3 3.5 13.3 4.3 

     2000 9.4 1.0 10.2 1.7 11.2 2.4 12.2 3.0 13.1 3.8 

     1000 9.1 0.9 9.8 1.4 11.5 1.9 11.3 2.4 13.0 2.9 

     500 8.9 0.8 9.6 1.2 10.3 1.7 10.9 2.0 11.7 2.5 

30 14.8 5.5 4 TBHQ 3000 9.3 1.3 10.5 2.3 11.7 3.2 12.8 4.2 14.0 5.1 

     2000 9.2 1.1 10.3 1.8 11.4 2.6 12.4 3.4 13.4 4.2 

     1000 9.0 1.0 9.6 1.6 10.2 2.2 10.8 2.8 11.5 3.4 

     500 8.9 0.8 9.3 1.3 9.8 1.7 10.3 2.2 10.7 2.6 

40 16.6 6.9 5 PY 3000 9.3 1.1 10.4 1.9 11.5 2.6 12.5 3.4 13.6 4.1 

     2000 9.2 1.0 10.2 1.7 11.2 2.3 12.2 3.0 13.1 3.7 

     1000 9.0 0.9 9.8 1.5 10.8 2.0 11.4 2.5 12.2 3.1 

50 18.4 7.2   500 8.8 0.8 9.5 1.3 10.2 1.7 10.8 2.2 11.5 2.6 
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Fig. 1. Change of Kinematic viscosity of JBD with time. Figure ( a to e) indicate the variation of 

kinematic viscosity with different antioxidants at different concentrations. Fig (f to i) indicate the 

variation of kinematic viscosity with different antioxidants at a particular concentration of antioxidant.  
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Figure 2: Change of Kinematic viscosity of JBD with time. Fig (a to e) indicate the variation of 

kinematic viscosity with different antioxidants at different concentrations. Figure (f to i) indicate the 

variation of kinematic viscosity with different antioxidants at a particular concentration of antioxidant. 
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Figure 3: Change of Acid value viscosity of JBD with time. Figure a to e indicate the variation of Acid 

value with different antioxidants at different concentrations. Figure f to i indicate the variation of Acid 

value with different antioxidants at a particular concentration of antioxidant. 

On employing antioxidants to retard the oxidation process during storage it is found that the antioxidants 

definitely improve the storage stability (Table 3). All the five antioxidants tested showed that at a 

concentration of 3000 ppm, they are able to substantially retard the oxidation process during a one year 

storage period at 300C and improve the storage stability of the biodiesel. 
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 Antioxidants BHA and TBHQ seem to have a better effect on the storage stability of Jatropha Biodiesel  

than the other antioxidants over a 50 week period at a concentration of 3000 ppm  

4.3. Acid Value (AV) 

The acid value (AV) of Jatropha biodiesel samples also increased with increasing storage time as a result 

of hydrolysis of fatty acids methyl esters to fatty acids . The acid value of Jatropha biodiesel initially 

was 0.4 mgKOH/g. when the biodiesel was stored in an open to air condition and kept for 50 weeks it 

was found to undergo oxidation and the AV rise up to a very high value of 7.2 mg KOH/g. From table 

3, it is evident that the addition of antioxidants to retard the oxidation is found to be effective with all 

the five antioxidants when the antioxidants concentration is 3000 ppm. At a concentration of 500 ppm, 

PY is found to be the best antioxidant. Similarly at a concentration of 3000 ppm BHA is shown to be 

the best antioxidant.  
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Figure 4: Change of Acid value of JBD with time. Figure a to e indicate the variation of acid value with 

different antioxidants at different concentrations. Fig f to i indicate the variation of acid value with 

different antioxidants at a particular concentration of antioxidant.  

5.0 CONCLUSIONS 

The effect of Pyrogallol as an antioxidant for Jatropha biodiesel is found to be the best as it increased 

the induction time from 2.0 h to 18.6 h, when the concentration of pyrogallol was 3000 ppm. KV and 

AV values are good indicators of storage stability of biodiesel. They increase on increase of storage 

time. A concentration of 3000 ppm of antioxidants like BHT, TBHQ, PY, GA, and BHA has a beneficial 

effect on the storage stability of Jatropha biodiesel. 

6.0. RECOMMENDATIONS 

In order to minimize potential negative effects on diesel engine vehicles, it is recommended to use a 

minimum of 3000ppm of antioxidant pyrogallol. 

7.0. REFERENCES 

1. Dunn, R.O., Oxidative Stability of Soybean Oil Fatty Acid Methyl Esters by Oil Stability Index 

(OSI), JAOCS., 82, 381- 387 (2005). 

2. Lacoste, F., and Lagardere, L., Quality parameters evolution during biodiesel oxidation using 

Rancimat test, Eur. J. Lipid Sci. Technol., 105, 49–55(2003). 

3. Mittelbach, M., and Schober, S., The Influence of Antioxidants on the Oxidation Stability of Bi-

odiesel, JAOCS, 80, 817 – 823 (2003). 

4. McCormick, R.L., and Westbrook, S.R., Storage Stability of Biodiesel and Biodiesel Blends, En-

ergy Fuels, 24, 690–998 (2010). 

5. Bondioli, P., Gasparoli, A., Bella, L.D., and Tagliabue, S., Evaluation of biodiesel storage stability 

using reference methods, Eur. J. Lipid Sci. Technol., 104, 777–784 (2002). 

6. Plessis, L.M.D., Villiers, J.B.M.D., and Walt,W.H.V.D., Stability studies on methyl and ethy fatty 

acid esters of sunflower seed oil, J. Am. Oil Chem. Soc., 62, 748– 752 (1985). 

7. Dunn, R., Effect of oxidation under accelerated conditions on fuel properties of methyl soyate 

(biodiesel), J. Am. Oil Chem. Soc., 79, 915–920 (2002).  

8. Simkovsky, N.M., and Ecker, A., Effect of Antioxidants on the Oxidative Stability of Rapeseed 

Oil Methyl Esters, Erdöl, Erdgas Kohle, 115, 317–318 (1999). 

9. Canakci M., Monyem A., and Gerpen J.V., Accelerated Oxidation Processes in Biodiesel, Trans 

ASAE, 42, 1565–1572 (1999). 

  

http://www.rcz.ac.zw/


10th Zimbabwe International Research Symposium Book of Papers Presented (ISSN: 2412-2386) 

Published by Research Council of Zimbabwe   

Website: www.rcz.ac.zw  679 

55. An assessment of the socio-economic impacts of a micro hydro plant on Himalaya 

Community: Mutasa District Zimbabwe 

Lazarus Zanamwea(zanamwel@gmail.com), Idah Mbengo (imbengo2013@gmail.com)a,                                   

Trust Masiyab (tmasiya@science.uz.ac.zw), &  Godfrey Sibanda (sibandagt@gmail.com)c,         
aDepartment of Geography & Environmental Studies, bInstitute of Mining Research, University of 

Zimbabwe, P.O. Box MP 167, Mt Pleasant, Harare, Zimbabwe. +263 4 303211 ext 14247                  
cPractical Action, Southern Africa, 4 Ludlow Road, Newlands, Harare                                               

+263 4 776631-3 

ABSTRACT 

Zimbabwe’s modern energy sector depends on conventional fuels such as diesel, fossil fuel and other 

petroleum resources to power infrastructure vital to its energy needs and wants. This has an impact on 

the energy crisis where much of the national budget is allocated to the import of electricity and petroleum 

products. The use of fossil fuels has environmental negative effects due to carbon dioxide emissions 

released during combustion. These have a negative effect on climate change. The objectives of this study 

were to assess the potential socio-economic impacts of a proposed community micro hydro plant in the 

Himalaya Community in Mutasa District, Manicaland Province of Zimbabwe. Documents interrogation 

together with in-depth interviews of key informants and focus group discussions were held with project 

beneficiaries. An impact assessment table was used of to assess the environmental impact of each of the 

project’s activities. It was shown that the proposed project would have positive impacts in the following 

areas: 

 agricultural production, 

 community consumption patterns, 

 employment patterns, 

 nutritional and educational impacts on children and youth, and 

 the health of maternal mothers. 

Keywords: micro-hydro power scheme, sustainable development, community beneficiaries, agriculture, 

employment, income and health 

INTRODUCTION 

Zimbabwe’s modern energy sector depends on conventional fuels such as diesel, fossil fuel and other 

petroleum resources to power infrastructure vital to its energy needs and wants. This has an impact on 

the energy crisis where much of the national budget is allocated to the import of electricity and petroleum 

products. The use of fossil fuels has environmental negative effects due to carbon dioxide emissions 

released during combustion. These have a negative effect on climate and may lead to global warming 

and climate change (1,2).  

The objectives of this study were to assess the potential socio-economic impacts of a proposed 

community micro hydro plant in the Himalaya Community in Mutasa District, Manicaland Province of 

Zimbabwe (3,4,5). As per requirement of the Environmental Management Act: 20.27 (EMA), that before 

any prescribed project begins, an Environmental Impact Assessment (EIA) study must be done. This is 

done in accordance with the guidelines set up by the then Ministry of Mines, Environment and Tourism 

(6), the predecessor of the current Ministry of Environment, Water and Climate.  
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The purpose of the environmental impact assessment is to identify the negative impacts of any suggested 

development in the country and how the proponent can mitigate them. It is also to identify the positive 

impacts of the development and how to enhance them in line with the European Commission (2007) 

Environmental Handbook for EC Development Co-operation (7). The EC (2007) emphasizes that 

environmental impact assessments must highlight the positive aspects of any proposed development in 

light of the issue of sustainable development as articulated in the Rio Declaration and Agenda 21. This 

paper therefore presents the findings of an environmental impact assessment for a micro-hydro 

electricity scheme in the Himalaya area of Manicaland Province, Mutasa District.  

In this paper we present mainly the findings from the fourth objective which was to do with the socio-

economic benefits to the community for implementing the micro-hydro electricity scheme. 

METHODOLOGY 

Several methodologies were used in this socio-economic impact assessment. Document interrogation 

was used. The first was a desktop review of all relevant documents related to the project. This included 

a review of the project proposal, baseline survey report prepared by Practical Action and other 

documents relevant to the assessment such as EMA’s Environmental Impact Assessment Guidelines of 

1997, Volume 6 for energy projects and the legal framework (Acts) likely to govern the operations of 

the project.  

The desktop study was followed by field visits to the project area whose main aim was the identification 

of the existing socio economic environmental conditions which will be used as a baseline for future 

monitoring of the project activities on the environment. The baseline information for the proposed 

project site (Himalaya) was based on a review of previous studies done in the area. Information on the 

socio-economic conditions was obtained through interviews with the surrounding communities. In-

depth interviews of 15 key informants were carried out. Key informant interviewed included the Rural 

Electrification Agency (REA) management staff, department of physical planning, Agricultural 

technical and extension services (AGRITEX), Irrigation Development Division. Irrigation 

Development   District Administration’s office, Mutare Rural District Council (MRDC) and local 

communities/public using a questionnaire guide. Three focus group discussions were held with project 

beneficiaries. 

Public consultation of interested and affected parties formed an integral component of the socio 

economic analysis (1) convention as well as per EMA guidelines. Public consultation main purpose was 

to help in the identification of environmental and socio-economic issues and concerns that needed to be 

addressed by the project. Public consultation provided information required for the study and possible 

socio-economic benefits that would accrue from its implementation. 

Face-to-face interviews were using an individual household questionnaire. The questionnaire was 

directed at three categories of residents, that is, the cooperative members, individual farmers and a 

section of informal (illegal) settlers. The reason for using interviews was that due to poor network 

communications, the public hearings scheduled at local school could not be held. 

Study area socio economic baseline 

The Himalaya area is characterized by three main land uses which are: dry land and irrigation 

cultivation, forestry and tree plantation (Figure 1).  
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The main irrigation crops grown include potatoes, beans, tomatoes and winter wheat. The common 

deciduous fruit trees grown include plum, peaches, apples, avocado, pears and banana plantations. Rain 

fed crops include maize and beans. There are cattle, sheep and goat heading activities. 

 

Figure 16: Himalaya land-Use Plan 

The Himalaya area is also very scenic and tourism is one of its minor economic activities. Figure 2 

shows the scenic nature of this area.  

 

Figure 2: Scenic Overview of the Himalaya region of Mutasa District, Manicaland Province 

(Source: Field work photo by Mr. T. Masiya) 

RESULTS  

Population Characteristics 

There are three groups of residents in Himalaya. These are cooperative members, individual resettled 

farmers and illegal settlers. Cooperative members constitute 37 households, resettled farmers 80 

households and illegal settlers constitute 20 households (Table 1).  
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Table 1: Residents interviewed per community type and by gender 

Community Male Female Total No. 

Cooperative members 21 1 22 

Resettled Farmers 6 1 7 

Illegal  settled farmers 1 0 1 

Total 28 2 30 

A total of 30 residents were interviewed, of which 2 were females and 28 were males. The Cooperative 

had the largest number of respondents because it is the largest type of land use, followed by those 

resettled and then illegal settlers. The low female participation is due to the ruggedness of the area and 

that at the time of the interviews most females were involved in household and agricultural chores. 

Occupation and Income Levels 

The main occupation of the residents is self employment as subsistence or cooperative farmers. Only 

teachers were in regular waged employment as civil servants. Earnings from agriculture ranged between 

USD500 and USD3000 per irrigated crop per year. Resettled farmers without access to irrigation earned 

between USD100 and 300 USD per month.  

The results show that the proposed micro-hydro project would have positive impacts in various socio-

economic aspects of the Himalaya communities. These ranged from perceived improvements in 

agriculture to improved maternal health status of the mothers. 

Agricultural production 

Participants in the interviews indicated communities around irrigation schemes would stand a better 

chance in terms of crop productivity as they have a reliable source of food and income to meet their 

livelihood needs. The respondents noted that operating irrigation schemes had great potential for 

improving crop productivity, environmental benefits and other socio-economic activities for sustainable 

development through the utilization of renewable energy in agricultural operations. Stakeholders noted 

that provision of renewable energy as exemplified by the proposed micro-hydro scheme would 

contribute towards the welfare and productivity of men and women in the Himalaya communities. This 

would be a result of an assured steady supply of electricity to drive the generators to pump water for 

irrigation. This would also have positive impacts on the environment as the use of diesel generation 

would be reduced thus contributing in a minor way to green house gas emission reductions. Figure 3 

shows a grinding mill which currently is diesel driven and where the turbines and associated power 

generating equipment will be housed. 

 

Figure 3: The powerhouse interior which is currently hosting a maize grinding mill 

(Source: Field work photo by Mr. T. Masiya) 
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Community consumption patterns 

Farmers interviewed in all the three categories anticipated that improved agricultural production would 

result in improved nutrients for household use and for sale to both the local market and the nearby urban 

areas such as Mutare. 

There is therefore a high probability of a strong multiplier effect from the project. The proposed project 

may inject a huge amount of money into the community and the multiplier effect may lead to an overall 

increase in average income of the inhabitants, hence increase in consumption patterns by the community 

of superior quality products. This will occur especially if the proposed business centre takes off. The 

proposed construction of a sawmill, fruit processing plant and likely increases in tourism activities will 

likely result in increased disposable incomes for the communities in and around  the project. 

Impact on employment and incomes 

Respondents revealed that local entrepreneurs through marketing and distribution of solar lanterns to 

rural communities for household lighting, cell-phone charging and radio connection would generate 

employment. In addition respondents foresaw the introduction of renewable energy resulting in broiler 

chickens breeding, ‘freezit’ production broadening employment patterns, increasing the community 

income level and improvement in livelihoods. 

The proposed project will also generate income in terms of skilled and unskilled labour along with future 

job opportunities. This may facilitate socio-economic development of the area under study. Presently 

the Himalaya community is suffering from migration of its young people to neighbouring towns and 

cities for better job opportunities and life styles. Those who have remained have secondary source of 

income-like services, self-employment, business, etc. Parts of the income from secondary sources 

earned by them is usually ploughed back in for development of agriculture for production of more and 

thereby meets their own food requirements and supplement their income by selling agricultural produce 

in the City of Mutare and their local market. An opportunity of processing agricultural products will 

emerge especially through the establishment of the fruit processing plant. There will also be increased 

opportunities for establishing milling plants for other crops such as maize and sorghums. Thus, it is clear 

that the micro-hydro project has the potential of bettering lives through increased incomes tied to non-

farm activities. 

Nutritional and educational impacts on children and youth,  

Farmers indicated that improved agricultural production would result in the availability of nutritional 

food which would positively impact on child health. For the school children, provision of energy would 

enable them to study for longer hours, and to access educational programmes through television. Schools 

also saw the possibility of providing Internet services through the computerization of their classrooms 

and libraries. The impact would lead to improved grades and performance at the local primary and 

secondary schools.  Stakeholders observed that the provision of energy would lead to local schools 

attracting and retaining qualified teachers.  

The health of maternal mothers 

Stakeholders noted that provision of energy would enable vaccinations to be refrigerated at the local 

clinic eliminating the need to travel to the nearest urban area for vaccinations.   
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For the pregnant mothers, the energy provision was expected to allow safe night delivery.  At the time 

of the assessment, they were expected to bring their own candles in case they went into labour at night.   

Stakeholders indicated that the introduction of energy is expected to positively impact on nursing staff 

retention as well as attract qualified nurses. 

Impact Assessment for Health 

The respondents pointed out that the project is likely to bring about negative changes in the life style of 

people located in that area.  There is likely to be migration of ‘bright lights seekers’ during project 

operational phase. The night life at business centre and improved earnings might increase promiscuity. 

The project will likely increase the risks of contracting sexually transmitted infections, HIV, and other 

communicable diseases. 

Overall standards of living for the community 

The assessment revealed that the project is expected to improve the living standards of the community. 

DISCUSSION 

From the baseline survey, it was revealed that Himalaya is a very scenic area. We believe that the 

addition of the micro-hydro electricity scheme would bring positive benefits by enhancing tourism in 

this area. The introduction of irrigation would also have positive impacts on livelihoods in the area.  

This is shown by the fact that those who have access to irrigation had higher incomes compared to dry 

land farmers. 

The Himalaya community was made up of three groups of settlers as discussed above. Of concern is 

tension between cooperative members and resettled farmers as revealed by focus group discussions. 

This is due to the unclear nature of land ownership patterns. There is therefore need to manage the 

tension through community consultation on distribution of the electricity once it is operational.  

The project is also likely to lead to improved and diversified incomes and employment patterns. It is 

also likely to lead to further improvements in health and nutrition due to sustained levels of food 

production. The running of a sawmill will lead to further employment opportunities for the communities. 

Improved markets both within and outside the community are also anticipated. Thus, overall standards 

of living will be impacted upon positively by the introduction of the micro-hydro project into the 

Himalaya community. 

CONCLUSIONS 

The proposed micro-hydro power scheme is a community based energy project whose implementation 

is of critical importance and far-reaching positive economic development outcomes on agricultural 

production of rural communities, their livelihoods, health and educational status. The positive impacts 

of this project are national and critical to the country’s economic development. The negative socio-

economic impacts can all be adequately mitigated through stringent educational awareness campaigns 

as well as complying with environmental legislation. The basis for its sustainability is that it received 

overwhelming support from the public and the key stakeholders in the community of Himalaya. 
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ABSTRACT 

This paper presents processes and outcomes of activities aimed at identifying priority energy research 

areas using MoSCoW, SWOT analysis and the Weighted Scoring Technique. A questionnaire was used 

to collect data from Research Council of Zimbabwe stakeholders, mainly senior energy researchers and 

managers working in various energy sectors including government ministries, research and tertiary 

institutions and electricity authorities. High and low priority areas were classified by respondents’ 

according to their perceived benefits to the nation. A non parametric analysis of data was performed 

using the Statistical Package for Social Scientists (SPSS). Research in bio-fuels, solar, hydro and fossil 

fuels technologies were ranked as of high importance followed by that in wind technology. Least in 

terms of priority was research in nuclear and geothermal technologies. In line with the above high 

priority research areas, investment into quality, efficiency and increased output was highly 

recommended by respondents for all types of energy (solar, wind, bio-fuels and hydro-electricity). 

Research targeted at safe usage and demand reduction was ranked lowest for all energy types. 

Key Words: Research Prioritisation, Ability to Capture, Attractiveness, Feasibility, Cost-Benefit 

Analysis, R & D, Energy sector, Weighted Scoring, SWOT analysis, MoSCoW 

1.0 INTRODUCTION 

Prioritisation of research issues has lagged behind in most developing countries, particularly for the 

energy sector (Fishel, 1996). Limited funding, characterised by low investment in Research and 

Development (R & D) have necessitated adoption of low cost economic models to assist in making 

meaningful prioritisation. Demand for social accountability is increasingly forcing most state owned 

research institutions to focus their resources to programmes with potential to yield high returns and less 

so on individually prioritised ones (Philip and Vernon, 1996; Common Wealth Secretariat, 1997).  

This paper is based on how Research Council of Zimbabwe (RCZ),  can move away from supporting 

energy research projects using a criteria based on “intuition and quality of research proposals” submitted 

by researchers and research institutions to the use of well-known economic and social modelling 

techniques, specifically the MoSCoW, SWOT analysis and the Weighted Scoring Technique. Emerging 

discourse argues that most of the research funding has been spent on non-economic and basic research 

areas with little socio-economic impacts on the country.    

2.0 STUDY METHODS 

This study started by reviewing relevant literature on prioritisation of research and development projects 

in different parts of the world. Qualitative and quantitative data is based on a purposive sampling of key 

stakeholders in Zimbabwe’s energy sector. The study sample comprised senior researchers and policy 

makers drawn from the Scientific and Industrial Research and Development Centre, the Renewable 

Energy Programme at the University of Zimbabwe, the Ministry of Science Technology Development, 

the Ministry of Energy and Power Development, Finealt Engineering and the Zimbabwe Electricity 

Supply Authority. Thus, a purposive sampling of the major stakeholders was done.  
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Quantitative and qualitative data were collected using closed and open-ended questionnaires, 

respectively. A total of 35 questionnaires were administered to senior respondents drawn from the 

identified key stakeholders. However, this paper is based on the 20 questionnaires which were received 

at the end of the survey and data was analysed using Statistical Package for Social Sciences (SPSS) 

version 10.0 and Microsoft Excel.  

The questionnaires were divided into four (4) sections to generate data for the MoSCoW, SWOT 

analysis, rankings in terms of budget allocation in relation to energy type and weighted scores.  The 

MoSCoW was designed to generate qualitative data on perceptions on different research. Each of the 

research areas had to be assessed by the stakeholders and ranked on a scale as follows: Must have (4), 

Should have (3), Could have (2) and Won’t have this time (1) (MoSCoW). SWOT exercise was used 

to gain insights into how different stakeholders perceived each of the ventures on energy in terms of 

strengths, weaknesses, opportunities and strengths. The weighted scoring method ranked opinions on 

potential benefits, ability to capture R & D potential and R & D capacity using scale 1-4. The average 

scores were computed and resulted in the generation of a table of attractiveness versus feasibility where: 

Attractiveness = Mean (Potential Benefits x Ability to Capture)  

Feasibility = Mean (R & D Potential x R & D Capacity) (Commonwealth Science Council, 1997).  

Values of attractiveness were plotted against those of feasibility which gave a graph of potential return 

from R & D investment. 

3.0 LITERATURE REVIEW 

3.1 Why Priority Setting in Research and Development?  

Priority setting in R&D is a decision making process which involves identifying key problems and then 

selecting among a number of possible courses of actions and seeking the best ways to address these 

problems based on models (Burt et. al., 2002). According to Benyon et. al., (1998) it is an attempt to 

benchmark on attributes for prioritisation by experts and stakeholders within a particular sector, energy 

included, guided by established and systematic rules. The fecundity of research prioritisation is 

illuminated by evidence of a rate of return on all past prioritised energy research projects exceeding 

700% (Fishel, 1996). For example, a World Bank’s Operations and Evaluation Department report on 

Brazil’s Agricultural Research Investment shows returns from priority research ranging from 22% to 

197%. Philip and Vernon (1996) indicated that leadership research in bio-fuels has yielded a return of 

191%. Finland and South Korea, through research priority setting in the ICT sector, developed the 

electronics industry of which Nokia and Samsung became brand names for the respective countries with 

tremendous positive downstream effects on other sectors of the economy. 

 3.2 Priority Setting Techniques 

3.2.1 Weighted Scoring Technique  

The weighted scoring model has a relative ease of comprehension by decision makers and eliminates 

bias by researchers. It provides for ranking of research projects and evaluation of benefits of commodity 

and non commodity research areas. In as much as benefit cost analysis has promising characteristics it 

is difficult to apply to non commodity research.  
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Fig. 3.2.1 illustrates the scheme of prioritization using the weighted scoring technique based on 

attractiveness and feasibility of research areas. 

 

Respondent’s view 

 

 

   

 

Respondent’s view 

 

 

   

 

Respondent’s view 

 

 

   

 

Respondent’s view 

 

 

   

Fig3.2. 1: Scheme of prioritization (Source: Common Wealth Secretariat (1997) 

Research areas are ranked, considering degree of both attractiveness and feasibility using a suitable scale 

on a rating 1- 4 signifying low to extremely high in that order.  

Fig 3.2.2 shows the ranking of research areas in the plane of parameters, ‘attractiveness and feasibility’. 

                   

Fig 3.2.2: Prioritization; Feasibility versus Attractiveness 

A denotes research area low on attractiveness and feasibility and is considered low priority. B denotes 

highly attractive and feasible research area hence suitable for pursuance.  
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3.2.2 Benefit cost analysis 

It involves estimation and comparison of benefits and costs derived from research investment (Davis et 

al, 1987). Research areas with higher benefit cost ratio are regarded as higher priority hence need more 

resource allocation (Shapiro, 2002). Benefits could be added production, improved production quality, 

saved potential loses, and improvement in environment etc converted into common currency. The costs 

are those associated with conduct of research itself, cost of adoption of technology both private and 

public.  

3.2.3 Linear programming 

Robbins and Coulter (1999) defined linear programming as a mathematical model that is used to solve 

resource allocation problems. Kachepa et-al (2002) described linear programming as a model concerned 

with the efficient allocation of limited resources to known activities to meet a desired objective such as 

maximizing profit or minimizing cost. In the research field linear programming involves techniques that 

are used to optimize benefits from a given set of research activities given a set of constraints (Davis et-

al, 1987). 

3.2.4 Simulation 

This is a model of a real world phenomenon that contains more variables that can be manipulated in 

order to assess their impact (Thomas, 1979). In this model variables are changed at random. Information 

requirements are enormous and there are a lot of uncertainties involved (Norton and Davis, 1981).   

3.2.5 The MoSCoW Analysis Technique 

Research which people cannot do without is regarded as ‘Must have this’ (M). The research which can 

be shelved for the mean time is regarded as ‘Won’t have now but in the future’ (W). Those nearer to M 

are regarded as ‘Should have this if at all possible’ (S) and those nearer to Won’t are regarded as ‘Could 

have this if it does not affect anything else’ (C).   

3.2.6 The SWOT Analysis 

The prioritization process can also include in its preliminary, strengths, weaknesses, opportunities and 

threats (SWOT) analysis (Common Wealth Secretariat, 1997). The SWOT analysis is used when brain 

storming issues.  It also entails the evaluation of the plan and activities for their expected benefits. 
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3.3. Characteristics of major energy research priority techniques 

Table 3.3: Characteristics of major research priory setting models (Source: Norton and Davis, 1981) 

Characteristics Scoring 

 model 

Benefit-cost 

analysis 

Simulation 

model 

Mathematical 

programming 

Requires explicit elicitation of goals yes no no Yes 

Determines distributional effect on 

consumers and producers at various income 

levels 

No yes yes No 

Considers trade-off among goals yes sometimes yes Yes 

Evaluates benefits to aggregate research 

 

No yes yes Yes 

Evaluates benefits to commodity research yes yes yes Yes 

Evaluates benefits to non commodity 

oriented research 

yes difficult sometimes Yes 

Provides ranking of research projects yes no no Yes 

Quantifies spill-overs No yes yes No 

Relative ease of comprehension by decision 

makers 

high medium low Low 

The weighted scoring technique is the most favourable technique in the prioritization of research areas. 

The model was adopted from the Common Wealth Secretariat (1997) (http://www.foresight.cz) and has 

been tested and proved working in the Czech Republic, Malawi and other Commonwealth Countries. 

4. RESULTS  

4.1 Biographic data 

Table 4.1.1 shows the distribution of respondents by age. 

Table 4.1.1: Distribution of respondents by age  

 Age group  (years) No of respondents 

20-30 1 

31-40 6 

41-50 13 

Total 20 

Most respondents were in the age group 41-50 years. This might reflect some acquired experience, 

which could have influenced decision-making on the job.  

Table 4.1.2: Distribution of respondents by highest academic qualifications   

Qualification Frequency Percent 

Doctorate 1 5 

Master of Science 9 45 

Bachelor of Science 9 45 

Higher National Diploma 1 5 

Total 20 100 
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Fifty percent of the respondents had at least a Masters Degree. Thus the respondents had high technical 

qualifications which when augmented with experience and position in organization made information 

given on the questionnaire more reliable and valid.  

4.2 SWOT analysis results 

A summary of findings from the SWOT analysis is shown in Table 4.2.  

Table 4.2: SWOT analysis of the energy sector by energy type 

Energy Type Strengths Weaknesses Opportunities Threats 

Solar Available capacity and 

raw materials, 

environmentally 

friendly and easy to use 

Expensive 

infrastructure, relies 

on overseas 

technology, not 

available at night 

Future markets 

exist especially in 

the rural areas, 

likely to replace 

fossils 

Brain Drain, 

international 

competition, and 

climate change. 

Wind Ideal for farmers, 

environmentally 

friendly, renewable 

Expensive 

infrastructure, low 

speeds, overseas 

technology reliance. 

Future markets 

exist especially in 

farming areas.  

BrainDrain, 

international 

competition, climatic 

change, lack of policy 

support 

Bio-fuel Available capacity and 

raw materials, 

accessibility, policy, 

technology, 

environmentally 

friendly. 

Expensive 

infrastructure, relies 

on overseas 

technology, lack of 

resources and 

publicity, 

Can easily overtake 

fossil fuels, future 

markets, high 

import substitution,  

Brain-Drain, 

international 

competition, 

dwindling resources 

Fossils Available capacity, 

infrastructure and raw 

materials, technology, 

world-wide markets 

Dwindling raw 

materials, expensive 

infrastructure, 

overseas technology 

reliance. 

Potential future 

development, need 

for further research. 

Brain Drain, 

international 

competition, 

dwindling resources, 

and pollution. 

Hydro-Electric Available capacity, 

infrastructure and raw 

materials, technology, 

transmitted over 

distance, renewable, 

environmentally 

friendly. 

Expensive 

infrastructure relies 

on overseas 

technology, 

deteriorating 

infrastructure, few 

water bodies. 

Potential on 

development, 

future markets, 

capacity building, 

value addition. 

Brain Drain, 

international 

competition, and 

droughts. 

Nuclear High energy density, 

available raw materials, 

technology efficiency. 

Environmentally 

dangerous, internally 

unpopular, expensive 

infrastructure, 

overseas technology 

reliance, 

environmental 

pollution. 

Can be developed 

to meet country’s 

needs, future 

markets, jobs and 

research potential, 

high power 

generation. 

Brain Drain, 

international 

competition, 

environmentally 

condemned, 

dangerous, affected 

by world policies. 

Geothermal High energy density, 

available markets, 

technology efficiency, 

environmentally 

friendly, renewable. 

High production 

costs, available in 

limited locations, not 

well publicized in the 

country. 

High power 

generation, 

potential 

development, 

future markets. 

Brain drain, 

dangerous source of 

energy, cannot be 

prioritised, no 

competition. 
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According to respondents conducting research, solar energy had several strengths that included the 

availability of raw materials such as sunshine. This was supported by Marawanyika (1987). UNDP 

(1982) indicated that research in solar had the potential of increasing energy supply in Zimbabwe. 

Research in solar energy may lead to improved efficient and cheaper solar products. The weaknesses 

noted by respondents included the unavailability of infrastructure related to manufacturing of solar 

panels and other end user technologies.  

Respondents noted that wind energy had potential markets in communal and commercial communities. 

This was consistent with Mian (1982) who pointed out that wind pumps in Zimbabwe were good to 

draw water in farming and community areas. The respondents also noted wind power can be used to 

generate electricity. However, low speeds were noted by the majority of respondents as the main 

weaknesses. Apart from low speeds, wind energy suffered from lack of government policy support.  

Bio-fuels were noted as the most supported energy area by the Government. Literature indicates 

government initiatives of constructing biofuels plants in Mount Hampden and Mutoko. Respondents 

believed research in bio-fuel had the potential to replace fossil fuels.  

Fossil fuels have existing infrastructures though dilapidated and is in need of renovation. Maravanyika 

et-al (1987) point out that coal processing into energy had adequate infrastructure at Hwange, Bulawayo, 

Munyati and Harare. However, fossil fuels burning is experiencing resistance from environmentalists as 

it is associated with global warming, pollution and ozone layer depletion. The reserves also dwindle 

with time.  

Hydro-electricity was noted to have several strengths in that it could be transmitted over a long distances 

with minimal energy losses and is environmentally friendly. However hydro-electricity production is 

associated with overseas technology reliance and high costs of production. Davidson (1988) noted some 

of these weaknesses as major constraints to hydro-electricity production.   

Nuclear was noted to have high power generation but respondents had reservation on it as it had high 

environmental risks, lacked international approval and relied on overseas technology. Respondents 

acknowledged that there were no nuclear plants in Zimbabwe despite the availability of platinum 

resources as cited by UNDP (1982). The majority of respondents expressed ignorance on the potential 

use of geothermal to produce energy despite the fact that there are 32 mineral hot springs identified by 

the Geological Survey Department (Mian, 1982).  

Research being conducted in institutions was not prioritized, as respondents, except for two, indicated 

their ignorance on research prioritization models. The two respondents only noted the benefit-cost 

analysis method but it was not being applied in their institutions.  
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4.3 MoSCoW ranking results 

Fig 4.3 shows the MoSCoW findings, with high mean ranks on biofuels, solar and hydroelectric power 

generation. 

  
Key  M: Must have  S: Should have  C: Could have  W: Won’t have 

Fig 4.3: MoSCoW ranking on major suppliers by energy type 

Geothermal and nuclear were ranked indicating that research in these areas is not of immediate 

importance. Mian (1982) pointed out that given abundance of coal and hydro potential of Zimbabwe, 

investment in geothermal research may not be urgent.  
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Table 4.4 shows ranking of each research type by budget allocation as done by respondents.  

4.4:  Ranking of research in energy type by budget allocation 

Energ

y type 

 

Rank 

Solar Wind Biofuels Fossils Hydro Nuclear Geothermal 

1 Development 

of new 

products 

Product 

quality 

Energy 

efficiency 

Increased 

output 

Energy 

efficiency 

Safety usage Usage research 

2 Product 

quality 

Increased 

output 

Usage 

research 

Energy 

efficiency 

Increased 

output 

Usage 

research 

Safety usage 

3 Increased 

output 

Developmen

t of new 

products 

Developmen

t of new 

products 

Product 

quality 

Product 

quality 

Energy 

efficiency 

Energy 

efficiency 

4 Usage 

research 

Energy 

efficiency 

Product 

quality 

Developmen

t of new 

products 

Usage 

research 

Increased 

output 

Increased 

output 

5 Energy 

efficiency 

Increased 

output 

Increased 

output 

Usage 

research 

Developmen

t of new 

products 

Product 

quality 

Product quality 

6 Safety usage Safety usage Safety usage Safety usage Safety usage Safety usage Safety usage 

7 Demand 

reduction 

Demand 

reduction 

Demand 

reduction 

Demand 

reduction 

Demand 

reduction 

Demand 

reduction 

Demand 

reduction 

Research in the development of new products, product quality, energy efficiency and energy output was 

given first priority for solar, wind, bio-fuels and hydro-electricity, respectively. Safety usage and usage 

research were ranked priority 6 for nuclear and geothermal. Demand reduction research was ranked 

priority 7 in all energy types. There is need for research areas in priority one to receive high research 

budgets according to respondents.  

4.5 Weighted scoring model  

Table 4.5.1 shows a table of average scores by respondents on ability to capture and potential benefits 

of research areas. 

Table 4.5.1: Attractiveness of energy research areas  

Energy Type Ability to Capture (AC) Potential Benefits (PB) 

Solar 1.86 3.29 

Wind 1.56 2.88 

Bio-fuels 1.96 3.44 

Fossil 1.76 3.12 

Hydro 1.84 3.25 

Nuclear 1.12 2.31 

Geothermal 1.04 1.91 

 

Fig 4.5.2 shows attractiveness of research areas derived from Table 4.5.1 (Common Wealth Secretariat, 

1997). 
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Key:  B Biofuels S Solar H Hydro F Fossils W Wind  

            N Nuclear G Geothermal 

Fig 4.5.2: Attractiveness of energy research areas 

Research in bio-fuels, solar, hydro-electricity and fossil fuels were the most attractive in that order. 

Researches in nuclear and geothermal were not attractive. Attractive energy research areas should be 

considered for high budget allocations. 

Table 4.5.2 shows feasibility of research areas as derived from mean scores of Research and 

Development Potential (R&DP) and Research and Development capacity (R&DC) by respondents. 

 Table 4.5.2: Feasibility of energy research areas 

Energy Type R & D Capacity (R&DC) R & D Potential(R&DP) 

Solar 3.16 1.73 

Wind 2.8 1.62 

Bio-fuels 3.31 1.66 

Fossil 3.18 1.58 

Hydro 3.25 1.63 

Nuclear 1.8 1.34 

Geothermal 1.83 1.33 

Fig 4.5.3 shows the feasibility of energy research areas as derived from Table 4.5.2. 
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  Key     B Biofuels .......................................................................................................................... S Solar H 

Hydro F Fossils ........................................................................................................ W Wind     N Nuclear G 

Geothermal 

Fig 4.5.3:  Feasibility of energy research areas    

Research in bio-fuels, solar, hydro-electricity and fossil fuels were found to be highly feasible. Nuclear 

and geothermal research was found not to be feasible. High research budgets should be reserved for 

highly feasible research areas.  

Table 4.5.3 shows attractiveness and feasibility average scores by energy type.  

Table 4.5.3: Energy type, attractiveness and feasibility 

Energy type Attractiveness (AC*PB) Feasibility(R&DC*R&DP) 

Solar 5.46 6.12 

Wind 4.45 4.49 

Bio-fuels 5.49 6.74 

Fossil 5.00 5.49 

Hydro 5.28 5.98 

Nuclear 2.42 2.59 

Geothermal 2.42 1.99 

 Fig 4.5.4 shows possible return on R & D after investing in highly attractive and feasible research areas 

as identified by respondents in Table 4.5.3. 
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  Key     B Biofuels S Solar H Hydro F Fossils W Wind      

             N Nuclear G Geothermal 

Fig 4.5.6: Returns on R & D 

Research in biofuels, solar, hydro-electricity and fossil fuels is likely to yield high return from R & D 

investment. Return from investment in R & D in nuclear and geothermal is very small. RCZ could 

allocate more research funds to research areas with high returns 

5. CONCLUSIONS AND RECOMMENDATIONS 

5.1 Conclusions 

Prioritizing energy research areas using economic models and not intuition can be of paramount 

importance to the nation. The use of these models have shown that priorities identified bio-fuel, solar, 

hydroelectricity and fossil fuels in that order may yield high returns which will have high impacts on 

socio-economic benefits in Zimbabwe. Research types in each energy area should also be ranked with 

high priority areas receiving high budgets. For example in solar the research sub areas could be in solar 

water heating, solar lighting, and solar drying among others and these have to be ranked. 

5.2 Recommendations 

 The mandate of RCZ is broad and cross cutting. It is recommended that a body, the Energy 

Research Council be formed that will specifically coordinate energy research in the energy 

sector but reporting to the RCZ. The Agricultural and Medical Research Councils are play-

ing these roles in the Agriculture and Medical fields respectively. 

 There is need to put in place, policies that encourage energy research. 
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ABSTRACT 

Rising oil prices, dwindling fossil fuel reserves and growing climate are factors that point towards the 

need for clean and alternative energy sources. Fuel cells are one such alternative that promise clean and 

sustainable energy for power applications. A fuel cell is an electrochemical devise that utilizes a 

chemical reaction between hydrogen and oxygen to produce electricity with by-products of heat and 

water. The polymer electrolyte membrane fuel cell (PEMFC) shows considerable potential for both 

stationary and mobile power applications and was the focus of this research. The greatest challenge to 

the commercialization of fuel cells has been the high cost of manufacturing the units. One of the most 

expensive components of the polymer electrolyte membrane fuel cell is the polymer electrolyte 

membrane. There is need for cheaper alternatives to the current membranes that are available 

commercially. This research sought to determine if it was possible to produce an alternative membrane 

from commercially available polystyrene butadiene rubber. The polystyrene butadiene rubber was 

sulphonated using acetyl sulphate which is a mild sulphonating agent. The experimental setup involved 

varying the reaction time, the sulphonating reagent concentration and the mass (polystyrene butadiene 

rubber) to solvent ratio of the sulphonating system. The ion exchange capacity of the resultant membrane 

was then determined.  The results showed that sulphonated polystyrene butadiene rubber is a promising 

low-cost alternative membrane for polymer electrolyte fuel cell applications.  

Keywords: polymer electrolyte membrane, fuel cell, sulphonated styrene butadiene rubber 

INTRODUCTION 

Rising energy prices and depleting fossil fuel resources require interventions that include the use of 

alternative and unconventional energy sources. One such promising area of much research has been the 

use of fuel cells. The attractiveness of fuel cells is that they use hydrogen which has a high energy 

density per unit mass. Hydrogen is also the most abundant element though it is not found in its pure 

state, naturally. There are five brand categories of fuel cells, namely the polymer electrolyte fuel cell, 

the alkaline fuel cell, the phosphoric acid fuel cell, the solid oxide fuel cell and the molten carbonate 

fuel cell. Each fuel cell type is distinguished by the type of electrolyte used as depicted in the 

nomenclature.  

A fuel cell is an electrochemical energy conversion device that converts chemical energy in fuels directly 

into electrical energy and is at least twice as efficient as the internal combustion engine in converting 

fuel to power (1). Fuel cells offer high efficiency power generation with low environmental impact and 

are considered the energy systems of the future (2). Fuel cells operate in a similar manner to batteries 

but unlike batteries they require a continuous supply of the reductant (hydrogen) and an oxidant (air or 

oxygen) for them to continue operating. Electrochemical reactions occur at the electrodes resulting in 

the production of an electric current that will ultimately perform the work on the load (1). The by-

products of the reaction that takes place in the fuel cells are water and heat.  
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The most commonly used polymers for polymer electrolyte membrane fuel cells belong to the Nafion 

family, which is the trade name for poly-perfluorosulphonic acid. These are mainly used because of their 

chemical stability. It however has the main disadvantage of fuel crossover, whereby the fuel permeates 

the membrane from one electrode side to the other electrode side thereby reducing the performance of 

the fuel cell (2). In addition, Nafion exhibits large property changes of dynamic characteristics during 

the wet and dry states resulting in lowered performance during a long-term power generation test. There 

is also need to consider the environmental impacts of Nafion from its synthesis to its ultimate disposal. 

In addition, Nafion is a fluoropolymer, and its production is expensive and this raises the cost of fuel 

cells such that they are commercially unattractive despite their environmental benefits (3). Idibie (2009) 

also cited the high cost of Nafion and additionally the monopoly of a few select nations and companies 

that supply the membrane (4). There is therefore need for the development of novel low cost electrolyte 

membranes. Apart from Nafion, new ion conducting polymeric materials have played only a minor role 

in significantly increasing cell performance (5).  

Given the need for cheaper alternatives to be developed, the alternative membranes need to achieve 

certain desired characteristics. The alternative electrolyte membrane must, on the one hand, have high 

power generation performance, while, on the other hand, it should have low methanol permeability, and 

ion conductivity between before and after power generation (2). 

Literature review 

Polymer membranes used in PEM fuel cells 

Ion exchange membranes are classified into anion exchange membranes and cation exchange 

membranes depending on the type of ionic groups attached to the membrane matrix (6). Cation exchange 

membranes allow the passage of cations but reject anions and contain negatively charged groups, such 

as –SO3 −, –COO−, –PO3
2−, –PO3H

−, –C6H4O
−, etc., attached to the membrane backbone. On the other 

hand,  anion exchange membranes allow the passage of anions but reject cations and they contain 

positively charged groups, such as –NH3+, –NRH2+, –NR2H
+, –NR3+, –PR3+,–SR2+, etc., attached to the 

membrane backbone.  

The properties for a high performance polymer exchange membrane include high proton conductivity; 

low electronic conductivity; low permeability to fuel and oxidant; low water transport through diffusion 

and electro-osmosis; oxidative and hydrolytic stability; good mechanical properties in both the dry and 

hydrated states; cost, and capability for fabrication into membrane electrode assemblies (MEAs). Nearly 

all existing membrane materials for PEM fuel cells rely on absorbed water and its interaction with acid 

groups to produce protonic conductivity (5). 

The most commonly used polymers for fuel cells are of the Nafion ® family ( (7) and (5)). Due to the 

limitations of Nafion such as dehydration and loss of conductivity at operating temperatures above 80oC, 

high methanol permeability and low mechanical stability, researchers have investigated other polymers 

including the sulphonation of existing polymers ( (7) and (4)). Examples of such polymers include 

poly(aril-ether-ketone)s, poly(ether-ether-ketone) (PEEK), poly(ether-ketone-ketone), sulphonated 

poly(ether-ether-ketone) (SPEEK). Investigations have been made on  the sulphonation of styrene 

butadiene rubbers as a low cost alternative membrane for fuel cell applications (3), (4), (2) and (8). Work 

has also been carried out involving the use of sulphonated polystyrene butadiene that is reinforced with 

carbon nanostructures, namely carbon nanoballs ( (9), (10)).  
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There are commercial polymer electrolyte membranes based on styrene or styrene-like monomers i.e. 

sulphonated styrene-ethylene-butylene-styrene (SEBS) and  a styrenic membrane based on a novel 

family of sulfonated copolymers incorporating α,β,β-trifluorostyrene and substituted α,β,β-

trifluorostyrene co-monomers and these are produced by Ballard and Dais Analytic  (5). 

Advantages and Disadvantages of Nafion 

The advantages of Nafion are its relative durability which is in the range of >60000hrs for PEMFC 

applications; high ionic conductivity; chemical stability; thermal stability in the operating temperature 

range (11). The following are listed as disadvantages of Nafion based membranes namely: high cost, 

typically in the range of $600–1200 /m2; high cost per unit power, $300 kW−1 at 240mWcm−2;high 

methanol crossover or permeability; high ruthenium crossover; a limited range of working temperatures; 

dehydration and loss of conductivity at operating temperatures above 80oC; and low mechanical stability 

((11), (7) and (4)). 

Sulphonation of styrene butadiene rubber 

Styrene-butadiene rubber is a versatile high molecular weight copolymer rubber compounds that 

possesses excellent abrasion resistance hence its extensive application in vehicle tyres, flooring, 

footwear, belting, cable insulation, wire and for paper coating ( (4), (9)). Poly (styrene-butadiene) block 

copolymer possesses a two-phase macrostructure consisting of polystyrene domains dispersed in a 

rubbery (butadiene) continuous phase (8).  

 

Figure 17: Repeat unit structure for poly styrene-butadiene rubber (4) 

For good electrode contact and enhanced proton conductivity, the polymer needs to be flexible and the 

presence of the butadiene in SBR makes the polymer flexible (4). The challenge of a high cost membrane 

can thus be overcome by selecting a low cost polymer such as styrene butadiene rubber. 

Sulphonation is the process of introducing a sulphonic acid group (-SO3H) into an organic compound to 

produce a sulphonic acid of the corresponding hydrocarbon (12). In aromatic compounds, sulphonation 

occurs by replacing a hydrogen on the aromatic ring via an electrophilic aromatic substitution reaction 

(13). Direct polymerisation of sulphonated monomers and post-sulphonation are the two methods of 

sulphonation of hydrocarbon polymers (4). Direct copolymerization requires higher reaction 

temperatures and longer times to obtained high molecular weight sulphonated copolymers and results 

in the production of random statistical sulphonated copolymers. Post sulphonation is often cheaper and 

simpler than direct sulphonation. There are challenges associated with post-sulphonation including the 

lack of control over the location of functionalisation and degree of sulphonation. There is also limited 

scope for controlling and/or increasing the molecular weight of an existing commercial product in an 

attempt to increase the durability of the product of the post sulphonation (10).  
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Sulphonating Reagents 

Several studies have been carried out on the sulphonation of the hydrogenated polystyrene butadiene 

rubber ( (8), (3)). Sulphonation levels of SBR of  levels of up to 80% using hydrogenated statistical 

block copolymers of styrene and butadiene with an acetyl sulphate as the sulphonating reagent have 

been reported (3). According to (3), the extent of sulphonation of the SBR may be controlled by varying 

the stoichiometric ratio of the acetyl sulphate to the styrene content of the SBR. Polymer yields of 32 

mol% sulphonation and 44 mol% sulphonation using 1.0 equivalents and 1.4 equivalents of acetyl 

sulphate respectively (3) 

Sulphonating reagents that can be used for the sulphonation of SBR include the use of sulphur trioxide 

(SO3) complexes with various agents such as triethyl phosphate, tris (2-ethylhexyl) phosphate and 

phosphorus pentoxide.  Preformed acyl sulphates can also be used as sulphonating reagents. These 

include sulphuric acid/acetic anhydride, sulphur trioxide/lauric acid sulphur trioxide/acetic acid, and 

chlorosulphonic acid/lauricacid have also been used (3). The addition of acetyl sulphate is reported to 

result in the light sulphonation of polymer chains. Acetyl sulphate is an ideal mild alternative to the 

more aggressive sulphonating reagents such as pure sulphuric acid or complexes of sulphur trioxide and 

triethyl phosphate since the acetyl sulphate selectively sulphonates the benzene rings (14).  

 

Figure 18: Reaction for preparation of acetyl sulphate (15)  

 

Figure 19: Sulphonation reaction for PSBR using acetyl sulphate (16) 

Additionally, concentrated sulphuric acid, fuming sulphuric acid, chlorosulphonic acid and 

trimethylsilyl-sulphonyl chloride have been found to be useful sulphonating reagents for SBR (4). The 

complications that can be encountered in the sulphonation of aromatic polymers include oxidative 

degradation, oversulphonation (some rings disulphonated) and crosslinking via sulphone formation (17). 

The use of sulphur trioxide as a sulphonating reagent results in the production of undesired by-products 

due to its high reactivity and the by-products are often difficult to remove and may result in the 

contamination of the final sulphonated polymer product (13). The use of sulphur trioxide also results in 

non-uniform and incomplete sulphonation. In addition, the use of sulphur trioxide and other reagents is 

reported in some cases to result in limited ability to create sulphonated products, especially in the case 

of large molecular polymers.  
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The excess sulphuric acid and acetic acid that result from the use of acetyl sulphate requires the 

employment of a complicated and expensive, absorption or extraction cleaning processes. The 

sulphonation with acetyl sulphate results in a reaction mixture that includes organic components, 

mineral and organic acid components, as well as aqueous components (13).  

After the reaction is complete, it is quenched by using ethanol, propanol, ammonia or distilled/deionised 

water ( (3), (17), (13), (2)). It is reported that alcohols convert the sulphur trioxide to esters of sulphuric 

acid thus terminating the reaction (13). The reaction may also be terminated by the addition of a solvent 

that causes the polymer to precipitate out of solution. The sulphonated polymer is then isolated by 

filtration, precipitation or chromatography and washed using deionised water until a neutral pH is 

achieved or the pH remains constant and subsequently dried. The reaction mixture is then dissolved in 

an appropriate solvent for forming a polymer solution ( (2), (3)). The sulphonated reduced copolymer is 

then cast on a mould or substrate to form a membrane. 

Factors Affecting The Sulphonation Reaction 

The following are sited as the factors that affect the degree of sulphonation, ion exchange capacity, 

thermal stability and the proton conductivity of the membrane :reaction temperature ; mixing speed; 

sulphonating reagent concentration; mass of PSBR in solvent; sulphonation time; the sulphonating 

agent; the polymer being sulphonated, the molecular weight of the polymer, the solvent used in the 

reaction, the purity of the solvent and reactants, the molar ratios of reactants, solvent(s) and optional 

electron pair donor agent(s), the modes of reactant feeding, the size of the sulphonation vessel, the 

sequence of addition to the solution of each of the reactants, and the aging of the finished reaction 

mixture (4), (9) (13).  

Investigations conducted by (4) using chlorosulphonic acid as the sulphonating reagent revealed that an 

increase in temperature and mixing speed increased the ion exchange capacity of the resultant 

membrane. However, an increase in temperature beyond 75oC resulted in the solidification of the 

reaction mixture. Likewise, an increase in sulphonating reagent concentration beyond 1.8M was noted 

to have caused burning of the rubber. 

Ion exchange capacity 

The performance of the sulphonated polymer electrolyte membrane is determined by the amount of ion-

conducting groups introduced (2). An ion exchange capacity of greater than 0.30 meq/g but less than 

3.0 meq/g is recommended in order for the polymer electrolyte membrane to display sufficient ion 

conductivity. At ion exchange capacities greater than 3.0meq/g the hydrophilicity of the membrane 

increases leading to swelling of the membrane (2).  

METHODOLOGY 

The Taguchi method was used to design the experiment and is recognized as an efficient and effective 

method of designing experiments to study the effects of multiple variables on process performance (18). 

The approach divides optimization problems in two categories i.e. static problems and dynamic 

problems (19). The Taguchi design of experiments is a fast and concise and fast way of determining the 

influence of factors of a process by providing a systematic approach to optimize designs for performance 

and quality. It reduces the number of experimental runs to a reasonable one in terms of time and cost 

through the use of orthogonal arrays unlike in a full factorial analysis. 
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The system of tabulated arrays developed by Taguchi allows for the maximum number of main effects 

to be estimated in an unbiased (orthogonal) manner. This is done with a minimum number of runs in the 

experiment (20). In this investigation, the three reaction parameters (concentration of sulphonating 

reagent, ratio of SBR to solvent and reaction time) as shown in Table 1 were taken with three different 

levels of each.  

Table 7: Reaction Parameters and Factor Levels 

Factor  Notation  Unit Factor levels 

1 2 3 

Concentration of 

sulphonating reagent 

A Mol/L 1.98 3.31 4.81 

Ratio of SBR: solvent B No units 1:25 1:30 1:35 

 

Reaction time C Hours  2 13 24 

Table 2: Experimental Layout using L9 Array 

Experiment number Factor level 

Concentration SBR: Solvent ratio Time 

1 A1 B1 C1 

2 A1 B2 C2 

3 A1 B3 C3 

4 A2 B1 C2 

5 A2 B2 C3 

6 A2 B3 C1 

7 A3 B1 C3 

8 A3 B2 C1 

9 A3 B3 C2 

Conditions: Temperature is constant at 35oC and mixer speed is constant. 

Adapted from (21) 

The experiments were therefore carried out in accordance with the L9 array layout as in Table 2 above. 

Experimental Setup And Procedures 

Several experiments were carried out in order to determine the optimum conditions for the sulphonation 

of the polystyrene butadiene rubber. The experimental conditions were as prescribed by the orthogonal 

array. The experiments involved varying the weight: volume ratio of polymer in dichloromethane, 

varying the concentration of the sulphonating reagent and varying the reaction time. Argon was used to 

providing an inert atmosphere for the sulphonation reaction. 5g of polystyrene butadiene rubber was 

dissolved in 125-175ml of dichloromethane under an argon atmosphere for 2 hours. While dissolution 

was taking place, a sulphonating reagent (acetyl sulphate) was prepared by adding acetic anhydride to 

11 – 26.7ml of dichloromethane.  
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Chilled sulphuric acid was then reacted with the acetic anhydride in dichloromethane. The freshly 

prepared reagent was then added drop-wise to the dissolved polystyrene butadiene rubber in a four-neck 

round bottomed flask under argon atmosphere at a temperature of 35oC. The reaction mixture was 

vigorously stirred during the entire process using a magnetic stirrer with a heating plate under a 

fumehood. The sulphonation reaction was allowed to proceed for 2 – 24 hours. The reaction was 

quenched by pouring the reaction mixture into deionised water at 90oC. The sulphonated polystyrene 

butadiene rubber was washed with deionised water at 90oC until the pH remained unchanged. The 

product was then oven dried for 2 hours at 80oC.  

The sulphonated polystyrene butadiene rubber was characterised to determine the ion exchange capacity 

and the degree of sulphonation.  

Determination of Ion Exchange Capacity 

A sample was weighed in a glass vessel which can be shut tightly. An excess amount of an aqueous 

saturated solution of sodium chloride was added to the sample, and the mixture was stirred overnight. 

Hydrogen chloride formed in the system was titrated with a 0.01 N aqueous NaOH standard solution 

using a phenolphthalein solution as an indicator. The ion exchange capacity of the sample was calculated 

according to the following equation (2). 

Ion exchange capacity (meq/g)IEC(meq g⁄ ) =  
(0.01×b×f)

a
 

Where  a = weight of the sample 

b = hydrogen chloride formed in the system 

f = titre 

RESULTS 

Ion exchange capacity (IEC) 

The ion exchange capacity of a membrane is an indicator of its performance. By virtue of its IEC, water 

content and osmotic pressure, the membrane regulates the water content at the membrane / electrode 

interface; which in turn influences the electrochemical characteristics (22). The ion exchange capacity 

for each experiment is shown in Table 3. 

Table 3: Ion exchange capacity 

Experiment 

number 

1 2 3 4 5 6 7 8 9 

Trial 1 6.64 - 18.74 - 41.22 1.11 0.30 53.93 43.82 

Trial 2 4.20 8.77 50.29 1.58 19.90 66.60 2.59 4.38 98.79 

Mean  5.42 8.77 34.54 1.58 30.56 33.87 1.44 29.46 71.31 

The relative effect of each parameter was analysed using the signal to noise ratio (S/N). 
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Table 4: Array layout with responses 

Experime

nt 

number 

Factor level  

Concentrati

on, mol/L 

SBR: 

Solvent 

ratio 

Time, hrs Ion 

exchange 

capacity, 

meq/g 

Comments 

1 1.98 1:25 2 5.42  

2 1.98 1:30 13 8.77 Reaction only proceeded for 3 

hrs due to gelation 

3 1.98 1:35 24 34.54 Reaction only proceeded for 3 

hrs due to gelation 

4 3.31 1:25 13 1.57 Reaction only proceeded for 4 

hrs due to gelation 

5 3.31 1:30 24 30.56 Reaction only proceeded for 

1.5 hrs due to gelation 

6 3.31 1:35 2 33.86  

7 4.81 1:25 24 1.44 Reaction only proceeded for 2 

hrs due to gelation 

8 4.81 1:30 2 29.16  

9 4.81 1:35 13 71.31 Reaction only proceeded for 4 

hrs due to gelation 

Conditions: Temperature is constant at 35oC and mixer speed is constant. 

S/N ratio calculations 

The mean square deviation function (MSD) was used to determine the deviation between the desired 

value and the experimental value and was calculated as follows: 

𝑀𝑆𝐷 =  [
1

𝑛
∑ 𝑦𝑖

2

𝑛

𝑖=1

] 

Where, yi is the data of the characteristic quality of interest and i is the number of responses determined 

per experiment.  

The S/N ratio η, was calculated as follows: 

𝜂 =  −10𝑙𝑜𝑔10[𝑀𝑆𝐷] 

The results are tabulated in table 5 below 
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Table 5: Array layout with responses, MSD and S/N ratio 

Experime

nt 

number  

Factor level  

Concentrat

ion, mol/L 

SBR: 

Solvent 

ratio 

Time, hrs Ion 

exchange 

capacity, 

meq/g 

MSD S/N ratio, η 

1 1.98 1:25 2 5.42 30.88 -14.90 

2 1.98 1:30 13 8.77 76.95 -18.86 

3 1.98 1:35 24 34.54 1441.05 -31.59 

4 3.31 1:25 13 1.57 2.49 -3.97 

5 3.31 1:30 24 30.56 1047.57 -30.20 

6 3.31 1:35 2 33.86 2218.47 -33.46 

7 4.81 1:25 24 1.44 3.39 -5.30 

8 4.81 1:30 2 29.16 1463.84 -31.65 

9 4.81 1:35 13 71.31 5840.34 -37.66 

Conditions: Temperature is constant at 35oC and mixer speed is constant. 

The average signal to noise ratio was then calculated for each parameter and level was calculated as 

follows: 

𝑆𝑁𝐴,1 =
𝜂1 + 𝜂2 + 𝜂3

3
 

𝑆𝑁𝐴,2 =
𝜂4 + 𝜂5 + 𝜂6

3
 

𝑆𝑁𝐴,3 =
𝜂7 + 𝜂8 + 𝜂9

3
 

𝑆𝑁𝐵,1 =
𝜂1 + 𝜂4 + 𝜂7

3
 

𝑆𝑁𝐵,2 =
𝜂2 + 𝜂5 + 𝜂8

3
 

𝑆𝑁𝐵,3 =
𝜂3 + 𝜂6 + 𝜂9

3
 

𝑆𝑁𝐶,1 =
𝜂1 + 𝜂6 + 𝜂8

3
 

𝑆𝑁𝐶,2 =
𝜂2 + 𝜂4 + 𝜂9

3
 

𝑆𝑁𝐶,3 =
𝜂3 + 𝜂5 + 𝜂7

3
 

The S/N ratios were ranked according to the range, Δ, with the highest range being given the highest 

ranking. The larger the range, the higher the parameter has an impact on the sulphonation reaction. Table 

6 shows the mean S/N ratios for each parameter, the range and the ranking. 
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Table 6: Mean S/N ratio for ion exchange capacity 

Level A – reagent 

concentration 

B – SBR:Solvent 

ratio 

C – time 

1 -21.78 -8.06 -26.67 

2 -22.54 -26.91 -20.16 

3 -24.87 -34.24 -22.36 

Δ 3.09 26.18 6.51 

Rank 3 1 2 

The mean effects plot of S/N ratios was then made and is shown in Figure 1. 

 

Figure 1: Mean effects plot of S/N ratios 

From the above analysis it was found that the SBR:Solvent ratio had the highest impact on the 

sulphonation reaction, followed by the time of the reaction. The sulphonating reagent concentration was 

found to have the least impact of the three parameters investigated. The optimum design parameter 

combination for the sulphonation of SBR using acetyl sulphonate is A2B2C3. However, the optimum 

time would be inferred to be a maximum of 3hours given that the reaction did not proceed up to the 24 

hour period. 

CONCLUSION 

From the results obtained it can be concluded that the optimal combination of factors for the 

sulphonation reaction A2B2C3 which corresponds to a sulphonating reagent concentration of 3.31 

Mol/L, 1:30 SBR to solvent ratio and a maximum reaction time of 3 hours.  
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Commercially available polystyrene butadiene rubber was successfully sulphonated using acetyl 

sulphonate without any prior pre-treatment to the SBR such as hydrogenation. 

Sulphonated polystyrene butadiene rubber is a promising alternative low cost membrane for fuel cell 

applications. Therefore, it is possible to produce sulphonated polystyrene butadiene rubber for fuel cell 

applications using a mild sulphonating agent such as acetyl sulphate. This would result in a significant 

reduction in the price of membranes for fuel cell application thus bringing fuel cells closer to 

commercialisation. 

Future work 

Further studies are required on the stability (thermal, mechanical and chemical) of the sulphonated 

polystyrene butadiene rubber to confirm its suitability as a low cost membrane for fuel cell applications. 

Other future work to be carried out include the reinforcement of the sulphonated polystyrene butadiene 

rubber with nanoparticles, modelling of the membrane for performance in fuel cell applications, and the 

environmental performance of the membrane. 
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58. Regulation of bio-ethanol production in Fission yeast Schizosaccharomyces pombe 

in a batch culture  
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4 442 616   Mobile: +263 776 744 895.  emkhosa60@outlook.com 

ABSTRACT  

A study on some aspects of ethanol fermentation in Schizosaccharomyces pombe (S. pombe) is 

presented. The process is inhibited by the ethanol concentration within the medium but ethanol tolerance 

is a property of genetic determinant. The aim of this study was to determine the strain of S. pombe most 

tolerant to high ethanol concentrations by fermenting glucose under varying conditions of substrate 

concentrations and temperature. The ability to initiate growth in varying ethanol concentrations was 

found to be temperature dependent with significant differences in ethanol tolerance in the strains of 

Schizosaccharomyces spp studied. The study showed interdependence of ethanol tolerance and 

temperature on growth and ethanol yield and provided an understanding of this complexity in industrial 

ethanol production. 

Keywords: bio-ethanol, fission, batch culture, fermentation 
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BACKGROUND / INTRODUCTION  

 Mandatory blending of petrol with ethanol was re-introduced in Zimbabwe in July 2013, as a way of 

lowering fuel imports(1). The first three months of mandatory ethanol blending of petrol Zimbabwe's 

fuel import bill was cut by nearly US$20 million in the first three months.  

Blending was staggered in stages from 5 percent to 15 percent. By March 2014, Government expected 

the ethanol percentage in petrol to reach 20 percent(2, 3). According to the Zimbabwe Energy Regulatory 

Authority (ZERA), ethanol blending contributes towards energy security of the country, reduces the fuel 

import bill, creates employment and has the potential for power generation(4).  

In the early 1980s, Triangle Ethanol Plant was commissioned to produce ethanol which has been used 

to blend petrol in concentrations varying between 13 and 17 % ethanol per litre of blend(5). The 

Government’s stated target then was 20% of blend. Zimbabwe experiences the worst drought on record 

at the start of the 1990s and Triangle Ltd Ethanol Plant ceased operations for a while.   

Chisumbanje Ethanol Plant, also known as Green Fuel, was started in 2008. By January 2014 

Chisumbanje Ethanol Plant had reached a target production of 120 million litres of ethanol.  Apart from 

reducing fuel imports, the Green Fuel project produces 18 megawatts of electricity. Green Fuel currently 

is the only company producing anhydrous ethanol that is mandatory blended with unleaded petrol(6).  
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The production of ethanol by microbiological processes using renewable plant products figures 

prominently in the majority of proposed programs on alternative fuels. As a liquid fuel particularly for 

vehicle propulsion, ethanol is safer to handle, burns cleaner and does not cause the same level of 

atmospheric pollution as petroleum products(7).   

 For ethanol to realise its vast potential as a partial or total substitute for petroleum fuels, or as a 

substitute chemical feedstock, it is necessary that the manufacturing process be as efficient in the use of 

energy as possible so as to maximize the energy return for the amount of ethanol produced, and enhance 

the standing of the ethanol as an economically viable replacement for petroleum based raw materials(8).  

The challenge to improve, fuel-ethanol production can be reviewed under two main categories: (i) 

engineering factors, and (ii) biological factors. Engineering factors involve process design, substrate 

preparation, reactor design and product recovery. Biological factors involve improved substrate range 

and conversion, improved kinetic performance, improved substrate tolerance and end-product yield, 

improved media composition, recombinant DNA technology for improved micro-organisms, and 

screening for micro-organisms with superior ethanol fermentation ability, and mutants capable of 

yielding secondary products, thus improving the economics of ethanol production.  

 1.1  Micro-organisms used in ethanol production  

There are a number of micro-organisms that are able to produce ethanol from sugars and complex 

carbohydrates. However over 96% of the industrial ethanol that is produced today by fermentation 

employs the yeast Saccharomyces cerevisiae (Sac. cerevisiae) or its related species. Some studies have 

involved production of ethanol using yeast protoplast fusion products from S. cerevisiae and S. 

diastaticus to ferment starch media(9).  It has further been demonstrated that the amylolytic activity, rate 

and amount of starch utilization and the ethanol yields increased several-fold in mixed culture of 

Aspergillus niger and Sac. cerevisiae versus monoculture due to the synergistic metabolic interactions 

between the species(10).   

Other yeasts have been studied on ethanol production besides Sac. cerevisiae Production of significant 

quantities of ethanol (greater than 1% w/v) has been demonstrated with Clostridium thermocellum, C. 

thermohydrosulfuricum, Thermoa-naerobium spp. and Thermobacterioides acetoethylicus on various 

carbohydrate substrates(11). Amongst bacterial species, Zymomonas mobilis has been found to have a 

higher theoretical ethanol yield than the traditionally used yeasts (12).   

 1.2  Fermentative Pathways  

The formation of ethanol occurs through several biochemical pathways, depending on the micro-

organism being employed(11). In most yeast species ethanol is formed via the Embden-Meyerhof 

pathway where theoretically 1g of glucose will yield 0.51g of ethanol and 0.4g of CO2 and 2 ATP.  

 Z. mobilis employs the Entner-Doudoroff pathway to form ethanol from glucose, where 2 moles of 

ethanol are formed from each mole of glucose utilized, as with the Embden-Meyerhof pathway, but with 

a yield of 1 mole of ATP per mole of glucose, compared to 2 from the Embden-Meyerhof pathway.  

 1.3  Fermentation in S. pombe   

 The name Schizosaccharomyces was given(13) to express its similarities with Saccharomyces. Both 

genera produce ascospores during reproduction cycles, however, Schizosaccharomyces reproduces 

through fission whilst the later reproduces through budding.  
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Both genera exhibit strong alcoholic fermentation. S. pombe shows positive growth at 37ºC with 

maximum temperature for growth on malt agar of 40ºC.  It can grow on 50% (w/w) glucose yeast extract 

agar and can ferment glucose, maltose and sucrose(14).   

 The species S. pombe is of interest to fermentation studies because of its ability to produce ethanol in 

concentrations similar to those produced by Sac. cerevisiae although experimentation on ethanol 

production with the former is not as well documented as with the latter. Some strains of 

Schizosaccharomyces have been reported to produce 10-12% by volume of ethanol under anaerobic 

conditions and 13.2-15.1% under aerobic conditions; however the rate of fermentation of sugars is 

slower than with Saccharomyces species. Sac. cerevisiae fermentation are inhibited at a pH of 2.8 and 

cease at a pH of 2.5 while Schizosaccharomyces remains active at these pH values(15).   

 S. pombe however, can tolerate slightly higher temperatures than Sac. cerevisiae. Maximum 

temperature for growth on malt agar for S. pombe is 40ºC whilst that for growth and ethanol fermentation 

for Sac. cerevisiae is 30ºC(16). A strain that can perform well at high temperatures is desirable because it 

would reduce the energy required for cooling the fermenters, thus increasing productivity.  

 2.  OBJECTIVES  

 It is a known biochemical factor that growth of a microorganism in a medium is affected by several 

factors such as dissolved oxygen, temperature, substrate concentration and by product inhibition.  The 

objective of this research was to evaluate the potential of fission yeast S. pombe for ethanol production, 

and factors affecting this production. The research consisted of two parts:  

I. Effect of various factors on production of ethanol by S. pombe strain under batch-culture condi-

tions.  This strain and a further eight strains of S. pombe were compared with a strain of Sac. 

cerevisiae that is used commercially for ethanol production.    

II. Characterisation of S. pombe hexokinases and comparison of these to those of Sac. cerevisiae.  

Hexokinases are the enzymes responsible for the initial step of hexose metabolism. Results of the later 

study are not included in this report.  

3  MATERIALS AND METHODS  

3.1  Microorganisms  

Schizosaccharomyces pombe L972 was obtained from Professor J.M. Mitchison, Department of 

Zoology, University of Edinburgh and Mutant Strains derived from it (17).  

 Schizosaccharomyces pombe strains designated MY17 MY29 MY34 MY47 MY54 MY56 and MY58, 

were originally isolated from cane-sugar, molasses and African beer (17).  Schizosaccharomyces pombe 

strain (designated MY4), was isolated from fermentation mash at Triangle Ltd Ethanol Plant.  

Saccharomy cerevisiae strain was isolated from Commercial Baker's yeast used in ethanol production 

in Zimbabwe.  

 3.2  Media  

 3.2.1  Yeast Extract-phosphate-glucose  (YEPG)   

With 1% Yeast Extract, 0.2% KH2PO4, 0.5% Glucose (wt/v). The growth and fermentation media were 

varied according to aim of investigation to contain any of the following: (wt/v) 2-50% glucose or 

sucrose, 2% mannose, glycerol, gluconolactone, fructose.  
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Specific ethanol concentrations in YEPG were prepared by adding the required amount of ethanol to 

sterile YEPG.  Solid YEPG agar was prepared using 1.2% agar.  

 3.2.2  Edinburgh Minimum media (EMM)   

Number 2 and 4 (Mitchison, J.M. 1970) containing any of these: (wt/v) 1% glucose, fructose, glycerol, 

1% glycerl + 10 μg/ml. 2 Deoxyglucose. Solid minimum media was prepared by adding 102% agar.  

 3.2.3  Malt Extract Medium  

Liquid Malt Extract Broth (MEB) and Malt Extract Agar (MEA) were prepared according to the 

instructions of the manufacturer (Oxoid Ltd).  When required, 50% glucose was added to MEA prior to 

sterilization.   Unless otherwise stated, all media were adjusted to pH 5.5 and autoclaved at 116 degrees 

for 15 minutes.  

 3.3  Growth and fermentation  

 3.3.1  Preparation of inocula  

 Primary starter cultures were prepared by inoculating a loopful of yeast from Stock culture on Malt-

Extract Slopes into 10ml YEPG in a screw-capped bottle.  These were incubated on shaker at 30 degrees 

for 2-3 days and could be used up to 7 days as source of inocula.   

3.3.2  Secondary starter culture  

One (1) ml of primary starter culture was inoculated into 100 ml YEP with 2% wt/v of substrate under 

investigation. The culture was used to inoculate the test culture after 2 days of incubation.  

3.3.3  Isolating new yeast strains   

Strains were isolated on the basis of xerotolerance.  Pure cultures from traditional beers, fermentation 

mash and molasses, were produced by a process of culturing, streaking, plating and re-plating on Malt 

Extract agar with 50% glucose. The cultures are preserved in glycerol medium.  

 3.3.4  Ethanol production  

Batch fermentations were carried out with S. pombe MY4 in conical flasks (total volume 270 ml) 

containing 200 ml media containing varying ranges of glucose, sucrose and molasses media and covered 

with gauze.  Large-scale ethanol production with S. pombe MY4 was carried out using 5 litre fermentors 

containing 4 litres media, under varying external conditions.  

 3.3.5  Aeration  

The effect of aeration was determined using fermentors by varying the conditions as follows: Air 

sparging throughout fermentation period (3660 hours), air sparging for first 12 hours or 24 hours, air 

into space above culture throughout, sparging nitrogen into culture initially or throughout fermentation 

period.  

 3.3.6  pH  

The pH range for effective fermentation was carried out in 200ml cultures at pH ranging from 3.0 to 

7.0. The change in medium pH with fermentation was investigated using 4l fermenters with initial pH 

of 5.5 and 4.5, compared to controlled pH at 5.5.  

 

 

http://www.rcz.ac.zw/


10th Zimbabwe International Research Symposium Book of Papers Presented (ISSN: 2412-2386) 

Published by Research Council of Zimbabwe   

Website: www.rcz.ac.zw  715 

 

3.3.7  Ethanol tolerance   

The effect of ethanol on yeast strains was demonstrated by their abilities to initiate growth in 5-12% 

ethanol (v/v), at 30 degrees.  The effect of temperature on ethanol tolerance was demonstrated using 

MY4 at 30 to 36 degrees.  In each of the above investigations, each strain was grown in 20ml medium 

in screw-capped tubes and incubated at the required temperature. The effect of added ethanol on 

fermentation was carried out using MY4 in 200ml YEPG (15% wt/v glucose) ranging from 5 to 10% 

v/v ethanol at 30 degrees and 35 degrees.  

 3.3.8  Sugar tolerance  

 Sugar tolerance was carried out similar to ethanol tolerance using yeast strains in glucose and sucrose 

media ranging in concentrations from 10 to 50% wt/v.   

3.4  Analytical methods  

3.4.1  Measurement of Cell concentration  

Cell growth was measured by determining optical density of culture at 580 nm wavelength, using single 

beam spectro-photometer (Spectronic 20 Milton Roy Company).  

 3.4.2  Biomass  

This was determined from 10ml samples after centrifugation in pre-weighed centrifuge tubes and 

washing.  Cells at -20 degrees were dried under vacuum for 24-48 hours, then stored in a dessiccator 

and reweighed.  

 3.4.3  Ethanol, glycerol and sugar  concentrations  

 Filtered samples of batch fermentations were analysed for ethanol, glycerol and sugar concentrations 

using high Pressure Liquid Chromatography.  Integration of results was done using a DAPA Scientific 

software programme (18, 19).    

4.  RESULTS  

4.1  Effect of glucose concentration on   growth  

The results of growth of S. pombe MY4 in YEPG(2% glucose) and YEPG(15% glucose) are shown in 

Figure 1.  The growth patterns in the two media were almost identical for the first 18 hours: there was a 

lag/acceleration phase of about 8 hours, followed by an exponential phase lasting another 8 hours.  

During the exponential growth phase, the specific growth rates of the two cultures were very similar, 

being about 0.371 h-1. At 16 hours after inoculation, both cultures entered the retardation phase, with the 

culture in YEPG(2) entering the stationary phase within a further 4 hours due to the exhaustion of the 

glucose.  In contrast, the culture in YEPG(15) showed a much more extended retardation phase which 

lasted about 10 hours before entering the stationary phase at about 26 hours, again due to exhaustion of 

glucose.  The commencement of the extended retardation phase in the YEPG(15) at 16 hours could not 

have been due to limitation of glucose, since the culture more than doubled its biomass concentration 

during the subsequent 10 hours.   

Alternative causes for the premature commencement of this retardation phase include exhaustion of a 

micro-nutrient, exhaustion of oxygen, a change in pH of the medium and the build-up of toxic levels of 

ethanol.  
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 Figure 1: Growth pattern of S. pombe at two different glucose concentrations  

 4.2  Effect of ethanol concentration on growth  

S. pombe strain MY4 was selected for initial investigation on ethanol tolerance mainly because it can 

grow in batch culture without sporulation.  Growth occurred in all the three media up to 8% (v/v) ethanol 

concentration after seven days, with slight growth at 10% (v/v) ethanol in YEPG.  There was a gradual 

decrease in cell density with increase in ethanol concentration, as illustrated in Figure 2.   YEPG was 

used for all subsequent studies.  

  

0   

2   

4   

6   

8   

10   

12   

0   10   20   30   40   

Biomass (g dry wt/l) 

Time (h)   

YEPG15%glucose   

YEPG2% glucose   

http://www.rcz.ac.zw/


10th Zimbabwe International Research Symposium Book of Papers Presented (ISSN: 2412-2386) 

Published by Research Council of Zimbabwe   

Website: www.rcz.ac.zw  717 

 

 
 Figure 2: Effect of ethanol concentration on growth of S. pombe at room temperature  

4. 3 Effect of temperature on ethanol tolerance  

The above experiment was repeated at 25ºC, 30ºC, 35ºC and 40ºC, using 4 strains of S. pombe and one 

strain of S. octosporus. All S. pombe strains tested initiated growth within 24 hours in ethanol free 

medium but S. octosporus initiated growth only after 48 hours.  The later strain was less tolerant of 

ethanol than the 4 S. pombe strains at both temperatures where growth occurred. After one day 

incubation strains MY4, MY5 and MY57 initiated growth in 7% ethanol (v/v) at 35ºC, although MY4 

was more tolerant at lower temperatures, showing growth in 10% at 30 ºC and in 11% at 25ºC.  Of the 

three strains, MY4 showed the most tolerance after 7 days incubation, showing growth in 8% at 35ºC, 

in 11% at 30ºC and in 12% at 25ºC.  No other strain was this tolerant to ethanol. None of the strains 

grew at 40ºC. Therefore, all further studies were done using S. pombe MY4.  
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 4.4  Effect of temperature on ethanol production  

Table 1 shows the pattern of ethanol production by S. pombe at 30ºC and 35ºC in different glucose 

concentrations.   

  Table 1: Ethanol production by S.  pombe at 30ºC and 35ºC in different concentrations of glucose.  

 Parameter   Growth Temp   

 30ºC  35ºC   

Initial glucose 

conc. (% w/v)  

10  15  20  10  15  20  

Final ethanol conc. 

(%v/v)  

6.05  9.23  12.1 1  6.35  8.70  12.1 7  

Time to max. conc. 

(hours)  

48  48  72  48  48  72  

Ethanol yield 

coefficient  

(Yp/s)  

0.480  0.48 0  0.48 3  0.50 0  0.45 8  0.48 0  

Theoretical ethanol 

yield (%)  

95.4  96.0  96.5  100  91.4 7  96.0  

The highest ethanol yield was from the 20% glucose (w/v) but there was no significant difference in the 

yield between 30ºC and 35ºC.  Fermentation was faster at 35ºC than at 30ºC up to 48 hours, thereafter 

ceased in 10% and 15% glucose concentrations but continued up to 72 hours in 20% glucose at both 

temperatures.  It is further presumed that the production of ethanol slows down after 48 hours in 20% 

glucose concentration due to decreased tolerance to ethanol of the yeast cells. This appeared to be more 

distinct at 35ºC than at 30ºC. Data represents results from duplicate experiments that were repeated once 

with comparable results. The calculation was based on the assumption that one molecule of glucose is 

converted to two molecules each of the ethanol and carbon dioxide.  

 5.  DISCUSSION  

This study looked at the three factors that affect the ethanol yield in glucose fermentation, namely 

glucose concentration, ethanol concentration and temperature. S. pombe is xerotolerant.  It can tolerate 

50% w/w glucose(20), which is an advantage over Sac. cerevisiae that cannot tolerate elevated sugar 

concentrations. In order to obtain high levels of ethanol in a batch fermentation using S. pombe, high 

concentrations of sugar substrates have to be employed.  For example, to achieve 15% v/v ethanol in 

the fermented medium under conditions specified in this study, at least 25% w/v fermentable sugar must 

be metabolised Thus S. pombe has a potential of being used for fermentation where limiting factor is the 

endproduct concentration but not the initial starting sugar concentration.  

 S. pombe strain MY4 produced 12.24% v/v ethanol (9.66% w/v) from 20% w/v glucose medium at 

30ºC in 72 hours.  This is higher than reported yield of 10.9% v/v from 20% w/v sugar molasses using 
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S. pombe strain No. 10 and 11.1% v/v using strain No. 11 (Catalogue No. Sz10 and Sz11, Tate and Lyle 

Yeast Culture Collection)(21).   

Yeasts have been reported to produce 16-17% v/v ethanol in wine or distillery fermentations(22) and up 

to 20% v/v in Sake fermentations under special conditions(23). Nevertheless, the common distillery 

practice in industrial ethanol production is to ferment dilute molasses containing fermentable sugars at 

around 12% w/v concentration (approximately 20% Brix or specific gravity of 1.070 depending on 

sample), which is fermented within 36 hours to ethanol at 6% v/v(21).  However, new strains of flocculent 

yeasts which are tolerant to high sugar concentrations in molasses and which ferment quickly to around 

12% v/v ethanol provides the means by which distillation costs may be greatly reduced and productivity 

increased.  

 The rate of production of ethanol with S. pombe was demonstrated to be slightly different at 30ºC and 

35ºC.  However, there was no significant difference in the final ethanol yields.  The importance of strains 

that perform well at high temperatures with regards to energy requirements for cooling the fermenters 

has been mentioned previously.  

 Ethanol tolerance was assessed by the inhibition of yeast growth by ethanol in a batch culture.  At 25ºC, 

12% ethanol (v/v) completely suppressed the growth of most strains of Schizosaccharomyces tested.  

This level of tolerance is within the range recorded for some strains of Saccharomyces cerevisiae (23, 24). 

In some Saccharomyces spp. ethanol was found to be toxic at levels ranging between 8 and 18% w/v 

ethanol depending on strain and the metabolic state of the culture(11).  Toxicity was caused by the ethanol 

produced by the cell much quicker than the cell could excrete it. Intracellular ethanol has a more 

damaging effect on the cell than the extracellular ethanol(25).    

 Strains of S. pombe were not equally tolerant to ethanol, based on their ability to initiate growth in 

different ethanol concentrations.  This agreed with findings with Sac. cerevisiae, which implied that 

ethanol resistance is determined in part by genetic composition(23). Various studies have demonstrated 

that ethanol tolerance is genetically determined and is further influenced by temperature, osmotic 

pressure and substrate concentration, each strain reacting differently to each condition (22, 23).   

 The ability to initiate growth in ethanol media decreases with increased ethanol concentration and with 

temperature.  Thus, for ethanol production using S. pombe it would appear to be of economic importance 

if the fermentative process is carried out at 35ºC while the initial stage of cell growth is carried out at 

30ºC.  Further research is necessary to find out whether this is feasible and also whether it would improve 

productivity.  

6. CONCLUSIONS  

In certain aspects, S. pombe shows a potential for being used as analternative yeast to Sac. cerevisiae 

for ethanol production, in tropical countries like Zimbabwe and Malawi. The S. pombe isolated from 

Triangle Ltd Ethanol Plant showed comparable fermentative performance to Sac. cerevisiae isolated 

from the brewer's yeast used in commercial ethanol production. This xerotolerant yeast could be used 

in industrial fermentation in worts with high sugar concentration.  However, there is need for further 

research before S. pombe can compete or replace Sac. cerevisiae in ethanol production  This study sets 

up an introduction on ethanol production using new isolates of S. pombe.  
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 7. RECOMMENDATIONS  

Further research to follow from this should determine the best strain of S. pombe with highest ethanol 

tolerance, its growth kinetics and fermentative capabilities (rate of product formation and product yield).  

More work should be done on the effect of temperature, pH and sugar concentration on ethanol yield. 

Such studies should also focus on fermentation in a continuous culture using the substrates that are used 

in industrial ethanol production like molasses, and on the potential for an increased ethanol production 

by immobilization of S. pombe.  
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Engineering Papers 

59. Application of Preventive Maintenance through Reliability Centered 

Maintenance: The Case of a Zimbabwean Gold Milling Plant 

aH.Musaidzi (Eng), bD.Simango (Mr),cP.Hwena (Mr)                                                                                
a,b,c Chinhoyi University of Technology, School of Engineering Sciences and Technology                          

Department of Mechatronics Engineering,                                                                  
ahmusaidzi@cut.ac.zw, musaidzih@gmail.com. 0772426828                        

bdoubtsimango255@gmail.com , 

ABSTRACT 

Due to the excessive exodus of qualified and experienced professionals most maintenance departments 

in mines and companies in Zimbabwe are now being manned by inexperienced engineers and 

technicians. This has led to poor maintenance strategies which resulted in low productivity and high 

maintenance costs. The objective of this paper is to increase availability of the aging gold milling plant 

through Reliability Centred Maintenance (RCM). The gold milling plant consists of the ball mill which 

comprises of the mill drum, gearbox, motor, and girth and pinion gears among other components. The 

researchers made an assessment to ascertain the causes of frequent ball mill unavailability at the gold 

mine. Information of the causes of ball mill down time was obtained from maintenance records, job 

cards and from technical operators. It was discovered that the mine culture was to respond to failures, 

fix broken equipment, and respond to call-outs. This led to the same breakdowns recurring within a short 

interval. The maintenance department was affected by the randomness of the ball mill’s operational 

patterns, and faced challenges in developing an efficient spare part inventory management regime.  The 

researchers developed a more robust maintenance strategy based on RCM as a solution. This led to the 

average monthly ball mill availability to increase from 78% to 93%. 

Keywords: Preventive maintenance, Reliability Centred Maintenance, Gold milling plant, Upcoming 

Engineers. 

1.0 INTRODUCTION 

The exodus of experienced engineers and technicians to countries abroad and regional countries like 

South Africa, Botswana and Namibia in search of greener pastures left many Zimbabwean industries 

affected (1).Zimbabwe began experiencing the skills flight since independence but the trend increased 

to alarming proportions after the year 2000(2).The reason for the massive primary and secondary brain 

drain was attributed to among other things poor salaries as a result of the hyperinflationary economy 

which prevailed before the introduction of multicurrency regime (1,2,3). 

Most maintenance department in a number of industries are being manned by inexperienced staff doing 

discovery learning thereby putting manufacturing equipment at risk of catastrophic failures.  

According to the Confederation of Zimbabwe Industries (4), one of the most constraints on capacity 

utilization for the period 2009 to 2013 was machine breakdowns. 

Under normal circumstances experienced engineers would pass on their skills to junior engineers 

through the graduate learnership programmes. Most engineers guiding the graduate learnership 

programmes are also not experienced enough thereby creating a vicious cycle.  
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Engineers should think outside the box and come up with innovative maintenance strategies that help 

our economy in improving capacity utilisation in line with Zimbabwe Agenda for Sustainable Socio-

Economic Transformation (Zim Asset) economic blue-print 

1.1 Company background 

It is against this background that the researchers used a gold milling plant in order to ascertain the causes 

of   low productivity. The gold milling plant consists of the Ball mill which comprises of the mill drum, 

gearbox, motor, and girth and pinion gears among other components. The researchers made an 

assessment to ascertain the causes of frequent ball mill unavailability at the gold mine. Information of 

the causes of ball mill down time was obtained from maintenance records, job cards and from technical 

operators. The major causes of the ball mill capacity constraints are summarised in figure 

1.Infrastructure refers to power cuts due to prevailing load shedding in Zimbabwe. 

 

Fig: 1: Major causes of the ball mill capacity constraints 

From the pie chart it is clear that equipment breakdown contributed a lot to ball mill down time and 

therefore it deserved more attention. The milling and crushing section implemented planned 

maintenance on the ball mill, crushers and agitators, but their time table was not fixed. Sometimes they 

do weekly planned maintenance on ball mill and crushers but when the ore is too much they ignore the 

time table as the production department wanted to meet production targets. It was discovered that the 

mine culture was to respond to failures, fix broken equipment, and respond to call-outs. This led to the 

same breakdowns recurring within a short interval resulting in unpredictable spare parts requirements. 

The milling section usually did maintenance when they experience ore shortage or power cuts. This 

demonstrated that the mine’s maintenance strategies were chaotic and also they lacked a clear 

maintenance policy. The average ball mill availability for four months of February to May 2013 was 

78% when it was calculated excluding other capacity constraints. 

As Shown in figure 1 downtime is caused by various factors, therefore there is need to utilise available 

time efficiently by deliberately investing into a robust maintenance strategy like RCM which reduces 

machine breakdown by maintaining them in their current full operating context or environment (5).RCM 

is used as an optimisation method for preventive maintenance ( 6). 
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 1.2 Related literature 

Firstly, it is essential to make some key definitions so as to guarantee there is no ambiguity in further 

discussions. 

 1.2.1 Reliability centred maintenance 

Several writers in the maintenance community have defined RCM and the definitions were selected for 

comparison purposes. Moubray (7) explains RCM  in two ways listed below: 

i) A process used to determine the maintenance requirements of any physical asset in its operating 

context or environment ii)  A process used to determine what must be done to guarantee that any 

physical asset continues to do whatever its users want it to do in its operating context. IEC 60300-3-

11(8) adopted Moubray’s definitions and arrived at one that defines RCM as a systematic approach 

for identifying effective and efficient preventive maintenance tasks for items in accordance with a 

specific set of procedures and for establishing intervals between maintenance tasks.  However Smith 

(9) defines reliability as the probability that an item will perform a required function under stated 

conditions for a stated period of time. Therefore the above authors are concurring that RCM strives 

to make a machine to be a reliable asset. The output of the RCM process is a life plan for each 

component of a system (10) 

1.2.2 RCM principles 

Nowlan and Heap (11) examined a variety of principles in RCM, some of which are: 

 RCM is system or equipment focused. RCM is concerned more with maintaining system 

function as opposed to maintaining individual component function. 

 Safety and economics drive RCM. Safety is of paramount importance, thus it must be 

ensured at any cost and then cost effectiveness becomes the criterion. 

 RCM is function-oriented. RCM plays an instrumental role in preserving system or 

equipment function, not just operability for its own sake. 

 Design limitations are acknowledged by RCM. The goal of RCM is to maintain the inherent 

reliability of the equipment or system design and at the same time recognize that changes in 

inherent reliability can only be made through design rather than maintenance. 

 Maintenance at the best of times can only achieve and maintain a level of designed reliability. 

 An unsatisfactory condition is defined as a failure by RCM. A failure could be either a loss 

of acceptable quality or a loss of function. 

 RCM uses a logic tree to screen maintenance tasks. This provides consistency in the 

maintenance of all types of equipment. 

 RCM tasks must be applicable. Tasks must reduce the occurrence of failures or ameliorate 

secondary damage resulting from failure. 

1.2.3 Seven RCM basic Questions 

In the process of designing an RCM program, there are seven universally accepted questions which need 

to be addressed in their order (12, 13).These are: 
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 What are the functions and associated performance standards of the asset in its present 

operating context? 

 In what ways does it fail to fulfil its functions? 

 What causes each functional failure or failure mode? 

 What happens when each failure occurs? 

 How does each failure matter? 

 What measures can be taken to predict or prevent each failure? 

 What should be done if a suitable proactive task cannot be found? 

1.2.4 RCM components 

The main components of RCM are shown in figure 2 (14).They are reactive maintenance, preventive 

maintenance, proactive maintenance and predictive testing and inspection. 

 

Fig: 2: The main components of RCM 

1.3 Availability (A) 

Plant availability is calculated by equation 1 

 𝑨 =
𝒑𝒐𝒔𝒔𝒊𝒃𝒍𝒆 𝒐𝒑𝒆𝒓𝒂𝒕𝒊𝒏𝒈 𝒕𝒊𝒎𝒆−𝒅𝒐𝒘𝒏 𝒕𝒊𝒎𝒆

𝒑𝒐𝒔𝒔𝒊𝒃𝒍𝒆 𝒐𝒑𝒆𝒓𝒂𝒕𝒊𝒏𝒈 𝒕𝒊𝒎𝒆
    ............ (1) 

1.4 Criticality Analysis 

It is a tool used to evaluate how equipment failures impact on organizational performance in order to 

systematically rank the assets for the purpose of preventive maintenance development, maintenance 

work priotisation and for reliability improvement projects. (15). Asset criticality is a function of the 

Operational impact to the organization’s mission due to the loss, damage, or destruction of an asset. 

1.5 Functional block diagram 

The functional block diagram is a top level representation of the major functions that the system 

performs and the blocks are labelled as the functional subsystems for the system (16).  

http://www.rcz.ac.zw/


10th Zimbabwe International Research Symposium Book of Papers Presented (ISSN: 2412-2386) 

Published by Research Council of Zimbabwe   

Website: www.rcz.ac.zw  726 

 

The block diagrams illustrate the functional flow sequence as well as the series or parallel dependence 

or independence of functions and operations. 

2.0 RESEARCH OBJECTIVES 

The objective of this study was to increase the availability of the aging ball mill plant through the use 

of RCM by coming up with maintenance strategies that suits its operating environment. Such strategies 

were deduced from the failure modes and failure effects of the ball mill. The strategies could help 

engineers to come up with robust maintenance policies to deal with aging equipment which were 

commissioned before their employment through the development of maintenance life plans, 

maintenance tactics, and maintenance schedules. 

3.0 GOLD BENEFICIATION PROCESS 

It is crucial at this point to present the gold beneficiation process so that the importance of the gold 

milling section can be noticed. The schematic diagram of figure 3 shows the process. It is showing how 

the production line moves until the final product comes out. The ore is conveyed to the crushing plant 

by two conveyors which are 200m long. These conveyors feeds ore to the primary crushers where the 

ore is reduced to small pebble which are further fed to the secondary crusher after being fed through a 

vibrator screen which only allow ore of size 30mm. The secondary crusher reduces the ore until it is 

capable of passing through the screen. The ore from crushing plant is conveyed to the milling plant by 

another conveyor via the ore bin. The milling plant reduces ore into powder and lime flocculent is added, 

dewatering is done then the pulp is pumped to the thickeners where floatation or thickening is done. The 

rest is illustrated in figure 3. 
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4.0 METHODOLOGY 

In order to come up with an effective RCM strategy, a maintenance steering group was formed to help 

the maintenance people to answer the seven basic questions  

4.1 Maintenance steering group   

The maintenance steering group  (MSG) consisted of the section engineers ,production supervisor 

,maintenance supervisor, two operators, three artisans (electrical, mechanical and instrumentation) ,two 

foremen (Electrical and Mechanical) ,a representative from the Safety Health and Environment 

Department and the facilitators (researchers).The role of the researchers  in the group was to act as 

facilitators. The facilitators created an in-depth discussion platform and they guided the group to do the 

criticality analysis of the milling and crushing and to answer the RCM basic questions effectively for 

each component considered. They ensured each group member correctly understood the questions and 

that the members reach a reasonable consensus. The motive of the MSG was to establish failure modes 

and failure effects of the system. 

4.2 System Selection  

The MSG considered the systems shown in the equipment hierarchy of figure 4.They used a  subjective 

and qualitative approach where the impact of failure  of each system were evaluated under  the themes 

of  safety, environment integrity, production  and product quality. An evaluation scale for consequence 

of system failure potential was defined for each theme.  
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The default criteria used is provided in table 1 .The maintenance costs of each system could not be easily 

established so the team considered the failure rates of each system and the resulting production loss in 

order to determine the rating that closely fits the goal area. 

 
Table: 1:  default criteria used 

Safety Environment Quality Production Score 

Multiple  

fatality 

Severe release  

which cause death 

Product cannot 

be sold 

Unable  to recoup 

loss 

0 

fatality Major damage 

which cause illness 

and 

High fines. 

Product can be 

sold at lower 

cost 

Cannot make lost 

production at 

facilities 

Have to outsource 

services 

1 

Disabling injury  Significant 

Damage..fines 

Production  out  

of specifications  

Can recover lost 

production through 

overtime 

2 

injury damage Production  

within 

specifications 

but process out 

of control 

Lost production has 

no significant 

impact 

3 

No injury No release Process remains 

in control 

No production lost 4 

The criticality ranking was calculated by multiplying each of the scores obtained for each goal area as 

is illustrated in table 2 .The scores were converted into one of the four criticality rankings shown in    

table 3 

 

 

Milling and crushing 

section 

System level 

 

Ball mill Agitators Jaw 

crushers 

Vibration 

Screen 

 

Conveyor 

belts 

                                            Fig: 4: Equipment hierarchy 
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Table: 2: criticality evaluation 

Equipment Criticality Evaluation Criticality 

Ranking  Safety Environment Quality Production Total 

Jaw 

crushers 

4 4 3 2 96 A 

Vibrating 

screen 

4 4 2 2 64 A 

agitators 4 4 3 2 96 A 

Ball mill 4 4 3 0 0 A 

Conveyor 

belts 

3 4 4 0 0 A 

Table: 3: criticality rankings 

Evaluation Score Criticality Ranking Class 

0 ≤ 𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙𝑖𝑡𝑦 ≤ 96 extreme A 

97 ≤ 𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙𝑖𝑡𝑦145 high B 

             146 ≤ 𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙𝑖𝑡𝑦 ≤193 moderate C 

194 ≤ 𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙𝑖𝑡𝑦 ≤ 256 low D 

The criticality review concluded that all equipment considered in the milling and crushing section were 

extremely critical, however the ball mill and conveyor belts were ranked the most critical of them all. 

Therefore the MSG considered applying the RCM concept to the ball mill first. It is this analysis that is 

going to be presented in this paper. 

4.3 Ball mill description 

The ball mill is made up of three components which are (i) the ball mill drum which is 2.74m long and 

3.66m in diameter which has a girth gear on one of its end and it rest on two pillars where the tri-union 

bearings are found.(ii)the other component is the gear box which has a speed reduction ratio of 20:1 and 

last component is the (iii) 600Hp, 4 pole, and 2200 volts squirrel cage induction motor which is started 

by an auto-transformer. 

The ball mill has a capacity of milling 28 tonnes per hour if run without any disturbance or unscheduled 

down time. The mill is coupled to the gear box through the use of girth gear and pinion gear. The gear 

box is directly coupled to the electric motor. 

The motor is fitted with an electronic overload protection relay called smart motor manager and an alarm 

sound in the main control room if the motor trip out. The control of the ball mill is interlocked with the 

conveyor that feed the ore into the ball mill such that if the mill stops the conveyors will stop feeding. 

An emergency button is fitted on the starter panel so that in case of any hazard the ball mill stops if the 

button is pressed.   
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The mill is fitted with an automatic lubricating system incorporated with water cooling system for 

lubricating and cooling the tri-union union bearing. This system make use of float switch and it is an off 

line system. The girth gear is lubricated using a pneumatic lubricating system which also works off line 

if it fails an indicator lamp turns on in the control room. Figure 5 shows the functional block diagram of 

the ball mill. 

4.4   Failure Mode Effect Analysis (FMEA) 

 
The MSG managed to agree on the failure modes and failure effects presented by the RCM worksheet 

of tables 4 to 8. These failure modes and failure effects were deduced considering the operating context 

of the ball mill. It therefore implies that the MSG deduced failure modes and failure effects which are 

unique to the ball mill under study. 
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                   Fig: 5: functional block diagram for the ball mill 
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Table 1: FMEA for the Ball MILL  

ITEM: BALL 

MILL 

COMPONENT   

BALL MILL 

FUNCTION FUNCTIONAL 

FAILURE 

FAILURE MODE FAILURE EFFECT 

1. To mill the ore 

at a rate of 28 

tonnes per hour. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A. Unable to mill 

the ore at all 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1. Motor fails Trip alarm and the whole system stops 

working and the motor to be analysed 

separately 

2. Gear box jam due to 

lack of oil 

It overloads the motor during starting 

and it trips alarm sound and gear box 

shaft fails to rotate, it takes more than 5 

hours to replace the gear box.  

3. Power fails All equipment stops and (power supply 

to be analysed separately. 

4. Tri-union bearing 

fails 

Motor trips and activate the alarm due 

to overload, the mill stops, the operator 

can look over the screen to see white 

metal deformed. It takes at least 1 week 

to replace the bearings 

5. Girth gear broken 

or wear out. 

Surface distress or pitting. Takes 1 

week to replace but to resume 

production one can reverse direction of 

mill 

6. Ball mill liners 

wear-out 

Pieces of rubber liners coming through 

tromo-screen takes 2 days to replace 

liners 

7. Balls used up  The size of the pulp particles increase 

in size, easily seen by operator as they 

measure the pulp density  

8. Lubricating system 

stop working 

 Later The mill trips and activate the 

alarm and stops 

 

2. To maintain the 

rate of produc-

tion at 28 

tonnes per hour. 

 

A. Fail to main-

tain the rate of 

production  

tonnage de-

crease 

1. Motor perfor-

mance decrease 

The ball mill speed too slow, stop and 

change the motor. It takes at least six 

hours to replace the motor 

2. Gear box low 

performance  

Gear box producing noise and the mill 

speed reduced, change the gear box, 

takes at least 5 hours to replace the gear 

box. 

3. Gears stripping 

due to normal 

wear 

Noise produced, replace gear box 
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Table 5: FMEA for girth and pinion gear 

ITEM: BALL 

MILL 

COMPONENT:   

GIRTH AND 

PINION GEAR 

FUNCTION FUNCTIONAL 

FAILURE 

FAILURE MODE FAILURE EFFECT 

To transmit 

the required 

speed of rota-

tion from 

gear box to 

ball mill 

 

 

 

 

A. Unable to 

transmit the re-

quired speed 

 

 

 

 

 

 

1. Surface distress or pit-

ting 

 

 

 

 

Slow speeds; 

Due to high cost and lead 

times involved in their 

replacement either turn 

the girth gear run it on its 

back flank or change the 

direction of rotation   

2. Misalignment between 

gear teeth of the mill 

pinion and girth gear 

Performance reduced, 

noise of jack is heard 

during starting  

will give rise to gear 

jamming and motor 

tripping. 

B. Unable to 

transmit the 

speed at all 

1. Girth gear completely 

worn out due to insuffi-

cient lubricants 

 

 

 

Gear jam showing 

indication of 

misalignment between 

teeth of pinion and girth 

gear.  

 

2. Pneumatic lube system 

for girth gear fails. Lu-

bricating system run 

dry for a long time 

without notice 

Motor trips and sound 

alarm Takes more than a 

week to replace the gear 

due to high cost 
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Table:6 FMEA for gear box 

ITEM: BALL MILL 

 

COMPONENT: Gear 

box 

  

FUNCTION  FUNCTIONAL 

FAILURE 

FAILURE MODE FAILURE EFFECT 

1. To rotate the 

ball mill  at re-

quired speed  

A. Failure to rotate 

the ball mill at all 

Failure to trans-

mit the required 

speed 

1. Gearbox seizes due 

to lack of oil 

2. Gears stripped due 

to normal wear 

Ball mill trips and due 

to overload and sound 

an alarm. it takes at 

least 6 hours to repair  

3. Gearbox jam 

Gear box shaft 

bearing col-

lapsed due to 

lack of lubri-

cants and 

excessive vibra-

tion 

Motor trips and sound 

an alarm visual 

misalignment are seen 

and it takes at least 7 

hours to replace gear 

box and might need to 

replace the pinion shaft. 

4. Motor fails 

5. Power failure 

Both motor and power 

are analysed separately 

after alarm sounds 

6. Shaft misalignment 

due to vibration. 

Motor trips 
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Table 7: FMEA for the electric motor  

ITEM: BALL MILL COMPONENT: 

ELECTRIC              

MOTOR 

  

FUNCTION  FUNCTIONAL 

FAILURE 

FAILURE MODE FAILURE EFFECT 

1. To drive the 

ball mill 

A. Failure to drive 

the ball mill at all 

 

 

 

 

 

 

 

 

 

 

 

 

 

1. Insulation failure, insu-

lation contamination 

excessive current, volt-

age spikes, phase im-

balance, or excessive 

temperature. 

2. Open winding on either 

the rotor or stator. 

3. Bearing seize due to fa-

tigue, improper lubrica-

tion, misalignment, 

mechanical imbalance, 

electrical pitting, lube 

contamination exces-

sive thrust and temper-

ature. 

4. Loss of power either 

power supply failure, 

excessive current, ex-

cessive torque, poor 

connections or control-

ler malfunction 

Motor will not turn during 

starting or stops when 

running. sounding alarm 

Takes more than 6 hours to 

replace the motor. 

 

 

 

 

 

 

 

 

 

Power supply and controller 

analysed separately. 

2.  B. Motor turn at 

wrong speed 

1. Motor turns at wrong 

speed due to excessive 

vibration 

Leads to breaking of motor 

mountings and shaft 

misalignment. 
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Table: 8 FMEA for the protective devices 

ITEM: BALL MILL COMPONENT: 

PROTECTIVE 

DEVICES 

  

FUNCTION FUNCTIONAL 

FAILURE 

FAILURE MODE FAILURE EFFECT 

1. To be capable of 

tripping the ball 

mill motor and 

sound the alarm in 

the event of an 

overload. 

 

 

 

 

A. Incapable of trip-

ping the ball mill 

motor in the case of 

an overload 

 

1. Electronic over 

load fails to re-

spond 

  

 

Motor does not trip in 

the event of an overload 

and may burn out. Down 

time to replace the 

motor at least 7 hours 

B. Incapable of 

sounding the alarm 

if motor trips 

 

1. The alarm system 

fails 

 

 

Operators are not 

warned as soon as the 

mill trips, they only find 

out by hearing noise 

reduction in the plant 

2. To be capable of 

stopping the feed 

conveyors when 

the ball mill motor 

stops 

A. Incapable of stop-

ping the feed con-

veyors when the 

ball mill motor 

stops 

1. Interlock circuit 

fails 

Operator will see 

material pilling at the 

mill feed 

 

3. To illuminate the 

ball mill and its 

surrounding at 

night 

 

 

 

A. Some areas are 

poorly lit 

 

 

 

 

1. Light bulbs fails 

 

 

 

 

 

 

 

Failed bulbs only start to 

affect visibility if more 

than one adjacent flood 

lights fails. No down 

time is needed to change 

the bulbs. 

4. To protect people 

from moving ma-

chinery 

A. Fail to protect peo-

ple from moving 

machinery 

1. Guards loose 

enough to expose 

moving parts or 

missing com-

pletely 

Someone could touch a 

moving part and get 

injured 
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4.5 The RCM Decision diagram 

The MSG used the RCM decision tree shown in figure 4 in order to unearth hidden failure consequences 

(H), safety and environmental consequences(S&E), operational consequences (O) and non-operational 

consequences (N1). 

 

The abbreviations in the decision diagram are described in table 9 below 

 

 

 

    H     S 

    H2 

    O 

    H1 
    S1 

    O1 
    N1 

    E 

    S2 

    O2     N2 
OT 

    H3 RT 

H4 DT 

H5 

FF

T 

RD REDESIGN MAY BE DISIRABLE 

 

    

OT 

R

T 

S3 

S4 

DT 

O

T 

Comb 

of 

RD 

O3 

RT 

DT 

OT 

RT 

N3 

D

T 

Y

N

Y

N

N

Y

N

N

Y 

Y

Y

N

N

N

Y

NNN

Y

Y

N

Y
N

Y

N
Y

Y

Y N

Y

Y
N

Y 
N

 Fig: 4: RCM decision diagram (17) 
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Table 9: Meaning of abbreviations in the decision diagram 

Abbreviation  Maintenance question TASK 

H Will the loss of function caused by this 

failure mode on its own become evident 

to the operating crew under normal 

circumstances? 

n/a 

S Does this failure mode cause a loss of 

function or other damage which could 

hurt or kill someone? 

n/a 

E Does this failure mode cause a loss of 

function or other damage which could 

breach any known environmental 

standard or regulation? 

n/a 

O Does the failure mode have a direct 

adverse effect on operational capability 

(output, quality, customer service or 

operating costs other than the direct costs 

of repair)? 

n/a 

H1,S1,O1,N1 Is an on condition task technically 

feasible and worth doing? 

OT- Do the on- condition  task 

H2,S2,O2,N2 Is a scheduled restoration task technically 

feasible and worth doing? 

RT—Do the scheduled restoration 

task 

H3 

,S3,O3,N3 

Is scheduled discard task technically 

feasible and worth doing? 

DT—Do the scheduled discard 

task 

H4, Is scheduled failure finding task 

technically feasible and worth doing? 

FFT – Do the scheduled  failure 

finding task 

S4 Is the combination of the above tasks 

technically feasible and worth doing? 

Do combination of tasks 

H5 Could the multiple failures affect safety 

or environment? 

RD--Redesign  is compulsory 

The team managed to develop a task frequency plan for those maintenance tasks that require scheduled 

maintenance. The MSG also developed an online condition monitoring system for those systems that 

require condition monitoring. The tasks are shown in the RCM information sheet of table 10. Where Y 

means Yes and N represents No on the decision tree. I, M and E refers to instruments artisans, mechanical 

artisans and electrical artisans respectively. 
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Table 10: RCM Information sheet for ball mill 

 ITEM: BALL MILL 

 COMPONENT: BALL MILL 

Informatio

n 

Reference 

Consequenc

e 

Evaluation 

H

1 

S1 

O

1 

N

1 

H

2 

S2 

O

2 

N

2 

H3 

S3 

O3     

N3 

Defau

lt 

task 

H4   

H5   

S4 

 

Proposed Task 

 

 

 

  

 

 

trade F FF FM H 

 

S 

 

E 

 

O   

 

freque

ncy 

1 A 1 Y N N Y Y    Condition monitoring  of the 

motor 

N/A I 

1 A 2 Y N N Y Y    Install oil level sensors on 

gear box 

  

1 A 3 Y N N Y N N N  No scheduled maintenance   

1 A 4 N    Y    Install vibrometer and temp 

sensors 

 I 

1 A 5 Y N N Y N Y   Check girth gear for surface 

distress 

Daily M 

1 A 6 Y N N Y N Y   Check ball mill liners 3mont

hs 

M 

1 

 

A 7 Y N N Y N Y   Check ball mill size  3 

weekly 

M 

              

1 A 8 N    Y    Condition monitoring of the 

lube system 

 I 

2 A 1 Y N N Y N Y   Scheduled maintenance of 

gear box 

6mont

hs 

M 

2 A 2 Y N N Y N N Y  Discard task   

2 

 

A 3 Y N N Y N N Y  Discard task   
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Table 11: RCM Information sheet for pinion and girth gear 

ITEM: BALL MILL  

COMPONENT: PINION AND GIRTH GEAR 

Information 

Reference 

Consequence 

Evaluation 

H1 

S1 

O1 

N1 

H2 

S2 

O2 

N2 

H3 

S3 

O3     

N3 

Default 

task 

H4   H5   

S4 

Proposed Task 

 

 

 

 

 

 

 

trade 

F FF FM H 

 

S 

 

E 

 

O   

 

1 A 1 Y N N Y Y    Check  gear for surface 

distress 

2 weeks I 

1 A 2 Y N N Y N Y   Check  alignment 

between gears 

2weeks M 

1 

 

B 

 

1,2 

 

Y 

 

N N Y N 

 

Y 

 

 

 

 

 

 

Check gear lubrication 

system 

weeky 

 

 

M 

Table 12: RCM Information sheet for gear box 

ITEM: BALL MILL 

COMPONENT: GEAR BOX 

 

 

 

 

Information 

Reference 

Consequence 

Evaluation 

H1 

S1 

O1 

N1 

H2 

S2 

O2 

N2 

H3 

S3 

O3     

N3 

Default 

task 

H4   H5   

S4 

Proposed Task 

 

 

 

 

 

 

 

 

F FF FM H 

 

S 

 

E 

 

O   

 

1 

 

A 

 

1,3 

 

Y 

 

N 

 

N 

 

Y 

 

Y 

 

 

 

 

 

 

 

Check oil level in gear 

box, then testing  oil 

sample 

weekly 

 

M&Lab 

 

1 

 

A 

 

2 

 

Y 

 

N 

 

N 

 

Y 

 

N 

 

N 

 

Y 

 

 

 

Scheduled discard 

task 

 

 

E 

1 A&B 4,6 Y N N Y N Y   Install vibrometer on 

gearbox 

 

checking alignment 

and bearing 

contaminants and 

lubrication 

 

 

weekly 

I 

 

M 
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Table 13: RCM Information sheet for ball mill motor 

ITEM: BALL MILL  

COMPONENT: BALL MILL MOTOR  

Information 

Reference 

Consequence 

Evaluation 

H1 

S1 

O1 

N1 

H2 

S2 

O2 

N2 

H3 

S3 

O3     

N3 

Default 

task 

H4   H5   

S4 

Proposed Task 

 

 

 

 

 

 

 

 

F FF FM H 

 

S 

 

E 

 

O   

 

 

1 A 1 N    Y    Condition monitoring of 

insulation  Lockout 

weekly E 

1 A 2 N    N N Y Y  Do scheduled discard task   

1 A 3 N N N Y     Check bearings  for 

contaminants& 

 install temperature sensor 

and vibrometer 

weeky M 

 

 

I 

1 A 4 y N N N Y N Y   checking motor control 

centre 

 E 

1 

 

B 1 Y 

 

N 

 

N 

 

Y 

 

N 

 

Y   Install vibrometer  

 check shaft alignment. 

 

weekly 

 

M 

Table: 14: RCM Information sheet for protective devices 

ITEM: BALL MILL  

COMPONENT: PROTECTIVE DEVICE  

Information 

Reference 

Consequence 

Evaluation 

H1 

S1 

O1 

N1 

H2 

S2 

O2 

N2 

H3 

S3 

O3     

N3 

Default 

task 

H4   H5   

S4 

Proposed Task 

 

 

 

 

 

 

 

 

F FF FM H S E O   

1 A 1 N    N N N Y Check overload 

if still 

responding 

daily E 

1 B 1 N    N N N Y Check the alarm 

whether is still 

working 

weekly E 

2 A 1 N    N N N Y Trip the ball mill 

motor and check 

if conveyor stops 

6 months E 

3 A 1 Y Y   Y    Check light 

bulbs replace 

them as soon as 

they fail 

 E 

4 A 1 Y Y   Y    Check guards for 

loose or missing 

bolts 

3months M 

4.5 Planned maintenance 

The MSG grouped those tasks that require scheduled preventive maintenance together. They used their 

respective task frequency to create a 52 week maintenance planning board.  
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The maintenance plan formed the basis of preventive maintenance to be adopted by every section of the 

plant. When the plan was introduced every section adopted and adhered to it because they took it as 

their own. 

4.6 Condition monitoring 

Those areas of the ball mill which required condition monitoring were noted and they are represented 

by in figure 5 below. Top management agreed to implement the project of condition monitoring in phases 

due to its capital intensiveness 

Ball mill

gearbox
Motor 600Hp/2.2Kv/

4pole

th
e

rm
o

c
o

u
p

le

Girth and 

pinion 

grease 

lubricator

Girth and 

pinion 

coupling

C1

C2
B1

B2

Signal 

transmitter

Pressure sensor

Left side

thermocouple

Pressure sensor

Vibration sensor

Oil outlet

Tri-union bearing 

seat

Oil inletOil inlet

PLC

HMI

lLOAD CELL

A

E

D

 

Fig: 5: Layout of sensors for condition monitoring 

The above layout shows how the sensors are to be positioned and linked to the controller. The controller 

will communicate with the sensors and send information to the human machine interface (HMI). The 

controller will have to make decision and regulate the machine. The links A, B1, B2, C1, C2 and D uses 

twisted pair cable to link the sensors to the PLC. E shows an Ethernet cable which help to link the 

communication between PLC and Human machine Interface (HMI). 

5.0 RESULTS  

The  preventive maintenance task  were  implemented  including  some few condition based maintenance 

.The results showed some drastic improvement  in the ball mill ‘s average availability for a period of 

four months. The results are illustrated in table 15 below. The availability was calculated excluding 

downtime caused by other capacity constraints such as power cuts.  
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The average availability rose to 93 % as shown by table in line with what has been claimed by Smith, 

Moubray and Fore (7, 9, 18) amongother authors. If all condition monitoring techniques were 

implemented the availability could have been higher. 

Table: 15: availability of milling plant for a period of four months 

 

Month/2013 

                           % availability 

Week 1 Week 2 Week 3 Week 4 average  

July 80 100 100 79 89.75 

august 100 100 72 100 84.25  

September 100 100 100 100 100 

 October 100 92 100 100 98 

                                                                Mean   Average  93% 

6.0 DISCUSSION OF RESULTS 

The rise in monthly ball mill availability was linked to improved maintenance strategies. Most 

preventive maintenance tasks that earlier led to breakdowns were addressed according to schedule. The 

RCM strategies resulted in the reduction in the probability of sudden ball mill failure. Most advantages 

of RCM as also noted by Smith (9) were evident as the maintenance team improved with each day. Some 

of the advantages which slowly crept in were the increase in ball mill component reliability and reduced 

frequency of ball mill downtime. 

However it was noted that the implementation of RCM has a significant start-up costs associated with 

staff training and spare part inventory management. The inventory of spare parts should meet the RCM 

demands. The drops in ball mill availability in some weeks were linked to unavailability of spare parts 

to suit the schedules of preventive maintenance tasks and hence some failures still occurred The other 

drawback that was observed was that the savings potential of RCM during the infant stages were not 

readily seen by top management and hence careful explanations based on cost benefit analysis were 

required. 

6.1 Lessons learnt 

The crucial lesson learnt was that RCM policy brought an atmosphere of understanding between various 

departments especially the production department and the maintenance department. It was also 

discovered that RCM boosted the confidence of inexperienced engineers and technicians that were 

involved in the exercise. They underscored that there were now understanding those machines that were 

commissioned before their tenure better than before. 

7.0 CONCLUSION 

The results demonstrated  that RCM implementation can lead to an improved equipment availability 

.The MSG proved to be a useful ingredient in the implementation of RCM and it helped the company 

to meet the objectives as failure modes and failure effects were deduced and appropriate preventive 
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maintenance task frequency were established. In a nutshell it can be concluded that RCM can lead to an 

improvement in industrial asset reliability. 

However the authors could not establish the benefits of RCM in terms of labour and spare parts cost 

savings because some RCM projects were still to be implemented. 

8.0 RECOMMENDATIONS 

It is advisable that most Zimbabwean companies and mines especially those with aging equipment 

should consider implementing RCM. RCM will help their maintenance staff to discover innovative ways 

of maintaining their critical assets in their current operating context rather than depending on the 

historical maintenance procedures passed on from generations to generations that might be no longer 

effective. Engineers should consider RCM policy as an investment decision rather than as an act of faith. 

Moreover engineers should consider the FMEA document as a live document which should be 

periodically reviewed through the utilisation of feedback from maintenance operations.   
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ABSTRACT 

In this study, an alternative gold adsorption technology based on Prunus persica (peach) stone-derived 

activated carbon is reported. The study sought to find a possible low-cost replacement of imported 

granular activated carbon used in gold cyanidation process. Granular carbon was produced by chemical 

activation using either zinc chloride or phosphoric acid in air or nitrogen environment. Kinetic studies 

were performed using previously determined optimum conditions of 10 mg/l Au(CN)2
−, 10 mg/ml 

adsorbant dose, pH 10 and agitation rate of 100 rpm. Gold concentration was determined using Flame 

Atomic Absorption Spectrometry. The results showed that higher activating temperatures gave higher 

percent burn-off as compared to lower temperatures. A higher percentage yield of activated carbon was 

obtained at lower activating temperatures. The percentage hardness ranged from 33%-88%. In general, 

the adsorption process followed second-order kinetics (R2 > 0.95), and zinc chloride-activated carbon 

gave greater percentage gold adsorption, reaching 95% gold uptake in 120 min. In conclusion, activated 

carbon derived from peach stones has a great potential for use in the carbon-in-leach metallurgical 

process. 

Keywords: Gold cyanidation; Peach stones; Chemical activation, Granular activated carbon, Kinetic 

study. 

1. INTRODUCTION 

The recovery of gold from primary sources such as leach solutions and secondary sources such as 

electronic scrapes and waste electroplating solutions has continued to attract significant research interest 

over the years (Soleimani and Kaghazchi, 2008;  Kwak and Yun, 2010). The conventional methods for 

recovering gold include leaching, ion exchange and adsorption (Burnett, 2001; Kwak et al, 2010; Kwak 

and Yun, 2010). Comparatively adsorption seems to be the most suitable method for recovery of precious 

metals such as gold in the case of low concentration due to low costs and high efficiency.  

The recovery of gold by adsorption of aurocyanide complexes onto activated carbon is an established 

commercial metallurgical process with application in counter–current stirred system (the carbon-in-pulp 

or C.I.P process), in packed adsorption columns and fluidised bed reactors (Le Roux et al, 1991; Navarro 

et al, 2006; Srithammavut et al, 2011). 

Commercial activated carbons are prepared from a variety of carbonaceous raw materials, such as 

lignite, peat, wood and coconut shells. A survey of literature dose not reveal any commercial production 

of activated carbon in Zimbabwe.  Masiya and Gudyanga (2009) have pointed out that it is of both 

technological and economic interest to examine the potential of activated carbon from peach stones for 

adsorption of gold species from pregnant leach solutions.  
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More recently the Government of Zimbabwe (2013) through the Zim Asset document is promoting 

import substitution, value addition and beneficiation policies. 

 Peach stones are agricultural by-products that currently have no economic value and hence are a low 

cost, renewable source which occurs in large quantities in Zimbabwe. They can serve as an appropriate 

replacement for coconut shells which are not available locally, because of their hard ligno-cellulosic 

material which is ideal for production of granular activated carbons. Furthermore, jam producing 

companies are currently having problems with the disposal of peach stones after removal of the flesh, 

and value addition to the peach stones should reduce environmental problems caused by the dumping 

of peach stones.  

Activated carbon from peach stones has been effective in the adsorption of gold species from acidic 

thiourea solutions (Masiya and Gudyanga, 2009) which are used to smaller extent in Zimbabwean 

mines. Hence the need for it to be investigated for its potential in the recovery of gold by adsorption of 

aurocyanide complexes. This is because the recovery of gold onto activated carbon by adsorption of 

aurocyanide complexes is a well-established commercial metallurgical process commonly used in 

Zimbabwe`s major mines (Veiga, 2011). Hence for activated carbon from peach stones to be relevant 

and important to most mines, in Zimbabwe it should be able to adsorb gold from gold di-cyanide 

solutions. 

In Zimbabwe more than 90% of the activated carbon used in the mineral industry is imported (Thixton, 

1998). This means that there is a justifiable need to find alternative technologies to generate suitable 

activated carbon for god adsorption from locally available materials. The activated carbon can also be 

tuned to satisfy other markets such as water purification, cooking oil production, air purification and 

processing of food, beverages and pharmaceuticals (Jabit, 2007). 

2. OBJECTIVES 

The aim of this study was to develop an alternative gold adsorption technology based on peach stone 

derived activated carbon. This is in line with the national research priorities theme on sustainable 

environmental and resource management which promotes new production technologies, value addition 

to natural resources and sustainable use of our ecosystems, (Research Council of Zimbabwe, 2014).  

To achieve these aims the study had the following specific objectives: 

1. to find a possible low cost replacement of imported granular activated carbon used in the gold 

cyanidation process,  

2. to examine the effect of method of activation and activating conditions on the adsorption 

characteristics of granular activated carbon for gold di-cyanide, and 

3. to evaluate the potential application of locally produced activated carbon in the cyanidation 

process. 

3.0 METHODS 

3.1 Preparation of peach stones 

Mostly rotten or damaged peaches were collected from peach trees in Kuwadzana Phase 3 in Harare and 

Mudzimuirema Communal lands. Peach stones were cleaned thoroughly with water to remove the 

remnants of the flesh of peach from the stones.  
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The washing was done with tap water until the physically observable dirt was removed. The seeds were 

then rinsed with distilled water and dried completely in the sun. 

The stones were then crushed with a roller crusher at the Institute of Mining Research at University of 

Zimbabwe to remove the seeds inside. The remaining stones were then washed again with distilled water 

and air dried completely in the sun. 

The dry stones were subsequently put into a jaw crusher to get granules. The granules obtained were 

then put onto the mesh wire to obtain the 8x16 size fraction or 1.7 mm mean particle size of peach 

stones.The obtained peach stones were then subjected to different carbonisation and activation 

processes. 

3.1.1 H3PO4 Activation 

Raw peach stones (100 g) were impregnated with 43 wt % H3PO4 for 24 hours at 85 0C in weight ratio 

1:1 (H3PO4 : peach stones), ensuring that they were completely immersed in H3PO4 to prevent oxidation. 

This was followed by drying in the oven overnight at 105 0C. The dried sample of impregnated peach 

stones was then put into the activating furnace at 300 0C temperature for 1 hour 20 minutes under a 

nitrogen environment. The sample was allowed to cool and subsequently washed first in hot sodium 

hydroxide solution to neutralize H3PO4 followed by a series of soaking and decanting in distilled water 

until there were no traces of phosphates (identified by adding a few drops of Pb(NO3)2  into the wash 

water). 

Other samples of H3PO4 activated peach stones were prepared by subjecting the peach stones to 

temperatures at 300-800 0C in a muffle furnace for comparison with the nitrogen environment.  

3.1.2 ZnCl2 Activation 

Zinc chloride (3.3 g) was dissolved in 100 ml distilled water. Raw peach stones (100 g) were then soaked 

in this solution overnight at 85 0C for 24 hours. At the end of this period, the solution was filtered and 

the impregnated peach stones were dried in an oven overnight at   105 0C and then activated by heating 

in the activating furnace at 300-800 0C for 1 hour 20 minutes and allowed to cool. The sample was 

washed in hot HCl solution at 2 M concentration and rinsed in distilled water until the wash water was 

around a pH of 3. 

3.1.3 Control sample 

The control samples were prepared by subjecting the raw peach stone samples to the activating furnace 

at 300-800 0C for 1 hour 20 minutes without chemical activation and allowed to cool. 
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3.1.4 The Carbonisation Furnace 

 

Figure 1. The locally constructed carbonization furnace. 

The carbonisation experiments were carried out in a locally constructed horizontal furnace, adapted from 

Yasgi (2004). To ensure an inert furnace atmosphere, nitrogen gas flow was introduced into the 40 mm 

diameter quartz tube of length one metre which was placed into the furnace. The inlet and output of the 

quartz tube were connected to pyrex glass. Electrician’s clay was used to prevent air entry or loss of 

nitrogen.  

The furnace was constructed by using fire brick and Nichrome wire as the heating element. This was 

then covered with electrician’s clay to prevent oxidation of the element by air. A temperature probe was 

then inserted just outside the clay covering. The temperature controller was then incorporated into the 

circuit to regulate temperatures within the programmed range. 

3.1.5 Carbonisation in improvised furnace 

Samples of granular peach stones (100 g) were placed in the furnace. Nitrogen (supplied by BOC gases) 

was released to purge the air inside the quartz tube for 30 minutes. After purging, the furnace was 

switched on to heat till the desired carbonisation temperature and carbonisation time were achieved. 

After heating, the sample was cooled by nitrogen gas until temperatures below 100 0C were reached. 

3.2 DETERMINATION OF PHYSICAL AND CHEMICAL PROPERTIES 

3.2.1 Burn-off and Carbon Yield 

The % burn-off and % carbon yield were calculated by recording the mass of fresh dry peach stone and 

weight after activation. Carbon burn-off is the weight loss of the pyrolysed carbon, determined on a dry 

weight basis that occurs during the activation process. Yield is the amount of original precursor 

remaining after activation and pyrolysis (Pendyal, et al, 1999).  

The % Burn-off was calculated as     

% Burn-off 

=
𝑊𝑒𝑖𝑔ℎ𝑡 𝑙𝑜𝑠𝑠 𝑑𝑢𝑒 𝑡𝑜 𝑎𝑐𝑡𝑖𝑣𝑎𝑡𝑖𝑜𝑛

𝐷𝑟𝑦 𝑤𝑒𝑖𝑔ℎ𝑡 𝑏𝑒𝑓𝑜𝑟𝑒 𝑎𝑐𝑡𝑖𝑣𝑎𝑡𝑖𝑜𝑛
x 100%   (1) 
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The % Carbon yield was calculated as 

% Yield 

=
𝐷𝑟𝑦 𝑤𝑒𝑖𝑔ℎ𝑡 𝑎𝑓𝑡𝑒𝑟 𝑎𝑐𝑡𝑖𝑣𝑎𝑡𝑖𝑜𝑛

𝐷𝑟𝑦 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑝𝑟𝑒𝑐𝑢𝑟𝑠𝑜𝑟 𝑏𝑒𝑓𝑜𝑟𝑒 𝑝𝑦𝑟𝑜𝑙𝑦𝑠𝑖𝑠
 x 100%  

      (2) 

This information was useful in the approximation or prediction of the amount of activated carbon that 

can be obtained from a given carbon precursor. 

3.2.2 Hardness Number 

Hardness determinations were carried out as described by Ahmedna et al., (1997). Three grams of 

granular carbon were placed in a 250 ml Erlenmeyer flask. Ten glass marbles of about 5 g each were 

placed into the flask, which was then continuously agitated at 200 rpm in a water bath shaker for 15 min 

at 25 0C. The carbon retained by mesh sieve 8 x 16 size fraction was weighed and the hardness number 

calculated: 

% 𝐻𝑎𝑟𝑑𝑛𝑒𝑠𝑠 𝑛𝑢𝑚𝑏𝑒𝑟 =
𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑐𝑎𝑟𝑏𝑜𝑛 𝑟𝑒𝑡𝑎𝑖𝑛𝑒𝑑

𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑠𝑎𝑚𝑝𝑙𝑒 𝑤𝑒𝑖𝑔ℎ𝑡
x 100%(3) 

3.3 ADSORPTION STUDIES 

3.3.1 Preparation of gold solution (adsorbate) 

The gold solution was prepared as described by Le Roux et al., (1991). All reagents used were analytical 

grade, and distilled water was used throughout. A borate buffer solution to control pH was prepared by 

mixing boric acid (H3BO3) at 3.101 g/L, calcium chloride (CaCl2 .H2O) at 3.221 g/L, potassium cyanide 

(NaCN) at 0.0027 g/L. The pH of the buffer solution was adjusted to approximately 10. To this 

background a standard solution of 500 pm Au in the form of Au(CN)2
- was used to make up the solutions 

in all experiments. A mass of 0.747 g of KAu(CN)2 from Sigma Aldrich was weighed and made up to 1 

L volumetric flask using distilled water to produce this standard solution. 

3.3.2 Kinetic studies 

 To find the effect of contact time on gold di-cyanide adsorption from solution using activated carbon 

samples, 1.5g of activated carbon was added to each of five 500 ml conical flasks. One hundred and 

fifty milliliters of gold di-cyanide solution of concentration 10 ppm was added followed by agitation of 

the mixture at 100 rpm using a KAHN shaker.  

After agitation for a specified contact time (10-120 min), each sample was immediately filtered to 

separate the adsorbate from the carbon particles.  The filtrate was analysed to determine the 

concentration of the gold-dicyanide solution using a Variation Atomic Absorption Spectrophotometer at 

the Institute of Mining Research at the University of Zimbabwe. 

 

 

 

http://www.rcz.ac.zw/


10th Zimbabwe International Research Symposium Book of Papers Presented (ISSN: 2412-2386) 

 

Published by Research Council of Zimbabwe   

Website: www.rcz.ac.zw  750 

4.0 RESULTS AND DISCUSSION 

4.1 Activated carbon prepared 

4.1.1 Percentage burn-off 

 Figure 2 shows the variation of % burn-off for the temperature interval 300-800 0C. It can be seen that 

generally the percentage burn-off increased with temperature, leveling off at higher activation 

temperatures. Furthermore, it can be seen that the % burn-off increased in the order Control>Zinc 

chloride>Phosphoric acid-activated carbon. 

 

Figure 2. Plots of % Burn-off against temperature (0C) for the control and chemically activated carbons.  

It would be tempting to suggest that an increase in % burn-off would result in an increase in average 

pore diameter, surface area and pore volume. However this suggestion would need further experimental 

verification. For phosphoric acid-activated carbon, the gradual increase in % Burn-off could be 

attributed to the carbonization temperature used, which was probably too low to cause agglomeration of   

the char structure (Teng et al., 2001). However further surface structural an analysis of the Scanning 

Electron Micrographs (SEM) would shade more light on pore diameter, surface area and pore volume. 
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Figure 3. Plots of % Yield for the control and chemically activated carbons against temperature (0C).                   

4.1.2 Percentage carbon yield 

Figure 3 shows that the % carbon yield for the control, phosphoric acid-activated, and zinc chloride-

activated carbon decreases with increasing temperature of activation. A possible explanation for this 

observation is that higher temperatures increase the % carbon burn-off resulting in a smaller % yield. 

However it was observed that there was an increase in the mass of the carbon during cooling and this 

effect was reduced through the use of a desiccator during cooling to prevent gaseous and water vapour 

adsorption. 

Furthermore, the % yield of chemically activated carbons was higher than that of the control. This is in 

agreement with Sahu et al (2010) who also observed a decrease in carbon yield with increasing 

activation temperature and an increase in carbon yield with chemical impregnation. This implies that as 

temperature of activation increases the percentage of the peach stones that remains gets smaller, most 

of the biomass of the peach stones is burnt-off and lost as gases that escape the furnace. It was also 

observed that there is a discrepancy between the % burn off and the % yield. Ideally a sum of the % 

yield and % burn-off should give 100% but in this study the sum is above 100% and the yield is higher 

than expected. This was interpreted as suggesting either absorption of moisture from the atmosphere or 

some other gaseous substances from the atmosphere reacts with the carbon during cooling. 

4.1.3 Hardness number.                               

Figure 4.3 shows the variation of % hardness with temperature for the control, phosphoric acid and zinc 

chloride-activated carbons. It can be seen that the % hardness followed the order Control>Zinc chloride-

activated>Phosphoric acid-activated carbons.  

Furthermore, it can be observed that the % hardness decreases from 300 0C to around 600 0C and then 

starts to increase again. The highest, (88.43 %) hardness was obtained for the control at 300 0C. However 

this particular carbon is not significant in terms of adsorption of gold di-cyanide. 

The Zinc chloride impregnated carbon activated at 800 0C has ideal adsorption characteristics but 

comparably lower % hardness (58%) than some commercially available carbons. Probably a further 

increase in the activation temperatures will result in both an increase in hardness and adsorption 

efficiency. 

Although the % hardness number is a measure of resistance to crushing and breakage of granular 

carbons, it is only reliable when comparing carbons of the same form. Due to plant to plant variations 

in gold recovery operations, it is extremely difficult to verify the predictive value of any type of 

laboratory hardness tests on absolute plant carbon losses or even relative plant operations. 
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Figure 4. Plots of % Hardness against Temperature (0C) for the control and chemically activated 

carbons. 

With this situation, it appears that uneasiness with ball pan test methods developed out of difficulty in 

perceiving that resistance of carbon to breakdown from being shaken dry with balls would correlate with 

gentle wet agitation in a 40-50% fine solids slurry in a carbon in pulp system ( Faulkner et al, 1987).  

4.2. Adsorption kinetics 

In modelling industrial reactors, it is important to consider kinetics and equilibrium properties of 

processes. It is necessary to predict how much time is required to reach equilibrium and the rate at which 

reactions occur in order to predict the optimum conditions for the processes. In adsorption studies, 

kinetics is expressed as the solute removal rate that controls the residence time of the sorbate in the 

solid-solution interface (Augustine, 2007).   

The adsorption data obtained in the current study were modelled using the first order, second order and 

pseudo second order kinetic equations shown in Equations (1-3) (Hossain and Alam, 2012). 

First order kinetic model:   

𝑙𝑛𝐶𝑡 = −𝑘1𝑡 + 𝑙𝑛𝐶0  (4) 

where 𝑘1 is the first order rate constant, 𝐶0 is initial concentration of gold dicyanide, 𝐶𝑡 is the 

concentration of gold dicyanide after time 𝑡. A straight line of the 𝑙𝑛𝐶𝑡 versus 𝑡 plot  suggests validity 

of this  kinetic model.  

Second order kinetic model: 

1

𝐶𝑡
= 𝑘2𝑡 +

1

𝐶0
  (5) 

where 𝐶0 and 𝐶𝑡 are the concentration of gold di-cyanide at initial stage and after time 𝑡  respectively 

and 𝑘2 is the second order rate constant. The applicability of second order rate equation is verified by 

plotting 
1

𝐶𝑡
  as a function of time 𝑡. 

Pseudo-second order kinetic model: 

𝑡

𝑞𝑡
=

1

(𝑘3∗𝑞𝑒
2)

+
𝑡

𝑞𝑒
  (5) 
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where 𝑘3 is the pseudo-second order kinetic model. A linear variation of 
𝑡

𝑞𝑡
 vs 𝑡 suggests validity of the 

model. 

Tables 1 and 2 show acronyms for the samples used for the gold di-cyanide adsorption experiments and 

the kinetic parameters obtained from kinetic modelling respectively. Figures 5-15 show the graphs for 

the kinetic analysis of the data. In Figure 5, the graphs of % gold di-cyanide removal from solution 

against contact time for various heat and chemically-activated carbons show that phosphoric acid-

activated carbon samples generally have lower % removal of gold di-cyanide from solution. This could 

be because they are obtained at lower temperatures and hence have the least porous structure. Zinc 

chloride impregnated samples have higher % removal probably because they are obtained at higher 

temperatures compared to other samples. 

A comparison of phosphoric acid-activated carbon at 500 oC and Zinc chloride-activated carbon samples 

at the same temperature shows that under the same conditions the values of % gold di-cyanide adsorption 

were comparable. 

A correlation coefficient of R2>0.98 for Z6CT shows that the adsorption data fitted the first order kinetic 

model very well. For the rest of the adsorbents, R2 values less than 0.96 indicate that the adsorption data 

did not fit the model. 

It can further be deduced that the adsorbent Z8CT is the adsorbent that best-fitted both the second and 

pseudo second order kinetic models (R2>0.99). 

  

Figure 5. The graph of % Removal against Contact time (minutes) for Various Activated carbons. 
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Table 1. ACRONYMS OF ACTIVATED CARBON SAMPLES  

Code Activation conditions Experimental measurement Temperature of activation 

(0C) 

HCT5 Air- 

phosphoric acid 

Contact time 500 

HCT4 Air- 

phosphoric acid 

Contact time 400 

HCT13 Air- 

phosphoric acid 

Contact time 300 

HNCT3 Nitrogen- 

Phosphoric acid 

Contact time 300 

Z8CT Air- 

Zinc chloride 

Contact time 800 

Z7CT Air- 

Zinc chloride 

Contact time 700 

Z6CT Air- 

Zinc chloride 

Contact time 600 

Z5CT Air- 

Zinc chloride 

Contact time 500 

 

Figure 6. The First order Kinetic model for carbon activated at 800 0C with Zinc Chloride impregnation 

(Z8CT sample) 
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Figure 8. The First order Kinetic model for carbon activated at 700 0C with Zinc Chloride 

Impregnation 

 

Figure 7. The graph of First Order kinetic model for carbon activated at 600 0C with Zinc Chloride 

impregnation 
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Figure 9. The graph of First Order kinetic model for carbon activated in a Nitrogen environment at 300 
0C with Phosphoric Acid impregnation. 

  

Figure 10. The Second Order kinetic model for carbon activated at 800 0C with Zinc chloride 

impregnation (Z8CT) 

 

Figure 12. The Second Order kinetic model for carbon activated at 700 0C with Zinc chloride 

impregnation (Z7CT) 

 

Figure 11. The Second Order kinetic model for carbon activated at 600 0C with Zinc chloride 

impregnation (Z6CT) 
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Figure 13. The graph of Second Order kinetic model for carbon activated in a Nitrogen environment at 

300 0C with Phosphoric acid impregnation (HNCT3) 

 

Figure 14. The Pseudo Second Order kinetic model for carbon activated at 800 0C with Zinc Chloride 

impregnation (Z8CT) 

 

Figure 16. The Pseudo Second Order kinetic model for carbon activated at 700 0C with Zinc chloride 

impregnation (Z7CT) 
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Figure 15. The Pseudo Second Order kinetic model for carbon activated at 600 0C with Zinc Chloride 

impregnation (Z6CT) 

 

Figure 17. The graph of Pseudo Second Order kinetic model for carbon activated in a Nitrogen 

environment at 300 0C with Phosphoric acid impregnation (HNCT3) 

Table 1. The comparison of first order, second order, and pseudo second order adsorption rate 

constants 

 First order Second order Pseudo second 

order 

Sample  k1 R2 k2 R2 k3 R2 

Z8CT 0.022 0.9597 0.0125 0.9972 0.0412 0.9972 

Z7CT 0.008 0.8691 0.008 0.8673 0.00367 0.4156 

Z6CT 0.007 0.9884 0.7793 0.9592 0.0108 0.9592 

HNCT3 0.001 0.8991 6.2738 0.9674 0.245 0.9674 

In a related study (Gulipalli et al, 2011) the calculated correlation coefficients were used to approximate 

more appropriately the kinetic model for adsorption. In this case the second order and pseudo-second 

order calculated correlation coefficients are closer to unity than first order kinetic model for Zinc 

chloride activated at 800 0C.  The Z7CT has correlation coefficients lower than 0.98 and so not well 

fitted to the kinetic models used. 
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 However the Z6CT can be more approximated by first order kinetic model. The carbon activated at 300 
0C in a Nitrogen environment with phosphoric acid impregnation fits into both the second order and 

pseudo second order kinetic models. 

5.1 CONCLUSION 

Activated carbon prepared suing peach stones adsorbed varying amounts of gold di-cyanide depending 

on the activation chemical and activation temperature used. Granular Peach stone samples impregnated 

with zinc chloride and activated at 800 0C showed the highest % gold di-cyanide adsorption, achieving 

greater than 95% adsorption in 120 min.  It was also shown that the % hardness of the carbons decreased 

with activation temperature from 88 % at 300 0C to 33 % at 400 0C and then starts to increase slowly to 

58 % at 800 0C. From kinetic studies, it was shown that the granular activated carbon activated using 

zinc chloride at 600 0C best fitted the first order kinetic model and the increasing the activation 

temperature to 800 0C resulted in the adsorption data best fitting the second order and pseudo-second 

order rate models. 

The two basic requirements for the application of granular activated carbons in the carbon in pulp 

process are that the carbon have a significant adsorption capacity of gold di-cyanide and a significant % 

hardness to prevent losses of fines of the carbon carrying gold adsorbed on it. It is concluded that 

granular activated carbon from peach stones meet these basic requirements and hence it has the potential 

to be applied to the carbon in pulp mining process. However it should be pointed out that this product 

is still at developmental stage and further investigations are needed to produce a granular activated 

carbon which can compete with the imported products. 

5.2 RECOMMENDATIONS 

In order to improve further both the adsorptive characteristics of the granular activated carbon from 

peach stones and its % hardness, it is recommended that for chemical activation more variables need to 

be investigated. For example the effect of the duration of activation, the effect of differing impregnation 

ratios, and the effect of impregnation with different impregnating chemicals. Further investigation on 

the surface functional groups need to be done to inform adsorption mechanism and aid tuning the 

adsorption characteristics of the carbons. Elution studies are also needed as well as regeneration studies.  

Alternatively, pyrolysis and steam activation could be investigated and wet methods of determining the 

hardness could be used since they better approximate the conditions in the carbon in pulp process. 
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ABSTRACT 

This paper describes a teaching tool based on the Motorola MC68HC11F1CFN3 microcontroller which 

is suitable for supporting the teaching of Electronic Engineering degree programmes in tertiary 

institutions. Microcontrollers form the backbone of industrial process control systems in the form of 

Programmable Logic Controllers (PLCs), AC Drives and SCADA (Supervisory Control and Data 

Acquisition) systems. The microcontroller includes a lot of new programmable features which includes 

internal memory address decoding and a non-multiplexed bus system for external memory and I/O 

access. The teaching tool uses a very powerful text based command monitor (written in assembly 

language) which allows the student to interact with it by typing commands with the use of an RS232 

serial interface. The monitor program includes a “library” of predefined routines of commonly used 

functions. It includes a built in “machine code editor”, assembler and dis-assembler with an advanced 

labels system. 

Keywords: microcontroller, control system, non-multiplexed 

1 INTRODUCTION AND OBJECTIVES 

Microcontrollers are the backbone of industrial process control systems in the form of Programmable 

Logic Controllers (PLCs) and SCADA (Supervisory Control and Data Acquisition) systems. They are 

also an integral part of AC Drives (also commonly referred to as VSDs or Variable Speed Drives). A lot 

of other industrial control systems are built on custom designs based on microprocessors and 

microcontrollers.  As a result Electrical and Electronic degree programmes at tertiary institutions offer 

courses on microprocessors and microcontrollers. However, there are few tools available to support this 

teaching in a practical and “hands on” manner. Component manufacturers do provide development tools, 

but these are very expensive. (1)  A number of overseas universities have developed their own custom 

teaching tools to suit their own programs. (2) 

1.1 Microcontroller Hardware Features Summary 

The teaching tool described in this paper is based on the MC68HC11F1CFN3 microcontroller 

(commonly referred to as simply HC11) which introduces many new features which simplify hardware 

design. It includes on chip, 1024 bytes of internal static RAM and 512 bytes of internal non-volatile 

EEPROM. An asynchronous serial SCI subsystem is built in to support an RS232 interface to facilitate 

user interaction with the system through its monitor program. An internal synchronous SPI subsystem 

is also available, and on the teaching kit, interfaces to the external 25LC640 8 kilobyte serial EEPROM. 

This allows the tool to be used as an advanced project development system. It has a built in 

comprehensive timer system which includes a Pulse Accumulator, input capture and output 

comparison functions and a real time interrupt for supporting real time systems and a real time clock. It 

has an internal 8-bit successive approximation Analogue to Digital Converter (ADC) with 8 analogue 

channels.  
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With six 8-bit ports and one 6 bit port, it includes a lot of new programmable features which includes 

internal memory address decoding (with selection of high or low active controls) and a non-multiplexed 

bus system for external memory and input / output (I/O) support. 

1.2 Four Modes of Microcontroller Operation 

The microcontroller supports four different, but mutually exclusive, modes of operation. In the single 

chip mode, the microcontroller works alone in an embedded control system to monitor and control its 

environment. In normal expanded mode, it requires additional external memory and I/O devices for a 

more advanced control system. The special bootstrap mode has special uses, some of which include the 

self testing of the microcontroller after it is fabricated in the IC manufacturing plant. There is also a test 

mode to allow the microcontroller to test the hardware around it in an expanded mode system. 

1.3 Teaching Kit Hardware’s Components 

The teaching tool integrates this microcontroller operating in the normal expanded mode with additional 

external hardware components which include the 27C256 32 kilobyte EEPROM chip which stores the 

monitor program and the TC551001BPL-70L 128 kilobyte RAM chip, of which only 32 kilobytes can 

be accessible at any given time. Two Motorola MC6821 PIAs are included in the hardware to allow for 

control and monitoring of a lot of external activity – and to facilitate interfacing to a wide range of other 

external devices. Two 74LS157 ICs (each a quad 2 to 1 multiplexer) are used to increase the number of 

inputs to the microcontroller through its input only digital port: PORTE. PORTE can alternatively be 

used to provide 8 analogue input channels working with the single 8-bit successive approximation 

analogue to digital converter (ADC). Two 74LS373 octal latches are used to buffer the address outputs 

from the microcontroller for addressing expanded memory. A single 74LS245 data transceiver provides 

for bidirectional data transfer through to the data bus. A MAX232 chip is used for level translation from 

the TTL levels on the SCI subsystem to the RS232 levels on the serial link. A complete built in power 

supply allows the system to be connected to the secondary of a step down transformer from mains to 8 

volts RMS. 12 volts RMS is the maximum recommended AC stepped down supply voltage.  

1.4 Teaching Kit’s Monitor Program Summary 

The teaching tool is based on a very powerful text based command monitor which allows the student 

to interact with it by typing commands with the use of an RS232 serial interface to a “teletype” device 

e.g. a Windows machine running hyperterminal. It includes a built in “machine code micro editor”, 

assembler and disassembler: the latter two of which work with an advanced system of assembly 

language labels.  Pre-assembled code in either Motorola S format or Intel Hex format can also be 

downloaded into the teaching kit through the serial link into the system’s static RAM. The monitor 

program includes a “library” of predefined routines of commonly used functions. These include input 

and output and display functions. Also included are routines for writing to and reading from both 

internal and external EEPROM. Commands exist for displaying memory contents, copying, moving or 

filling blocks of memory. The system maintains an accurate real time clock and there are provisions for 

setting the time of day. The monitor program itself is written in assembly language and its machine code 

fills half of the 27C256 32 kilobyte EPROM chip. 
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2 TEACHING TOOL’S HARDWARE 

Figure 1 is the block diagram of the teaching tool’s hardware while Figure 2 is that of its memory map. 

 

The hardware is built on a double sided through hole plated Printed Circuit Board. It has a built in power 

supply comprising a rectifier, smoothing capacitors and a +5 volt regulator capable of supplying upto 5 

amps. Standard interface connectors exist to the PIA inputs and outputs, serial port and digital input only 

interface (together with the Analogue inputs). This facilitates the use of the hardware to interface with, 

and control external systems.  

Figure 1. System Block Diagram 
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3 TEACHING TOOL’S SOFTWARE 

Interaction with the teaching tool is through the use of a text based command interface. The command 

prompt consists of the system time in square brackets followed by a fixed string, e.g. [12:45:00]ee@uz.  

A total of 20 commands have been defined for use with the system. A command line buffer, consisting 

of 32 bytes of consecutive memory locations, is used to accept keyboard input ASCII characters via the 

serial link. There is a facility for back spacing to correct typing errors with the use of <CONTROL> 

H. Received keystrokes are stored in the command line buffer and echoed back for display on the user’s 

screen. After pressing of the <ENTER> key, the command line is processed. The predefined set of 

commands are stored in a “balanced” binary tree (sorted in alphabetical order) completely stored in the 

Read Only Memory space of the system. See figure 3. Each node in the binary tree contains four 

addresses (or pointers). The first points to the command comparison string for the node. The second 

contains the start address of the subprogram to be executed (to obey the command) for a match at that 

node. The third and fourth entries are the LEFT and RIGHT pointers normally associated with binary 

trees. A binary search for the full command (or a matching prefix substring) is made. If there is a match, 

control is passed onto a routine for handling that command. Failure to find a match results in the error 

message: undefined / unknown command. Most commands are followed by one or more address 

parameters. The command processor will prompt for missing addressing information. There are 

commands for displaying the contents of memory in binary, for entering ASCII strings into memory, for 

entering machine code directly into both RAM and EEPROM, for disassembling programs and 

assembling programs online. For the latter two commands, meaningful labels can be used. The define 

command allows the user to assign a label to an address. The monitor program itself can be 

disassembled with the use of meaningful labels. These labels include the names of internal configuration 

registers. Another binary tree is used for the storage of all the labels.  
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Figure 2. System’s Memory Map 
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It starts in the Read Only Memory space where predefined labels are stored but extends to Read Write 

Memory space for user defined labels or those created automatically by the on-line assembler. All the 

user defined labels (including the ones created by the on-line assembler) can be cleared with one 

command. Note that labels and numerical hexadecimal addresses can be used interchangeably in the 

system. Specifically, commands can be followed by labels – where addresses would normally have been 

used. There are commands for block copy and move and these require a source start and source end 

address and a destination start address. The fill command allows a specified memory area to be filled 

with a prescribed byte. 

 

3.1 Predefined Routines 

A number of predefined subroutines have been created and documented for use by the students or users. 

The predefined label and start address of each subroutine is given together with the input and output 

parameters. These include get_char, put_char and echo_char for managing the movement of ASCII 

characters through the serial link. display_8 and display_16 convert and display 8-bit bytes and 16-bit 

words as 2 and 4 hexadecimal digits respectively. disp_mess and copy_string manipulate NULL 

terminated strings as in the programming language C. In addition, there are predefined routines for 

writing to, and reading from the internal EEPROM and external serial EEPROM. 

3.2 Assembler and Disassembler 

The assemble command (which requires a start address) invokes a built in fixed format assembler. It 

processes assembly language statements and converts them into machine code, statement by statement. 

It is a two pass assembler in the sense that unresolved forward branch labels are patched in during the 

second “backpatch” pass. Only the manufacturer specified mnemonics are allowed. Predefined and 

user defined labels are allowed and are processed correctly. 

The disassemble command specifies the start and end addresses of machine code which is to be 

disassembled.  

 Routine 3 

 Routine 6  Routine 5  Routine 4 

 Routine 2 

Figure 3. Command Processor Binary Tree 
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The output from the command (displayed on the user’s screen) is the listing format produced by most 

assemblers. Machine code addresses and machine code is laid out on the extreme left separated from 

the source code complete with labels on the right. Listing 1 is an example of the output generated by the 

disassembler after the command: disassemble C000 is issued. Address $C000 is the start address of the 

monitor program in the EPROM space on the memory map. 

[13:44:59]ee@uz> disassemble C000 

C000    86 89   COLD_START LDAA  #$89 

C002    B7 103D            STAA   INIT 

C005    8E 80FD            LDS    #80FD 

C008    BD DBB2            JSR    INITIALISE 

C00B    BD DBE0            JSR    $DBE0 

C00E    CE FB40            LDX    #BANNER 

C011    BD C130            JSR    DISP_MESS 

C014    BD C023            JSR    $C023 

C017    0E                 CLI 

C018    BD C190 LOOP       JSR    $C190 

C01B    BD C269            JSR    $C269 

C01E    BD C1B8            JSR    $C1B8 

C021    20 F5              BRA    LOOP 

C023    BD C023            JSR    $C023 

C026    0E                 CLI 

Listing 1. An example disassembler listing output 

3.3 Real Time Clock 

A real time interrupt maintains a very accurate clock which loses only one second in 24 hours! It is 

derived from the 2 MHz ceramic crystal (which drives the microcontroller) and a periodic interrupt – 

the real time interrupt (RTI). The time command allows the user to specify the correct time. Otherwise 

the real time defaults to [00:00:00] after power is applied to the teaching kit. User application programs 

have access to this real time clock for use in their control application programs. 

4. APPLICATIONS 

When the teaching kit was first released in March 1998, two well attended industrial short training 

courses were organised in Harare. 

After the teaching kit was first made available to academic teaching staff and students at a local 

university, it became an instant hit. It became very popular with students for project and laboratory work. 

One such student project was the work done at Orbit Pumps (also known as Klemac Manufacturing) in 

Msasa, Harare. This company produces irrigation system components including sprinklers and 

couplings for irrigation pipes etc. A local consulting company had installed an electronic control system 

for an automated electronic lathe called the Nakamura. A German consultant had been hired to program, 

in dynamic C, the lathe control system built on a Zilog microprocessor based controller. It ran for some 

time until its hardware failed. A design team to resolve the problem was set up comprising participants 

from the industrial short training courses and a final year electrical engineering student. A decision was 

made to reverse engineer a system from scratch to replace the faulty Zilog controller.  
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Within the space of one calendar month, from cradle to grave, a functional system was produced. The 

hardware for the system was designed in two weeks. A local company fabricated the double sided 

through hole plated printed circuit board (PCB) just slightly larger than A5 size. It took another two 

weeks to develop the operational software – all written in HC11 assembly language. The results were 

spectacular! The system worked first time according the original specifications. In addition, additional 

features were added to the control system by expanding the system software after consulting Nakamura’s 

operators as to what else they required the lathe to do. Nakamura is one of the most productive 

machines at Orbit Pumps with the highest throughput. Minimal human intervention is required. An 

operator is only required to load a new bar of material when the current one is finished. 

Another project which was executed as result of the HC11 development system is the reverse 

engineering of a “bottle leak tester” at a local plastics manufacturing plant belonging to Mukundi 

Plastics. Mazoe and other plastic bottles are blow moulded at high temperature in the blow moulding 

plant. However, some of the bottles have very small holes which cannot be detected by the human eye. 

Such leaky bottles must be detected and rejected after they are manufactured. A bottle leak tester is a 

machine which pressurises and seals a bottle to a predefined pressure and then waits for a predefined 

time – typically 15 seconds. The pressure in the bottle is then measured again. If it is below a 

predetermined threshold, the bottle is ejected off the production line. An HC11 control system was 

successfully reverse engineered to replace a faulty original. 

Other project work which was carried out at the University of Zimbabwe using this teaching kit include 

a temperature controlled water bath,  temperature control of an electric geyser (3), a tobacco curing 

system where both temperature and humidity are to be controlled to follow recommended profiles. The 

teaching kit allowed students to quickly come up with working systems before designing custom printed 

circuit boards for their projects.  

5. CONCLUSIONS 

This work demonstrates that local researchers and students can come up with home grown solutions, 

based on imported hardware components and locally developed software to build complex industrial 

systems from scratch. Specifically, the teaching tool can be interfaced to minimal external hardware to 

demonstrate the ability to control a complex industrial process. Thereafter, a custom system can then be 

designed and integrated onto one printed circuit board. In particular, Zimbabwe can develop its own 

local programmable logic controller or PLC. The resultant PLC would be as reliable as imports but at a 

fraction of the cost. This would be one step in trying to revamp antiquated industrial equipment which 

was installed during the colonial era as Zimbabwe seeks an economic turnaround. Zimbabwe should 

take a cue from countries likes South Korea which has established a range of brand industrial equipment 

in the area of PLCs and AC drives which compete with established European brands but at a fraction of 

the cost. 

6. RECOMMENDATIONS 

The MC68HC11 teaching kit was developed at a time when the RS232 serial port was a standard offering 

at the back of every desktop and laptop. Like the parallel port (commonly referred to as the Centronics 

Interface), the serial port is no longer provided on the latest machines. Both have been replaced by the 

USB port. There are standard cables on the market which convert from one standard to the other and 

vice-versa but their operation is not always satisfactory.  
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There is a need to develop a simple low cost converter which would be an integral part of the teaching 

kit to allow it to be connected to modern machines running the latest operating systems in such a way 

that they truly behave as the classical teletype terminal. These will be based on MicroChip 

microcontrollers like the PIC18F4550.  (4) 

It is recommended that similar research work be carried out on other microcontrollers, e.g. the Intel 

range of 8-bit and 16-bit microcontrollers. Similar work can also be carried out on the Motorola HC12 

released as a successor to the HC11. (5) 
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ABSTRACT  

People with chronic conditions take medicines on a daily basis hence the need for the medicines to be 

always available. Unfortunately in most developing economies like Zimbabwe, supply is intermittent 

based on various factors of which some if well understood may be addressed easily. This research sought 

to investigate the causes of intermittent supply of medicines for Chronic Non-Communicable Diseases 

(CNCDs) in Zimbabwe. Data for this study was collected using interviews on key personnel and self-

administered structured questionnaires on private pharmaceutical wholesalers’ (PPW) staff. The study 

established that the major causes of intermittent supply of medicines for CNCDs included financial 

constraints, high costs of medicine registration, inefficiency of regulatory bodies and importing 

managers, as well as shortages from manufacturers due to the fact that Zimbabwe is a small market to 

them. Based on the study findings a number of recommendations were made.  

Keywords: intermittent medicine supply; Chronic Non-Communicable Diseases; availability 

1. INTRODUCTION AND BACKGROUND 

A chronic condition is a human health condition or disease that is persistent or otherwise long-lasting in 

its effects (1). In essence, it is a debilitating condition that interferes with an individual's way of living 

a normal life and dealing with the society brought about by different signs and symptoms. Chronic 

diseases can either be communicable or non-communicable, the difference being in their ability to be 

transmitted from one person to another. Chronic non-communicable diseases (CNCDs) are non curable 

medical conditions and are non-infectious, (2); so they are one men’s problem since they are not 

infectious. Five main types of CNCDs are cardiovascular diseases (such as heart attacks, strokes, and 

hypertension), cancers, chronic respiratory diseases (such as asthma), mental problems (such as 

epilepsy) and diabetes.  

In Zimbabwe only less than one per cent of chronic medicines are manufactured locally and the rest are 

imported from different parts of the world mainly from India and South Africa. The importation process 

is marred with irregularities, logistical glitches leading to winding processes. The government has 

completely stopped importing medicines for the past decade; this is now being wholly done by 

individual private pharmaceutical wholesalers (PPW). To worsen the situation, if a certain company 

register to bring a certain medicine no other company will be allowed to import it.  
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Medicines Control Authority of Zimbabwe (MCAZ) is responsible for registering the medicines and 

giving import licenses as well as inspecting the medicines when they are brought in. On the other hand, 

Zimbabwe Revenue Authority (ZIMRA) is responsible for clearing the medicines at different border 

posts including at airport. Central Bank is another concerned authority; however, since dollarisation the 

role of the Reserve Bank of Zimbabwe in availing payment is now limited as the whole country is using 

foreign currency. As majority of CNCDs medicines are imported, changes and implementation of 

various regulations (for example, border clearing delays) or legislations of these authorities have a 

bearing in the nature of supply of the medicines.  

Without consistent supplies, CNCDs will continue to negatively affect socio-economic welfare in 

Zimbabwe. Developing countries are undergoing an epidemiological transition from infectious and 

parasitic diseases to chronic diseases which require health systems modifications to address their long-

term nature in addition to prevention efforts. 

To date no research has been done in Zimbabwe to understand the causes of intermittent supply of 

chronic medicines. It is therefore the purpose of this study to close this gap by taking a survey on the 

PPW. Appropriate pharmacological treatment has been shown to significantly reduce morbidity and 

mortality from chronic conditions, yet the necessary medicines are not equitably distributed or used as 

widely as required (1). Zimbabwe does not have a national policy on the prevention, diagnosis and 

treatment of CNCDs due to its political and economic status. Private companies are the only ones that 

are currently importing medicines for CNCDs. This is despite that the burden of chronic CNCDs 

including mental health conditions is felt in workplaces around the world, notably due to elevated levels 

of absenteeism, or absence from work because of illness, and presenteeism (productivity lost from staff 

coming to work and performing below normal standards due to poor health). 

 Ensuring sustained medicine availability is clearly an essential precondition to achieving high 

adherence rates and is supported by Target 8 E of the Millennium Development Goals which deals with 

access to affordable essential medicines in developing countries. This research set out to investigate the 

causes of the intermittent supply of medicines for CNCDs and try and come up with some solutions for 

this life threatening problem in case of Zimbabwe. The conceptual framework of obstacles to CNCDs 

medicine access includes development, availability, distribution, care provision and usage of the 

medicines. This research focused on availability. From the analytical framework, analysis is done on 

what can hamper availability and distribution of CNCDs medicines to the extent of leading to 

intermittent supply as shown in Figure 1. 

Source: Rand Corporation, 2011 

Figure 1: Conceptual Framework 

The actions of each role player in the availability of medicines in Zimbabwe was centre of focus, and 

how such actions improve or distract supply chain forms the crux of this study.  
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This research is based on causes of erratic supply of medicines as established from literature which 

include lack of finance, lack of inventory management skills on the part of importer, inefficiencies on 

the part of responsible authorities, and shortages from manufacturer, high registration fees and 

corruption. To what extent do role players agree to these possible causes in context of Zimbabwe? 

2. RESEARCH OBJECTIVES 

The main objective of this research was to investigate why there is intermittent supply of medicines for 

chronic non communicable diseases in Zimbabwe. The specific objectives included: 

 To find out the causes of the intermittent supply of medicines for chronic non communicable 

diseases (CNCDs). 

 To find out the impact of regulatory procedures and capacity on the availability of medicines for 

CNCDs 

 Explore logistics involved in the importation of medicines for CNCDs. 

2.1. Research Hypothesis 

H1: The intermittent supply of medicines for CNCDs is due to financial constraints which are being 

faced by the private pharmaceutical wholesalers that are involved in the importation of chronic 

medicines. 

H2: The intermittent supply of medicines for CNCDs is due to high registration costs and the 

inefficiency of statutory bodies that are involved in the regulation of importation of chronic medicines. 

3. METHODOLOGY  

Research strategy 

In this research a survey strategy was used because no research strategy is inherently superior or inferior 

to any other but the fact that it should be able to answer the research questions and meet the research 

objectives. The research strategy was also chosen after considering the extent of existing knowledge, 

the amount of time and the available resources as well as the researcher’s philosophical underpinnings. 

Population and sampling techniques 

This study was carried out on the whole population of private pharmaceutical wholesalers in Zimbabwe 

which are involved in the importation of medicines that are used in CNCDs. The population constitutes 

11 companies and all professional staff from the purchasing and supply department of each company 

participated in the study through an interviewer administered -structured questionnaire. Professional 

staff from other departments also participated in the study through a self-administered questionnaire. In 

the study, a structured questionnaire was employed for standardisation purposes. Key informant 

interviews were also held with licensing officers from MCAZ, senior manager National Pharmaceutical 

Company (NATPHAM), senior manager drug section ZIMRA, a senior officer in the Ministry of Health 

non-communicable diseases and operational managers of the commonly used clearing agents for the 
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PPWs. A structured questionnaire was used in these interviews and the main purpose was to validate 

data obtained from PPW.  

Methods of conducting survey research 

The researcher used the personal interview for exploratory purposes. Given the limitations associated 

with the other methods of conducting surveys, data for the research study was gathered through self-

administered questionnaires and key informant interviews. Self-administered questionnaires are 

research instruments delivered to the respondents personally by the interviewer; completed by a 

respondent with no interviewer involvement (3). The researcher used self-administered questionnaires 

for the reasons of ensuring anonymity and privacy; to obtain higher response rate and they are less 

expensive, (3).  

Questionnaire and key informant interview schedule details 

Self-administered structured questionnaires were sent out to 55 Private Pharmaceutical Wholesalers 

Professional Staff and managers, 55 interviews were scheduled for Private Pharmaceutical Wholesalers 

purchasing and supply professional staff and managers, and different interviews were scheduled with 

MCAZ Licensing officers, ZIMRA senior manager customs Drug Section, Medicines Clearing Agents,  

a senior officer in the Ministry of Health and Child Welfare Non- Communicable Diseases Department, 

senior Manager at NATPHARM ) were used to collect data. 

Structured questionnaires were used due to their advantage of allowing all necessary questions to be 

asked in a logical order and ensuring that all the relevant information is obtained. Also since this study 

is predominantly quantitative, structured questions are the best to extract relevant data from respondents.     

The questions in the instruments were carefully selected to ensure that only questions that make 

meaningful contributions to the focus of the study are included.  

 In coming up with the questions, the researcher took consideration of the theoretical constructs that 

were identified during literature review as well as gaps in literature which need to be filled with new 

knowledge and insights. The majority of questions were presented in the form of a five point Likert 

scale. The Likert scale format questions are easy to answer, at the same time providing all the relevant 

information. The questionnaire was separated into two main sections covering the major headings, 

namely: General and Demographic information and Supply logistics of CNCDs medicines organised in 

order to address the objective of the study. 

Following the design of the questionnaire, a pilot testing was conducted. In the pilot testing, ten 

questionnaires and five interview schedules were distributed to some experts. This was followed by a 

discussion with experts to strengthen the validity of the instruments and to identify unclear or 

ambiguously formulated questions, to detect flaws in measurement procedures as well as to investigate 

the reliability of the selected instruments.  

Data Analysis Techniques 

Data analysis was done using the SPSS software and descriptive statistics were used as the whole 

population was studied. Both qualitative and quantitative techniques were employed to present the 

results and support the empirical discussion, albeit with a bias towards quantitative analysis.  
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In this study the units of analysis were organisations, the private pharmaceutical wholesalers and the 

different statutory bodies. Correlation among the variables was tested. A correlation is useful to see the 

relationship between two (or more) normally distributed interval variables. 

On the other hand simple liner regression analysis was conducted which allowed inspection of  linear 

relationship between one normally distributed interval predictor and one normally distributed interval 

outcome variable. Furthermore if there are more than one predictor variable in the equation a multiple 

regression is estimated, which is very similar to simple regression. In some instances, under multiple 

regressions as in this study, there may be too many variables to the extent that a check needs to be done 

on whether they are all relevant to be included in the model. The regression model was as shown in 

equation 1 

Overall, confidence in the relationships depicted and associations found is necessary for better policy 

recommendations. Statistically this can be checked using the Chi-square goodness of fit: this test is done 

to test the significance of the relationship among variables. Also called Pearson's chi-square test or the 

chi-square test of association; used to discover the strength of relationship between two categorical 

variables. 

3.6. Regression Model 

A model was proposed to explain intermittent supply of CNCDs medicines. The model is a follows: 

𝑶/𝑺 = 𝜶 + 𝑭𝑪 + 𝑪 − 𝑰𝑻𝑺 + 𝑹𝒆𝒈𝒑 + 𝑴𝒔 − 𝑬𝒇𝒇 + 𝜺 … . . 𝟏 

Where,  

O/S = CNCD medicines intermittent supply (out of stock) 

α= Y- intercept 

FC= Financial Constraints 

C= costs 

IT_S = information technology/software 

Regp= registration period 

Ms = supply from the manufacturer/ supplier 

Eff = efficiency of regulatory bodies and clearing agencies 

ε = the error term capturing unquantifiable variables (qualitative variables) 

This means supply of CNCD depends on access to finance by PPWs, and can be hampered by increase 

in charges/ costs levied, delays in registration and can be improved by better software and improved 

efficiency. Also the availability of medicines from manufacturer is key to ensuring consistent supply. 

4.0 RESULTS AND DISCUSSION 

Response rate 

The response rate for questionnaires was about 84% (46/55) and 88% (48/55) for the PPW purchasing 

and supply stuff (PPWPSS) and PPW professional staff (PPWPS) respectively. For the interview 

schedules, 100% response rate was achieved as all targeted key personnel dealing with the drug 

regulation in each regulatory body agreed to be interviewed. (4), (5) and (6) noted that a response rate 

of at least 50% is the one acceptable. 
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Number of medicines imported per Company 

To ensure efficiency in importation business, the basics are involved: understanding transport logistics 

(including storages); foreign exchange dynamics and risk; international and local rules and regulations; 

payment modalities (including foreign banking systems and their relationship with local financial 

institutions regulations); political environments, among others.  Expectedly, the person (or organisation) 

in charge of importation of chronic medicines must  appreciate and implement international financial 

management concepts like interest and foreign exchange, risk management, financing model and 

payment methods 

The number of medicines imported per each company range from 5 to 92. This implies that of the 210 

imported chronic medicines 92 of these medicines are imported by one company as shown in Figure 2.  

 
Figure 2: Number of CNCDs medicines imported by each PPW 

Sixty-two percent import such medicines because they have a contract or a form of an agreement with 

the manufacturer. Such agreement, could be expected at least to provide an assurance of consistent 

supply of the registered medicines, and in essence shortages or stock outs will be least expected but that 

is not the case in Zimbabwe. A lot of monopolies existed on certain medicines which is a cause of erratic 

supply. On the other hand, a third import medicines because they know that the market for such 

medicines do exists, while 2.1% apiece do import because it is a business strategy and that they are the 

ones they are registered for. None of the PPW priorities the importation of chronic medicines and 

business decision were based on using available funds to purchase drugs that maximize profits. 

From the instrument design spelt out in section three above, supply of CNCDs is measured by asking 

respondents if they have ever encountered stock out (dichotomous response), and if so, how many were 

such stock outs as measured in categories. All respondents indicated that they have once experienced 

stock outs of the medicines. However, the extent of the stock outs (as measured by times/occurrence per 

year vary, with modal being 6-10 stock outs per annum as shown in Table 1. The reasons for the out of 

stock were investigated.          
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Table 1: Out of stock (per year) 

  

Frequency Percent 

Cumulative 

Percent 

 6-10 19 39.6 50.0 

10-15 9 18.8 68.8 

over 15 15 31.2 100.0 

Total 48 100.0  

The first question “Have you ever encountered out of stock?” measures the presence or absence of the 

problem without much indication of the degree of severity. A follow up question “If yes, how many out 

of stock (per year)?” was constructed specifically to shade insight on the severity of the pointed out 

problem. Hence, for that reason, on subsequent analysis, intermittent supply of medicines was measured 

by the latter question which is a categorical variable.   This subsection set to present the analysis and 

testing of the first research hypothesis. To test this hypothesis, firstly the reasons for stock outs were 

recorded and the results are shown in Table 2. 

 Table 2: Reasons for Stock outs 

  

Frequency Percent 

Cumulative 

Percent 

Valid Financial/ cash 27 56.2 56.2 

Inefficiency of own 

purchasing department 
2 4.2 60.4 

Supplier/ Manufacturer 

out of stock 
19 39.6 100.0 

Total 48 100.0  

Only 4.2% of the respondents pointed out that out of stocks are caused by the inefficiencies of their own 

companies (inefficiencies of own purchasing department), with majority 56.2% attributing the problem 

to financial/ cash flow constraints, while the remaining 39.6% put the blame on the supplier/ 

manufacturer running out of stock. The researcher fail to reject the hypothesis and ‘provisionally’ (prior 

to statistical confirmation) conclude that the intermittent supply of medicines for CNCDs is due to 

financial constraints which are being faced by the private pharmaceutical wholesalers that are involved 

in the importation of chronic medicines. This is supported by 60, 4% (56.2% +4.2) whose responses put 

the blame of their own companies’ logistics management- logistics include financial management 

(access and allocation). Imperative, however to note here that, financial constrains go beyond individual 

companies capacity to execute International Financial Management strategies, credit may actually be 

constrained. The latter is not farfetched given the recent financial illiquidity within the Zimbabwean 

economy. PPW modes of payment as shown on Figure 3 indicate the need for hard cash for importing 

the medicines. 
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Figure 3: Payment Methods used by PPW 

On the other hand, cross tabulations are very useful statistical tools for analysing associations and testing 

hypothesis. Financial/cash flow problems dominated as the reason for  out of stock of CNCDs medicines 

in the severe cases of 10-15 cases and over 15 cases per year and those who perceive the problem as 

emanating from suppliers/manufacturers running stock outs have encountered few cases of stock outs. 

Of those who have encountered 1-5 stock outs 80% attribute the problem to supplier/manufacturer 

inefficiency while 20% to financial/cash flow challenges. Also, majority 63.2%, (25% of total) of those 

who experienced 6-10 counts of stock out blame the supplier/manufacturer, 31.6% attribute the problem 

to financial/cash flow challenges and the remainder to the inefficiencies of own purchasing department. 

All of those who experienced over 15 stock outs reported that the reason behind such intermittent supply 

is financial/cash flow challenges. The role of astute International Financial Management skills in the 

supply chain logistics needs no emphasis. As espoused in literature review, import business is associated 

with numerous international financial management chores that need to be grasped, ranging from 

exchange rate risk, currency risk to understanding of different financial systems and how they link with 

local counterparts.  

The chi-square is significant giving a robustness confirmation to the preceding discussion. So are the 

symmetric measures, specifically the Kendall’s tau-b. Pearson chi-square tests the hypothesis that the 

row and column variables are independent. The actual value of the statistic is not very informative. The 

significance value has the information needed. The lower the significance value, the less likely it is that 

the two variables are independent. In this case, the significance value is so low that it is displayed as 

.002, which means that it would appear that the two variables are, indeed, related. Overall the researchers 

failed to reject the hypothesis and therefore, at 1% significant level, conclude that the intermittent supply 

of medicines for CNCDs is due to financial constraints.   

The robustness checks for the strength of the association found has been tested using symmetric and 

directional statistics. Furthermore, a confirmation was obtained from the directional measures that came 

out to be significant at 1%. Also, the corresponding symmetric measures had Spearman correlation and 

Pearson’s are both significant at 1%.  Both directional and symmetric measures test the strength of the 

association between/ among variable is considered in cross tabulation. Significant statistics imply that 

the association that was found in cross tabulation is confirmed to be strong and stable. 

Cash On 
Delivery

3%

Letter of Credit
19%

Prepayment
78%

Payment Method
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Directional mainly tests the association with regards to the direction of causation implied by the cross 

tabulations, for example in this case: the severity of stock out is explained by the causes identified.  

The more frequent the possible causes have been witnessed the severe will be the stock outs. Financial 

constraints are in some instances aggravated by lack of access to bank loans, implying access to bank 

loans is tantamount to reduction in financial constraint on an organisation. A close link can therefore be 

hypothesised between very difficulties in access bank loans and more often financial constraints. Cross 

tabulations have been employed to check on this. Over 80% of those rating their access to bank loans as 

very difficult have at least often been financially constrained, while 100% of those who rate their access 

to bank loans as easy and very easy have only experienced financial constrains ‘sometimes’. This 

therefore implies that lack of access to bank loans results mostly in firms facing financial constraints.  

From the first hypothesis it is imperative to investigate the association between financial constraints and 

stock outs (intermittent supply of medicines). For those finding it very difficult to access bank loans 

over 93% had experienced over 15 stock outs, in contrast about 88% and over 83% of those finding it 

easy and very easy to access bank loans respectively, have only experienced between 6-10 counts of 

stock out per year.  

A conclusion can be made that, the intermittent supply of medicines for CNCDs is due to financial 

constraints which are being faced by the PPW. This association is significant at 1% using chi-square, 

Kendall’s tau-b and Spearman correlation statistics. Looking at the association between number of out 

of stocks recorded and access to bank loans: those who indicated that it is very difficult to access bank 

loans (93.3%) recorded the highest number of stock out remembered of over 15 (100% of the over 15 

stock out cases recorded in the sample). 

 Based on the second hypothesis, the survey revealed that 31.3% indicated that the price for registering 

medicines is US$ 20000 and another 31.3% saying its US$15000, with the remainder saying US$10000 

(9), US$ 25000 (6) and last 3 indicating US$18000 as shown on figure 4. The variations are due the 

country of origin due to air fees and the hotel charges in which the MCAZ inspectors are booked into 

during the inspection as well as the changes the manufacturer is expected to implement after premise 

inspection. 

 

 Figure 4: Cost of registering medicines in Zimbabwe 

4.1. Import Control 

When asked whether they have once failed to clear medicines, 83.3 percent of the respondents replied 

in affirmative. While, 100% of those who responded to the question “to what extent do you attribute the 
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shortages to ZIMRA inefficiencies”, all agree to the statement. At least 68% had had a problem with 

their clearing agent. No further investigations were done to the nature of the problem, however 

intuitively it can be commented that, having problems with clearing agent will result in delays in clearing 

and thus possible shortages/ stock outs. The association between intermittent supply (measure by how 

many out of stock per year) and failed clearance was investigated. Those with a higher number of out 

of stocks per year have mostly experienced a failed clearance of their medicines. Or put differently, 

those who had had a failed clearance all have experienced stock outs. For example over 73% of those 

who have experienced over 15 stock outs per year had also experienced a clearing problem. The efficient 

role of clearing agents and the simplification of the clearing process is crucial for alleviating medicine 

shortages in Zimbabwe. The association is statistically significant at 1% (0.008<1). 

Given the negative effect of problem with clearing agent on the supply of medicines in Zimbabwe, a 

follow up question was made to find what could be the problem in order to aid recommendations from 

the findings and many recommended giving priority to medicines rather than the first come first saved 

which ZIMRA is using, clearing medicines the same way they clear second hand clothes. The 

participants gave possible solutions to the problem of intermittent supply of medicines as shown on 

Table 3 

Table 3: Possible Solutions 

  

Frequency Percent 

Cumulative 

Percent 

Valid relax regulations 4 8.7 8.7 

reduce time for drug 

registrations 
14 30.4 39.1 

More funding 13 28.3 67.4 

Improve efficiency 

(MCAZ/ZIMRA/Clearing 

Agency) 

9 19.6 87.0 

Reduce Costs 2 4.3 91.3 

Establish local production 

base 
4 8.7 100.0 

Total 48 100.0  

Regression analysis  

To conclude this section a model (equation 1) was tested for the determinants of intermittent supply of 

CNCDs medicines. The results are as follows (only significant coefficients are reported): 

𝑶/𝑺 = 𝟎. 𝟗𝟎𝟏 + 𝟎. 𝟔𝟓𝟓𝑭𝑪 + 𝟎. 𝟕𝟓𝑪 + 𝟎. 𝟏𝟎𝟗𝑴𝑺 + 𝟎. 𝟐𝟓𝟖𝑹𝒆𝒈𝒑 − 𝟎. 𝟏𝟗𝟒𝑬𝒇𝒇 … . . 𝟐 

Where,  

O/S = CNCD medicines intermittent supply (out of stock) 

FC= Financial Constrain 

C= costs 

Regp= registration period 

Ms = supply from the manufacturer/ supplier 
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Eff = efficiency of regulatory bodies and clearing agencies 

ε = the error term capturing unquantifiable variables (qualitative variables) 

The model in full was significant at 1% from ANOVA. And also the included variables explain over 

60% of the variations in the number of out of stocks recoded (adjusted R Square of 60%).This means 

supply of CNCD depends on access to finance by PPWs (high financial constraint means more out of 

stocks recorded, with a unit increase in financial constraint measure leading to almost unit (0.655 units) 

increase in chances of recording out of stocks), and can be hampered by increase in charges/ costs levied, 

delays in registration and can be improved by better software and improved efficiency. Also the 

availability of supply from manufacturer is key to ensuring consistent supply. Financial constraint and 

delays in MCAZ proved to be highly significant and with the correct sign. An increase in the severity of 

financial constrains increases the number of out of stocks recorded; the same applies to MCAZ delays. 

4.2. Causes of Intermittent Supply From Literature Review 

Access to chronic medicines is usually limited by government failure; income failure and income gap 

(7).Low public sector availability can result from factors such as inadequate funding, lack of motivations 

for keeping stocks, failure to estimate needs accurately, inefficient purchasing and distribution systems 

or leakage of medicines to private resale (8). The medicines supply chain is highly complex and its 

efficiency relies on the performance of each individual supply chain actor including raw material 

dealers, producers, wholesalers, retail pharmacies and intermediaries. If there is a disruption at any stage 

in the supply chain, shortages can result. 

 Procurement and Capacity Planning is a major hindrance to medicines availability. The chronic nature 

of CNCDs should theoretically make forecasting the demand for associated medicines easier than 

forecasting the demand for medicines such as antibiotics that treat acute conditions. There is a substantial 

evidence for a mismatch between supply and demand in many developing countries (8). Two key reasons 

for the difficulty of forecasting demand: a lack of accurate data on disease prevalence and medicine 

needs, and poor coordination and communication between local health workers and the often-centralized 

planning bureaucracies (7). 

Domestic production base availability can improve medicines availability but many low- and middle-

income countries, in particular those located in sub-Saharan Africa, have no or only a rudimentary local 

pharmaceutical industry and are dependent on imports (9). According to (10), it does not matter where 

the medicine comes from in the public view, as long as it is safe, reasonably priced and of top quality. 

Local production is not panacea. (10). 

 Market regulation is necessary for medicines so pharmaceutical products have to be registered with the 

local drug authority to ensure quality, safety, and efficacy, however, onerous processes and the lack of 

robust, sustainable regulatory frameworks that allow for predictable and efficient outcomes can impede 

market access, especially in markets with insufficient regulatory capacity. Supply Chain Integrity breech 

can cause erratic supply of medicines (11). 

Product registration procedures in developing countries are typically country specific and require 

knowledge of local regulations. Requirements for product registration can vary, with clear guidelines 

missing and insufficient regulatory capacity to guarantee quality, safety, and efficacy, as is the case with 

90 per cent of African regulatory authorities responsible for medicine registration (12). (13) assert that 

generic product registration does vary from country to country, while in an assessment of registration 
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procedures in 12 low- and middle-income countries, (14) found significant variation in the average 

length of the registration process. Lengthy (months to 5 years according to (15) and variability of the 

registration process was mentioned as a major obstacle to marketing a medicine in Africa (16). 

Medicines shortages from the manufacturer can cause erratic supply of chronic medicines. Supply chain 

issues include the inability to source raw materials and other breakdowns in relationships with 

manufacturers, wholesalers, prime vendors, buying groups, and end-user health care organizations. The 

trend toward just-in-time procurement and inventory management also impacts the steady supply of 

needed medicine products (17).Some medicine shortages are caused by mere business decisions (17). A 

manufacturer may decide to stop manufacturing a medicine that has lost its patent and faces generic 

competitors in order to concentrate on producing newer medicines with patent protection. 

5.0 CONCLUSION AND POLICY IMPLICATIONS 

5.1 The causes of the intermittent supply of medicines for chronic non communicable diseases 

(CNCDs). 

The investigation revealed that intermittent supply of medicines was caused mainly by financial 

constraints faced by the PPWs, costs involved in the importation of CNCDs, regulations pertaining to 

importation of medicines and also the inefficiencies of regulatory bodies, shortages  from manufacturer, 

inefficiency of the importing managers, and the lack of a robust software and IT systems. From all 

surveyed samples, PPWPSS, PPWPS, NATPHARM, clearing agencies and regulatory bodies, financial 

constraints on the part of the PPWs is the key challenge in availing CNCDs medicines in Zimbabwe.  

It was also clear from the empirical analysis that lack of access of bank loans, maybe due to the illiquidity 

within the Zimbabwe financial sector (though majority indicated this has been improving since 

dollarisation) increases the chances of a PPW being financially constrained.  

The MCAZ as a regulatory body attribute the problems of intermittent supply to delays in medicines 

registrations which come as a result of incomplete or poor dossiers. Also, the MCAZ report that their 

focus is on efficacy and safety only without extending to concerns of availability. The empirical analysis 

failed to reject hypothesis H1, at 1% significant level, and therefore concluded that the intermittent 

supply of medicines for CNCDs is due to financial constraints which are being faced by the private 

pharmaceutical wholesalers that are involved in the importation of chronic medicines. Furthermore, the 

impact of regulatory procedures and capacity on supply of medicines was checked testing this 

hypothesis 2. 

5.2 The impact of regulatory procedures and capacity on the availability of medicines for CNCDs. 

From the survey, it emerged that high costs, slow processes (indicating limited capacity) by regulatory 

bodies and clearing agents as well as numerous procedures are the major causes of intermittent supply 

of CNCD medicines. This also leads to failure to reject H2 hypothesis and conclude that, the intermittent 

supply of medicines for CNCDs is due to high registration costs and the inefficiency of statutory bodies 

that are involved in the regulation of importation of chronic medicines. 

From the different samples, possible solutions were sought and those include: improvement of efficiency 

of all responsible authorities, prioritisation of medicine clearing; improve funding by government; 

proper and up to date statistics on demand for CNCDs, improvement in software/IT, flexing of 
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regulations, reduction of registration costs and processes and effective communication among all parties; 

and improvement of PPWs procurement departments.  

RECOMMENDATIONS  

From the analysis and drawn conclusions the following recommendations were made with regards to 

key issues causing intermittent supply of CNCDs medicines in Zimbabwe. 

a. Financing- measures should put in place to fund importation of medicines, especially CNCDs 

given the economic and social burden of CNCDs patients. A national CNCDs financing vehicle 

should be created with the understanding of the severity of this problem in the current set-up.  

b. Procedures and processes: It also came to light that there is limited understanding of each other 

part’s process in the supply chain, therefore it is necessary to have workshops conducted to ed-

ucate key personnel of the processes and requirements for each part in the supply chain to avoid 

unnecessary delays in clearing of medicines.  

c. Consultations: different units in the network acknowledge their short comings and have sugges-

tions for their own shortcomings improvement and also of others involved in the process. A 

platform for consultations should be created to allow sharing of ideas and how the process could 

be coordinated.  

d. Policy Reforms: Ministry of Health should find a way of compelling PPW to at least communi-

cate to the nation when they are going  to fail to avail a certain medicine for whatever reason to 

avoid crisis especially where monopoly of distribution exist. Although no government can order 

wholesalers to have certain medicines, they can request the maintenance of a minimum national 

stock of certain medicines by wholesalers to ensure adequate supply, and place public service 

obligations on wholesalers where these are not currently in place. All this can be addressed 

through having a national chronic drug policy and public wholesaling through funding of Nat-

pharm. MCAZ to consider drug registration harmonisation from WHO, FDA or European Union 

certified drugs or companies or to review the section 75 of Medicines and Allied substance con-

trol Act which gives provisions for pharmacists to import unregistered drugs.  

e. Manufacturing base: efforts and plans should be in place to research on possibility of expanding 

local manufacturing base. The expanding of local manufacturing base can be implemented 

through local manufacturing companies partnering with large foreign pharmaceutical manufac-

turers. 

f. Resource-Based Approach: This approach focuses on core competencies, which are defined as a 

collective learning in the organization, especially how to coordinate diverse production skills 

and integrate multiple streams of technologies. 

5.3 Limitations of the Study 

The research was predominantly quantitative against world research ad vocation for using mixed method 

since qualitative methods were used minimally and the exclusion of chronic clients who are the end 

users of the imported medicines. 

5.4 Suggestions for Further Research 

Further studies can be done to assess the use of the available chronic medication by patients in the 

management of the chronic conditions and to establish whether the efforts by pharmaceutical companies 

is complemented by proper drug utilisation. 
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ABSTRACT  

The Zimbabwe stigma index is a research initiative driven and implemented by People Living with HIV 

(PLHIV) to measure stigma and discrimination related to HIV. The purpose of the stigma index for 

Zimbabwe is to reduce HIV-related stigma and discrimination, to increase the evidence base for policies 

and programmes designed and to ensure that Meaningful Involvement of People Living with AIDS 

(MIPA) is enshrined in local, regional and national responses to HIV in the country. The study was 

conducted by People Living with HIV who interviewed other People Living with HIV from PLHIV 

support groups, church support groups, Key populations such as Men who have sex with Men (MSM), 

Sex Workers (SWs), People Living with Disabilities (PLWDs) and Prison inmates. Primary and 

secondary sources were used in data collection. Primary sources used include survey questionnaire, 

focus group discussions and in depth interviews. Desk review was used as a secondary source for 

collecting data. Stigma remains a major barrier in Zimbabwe as findings from the data collected indicate 

that most PLHIV have experienced different forms of stigma in one way or another. 

Keywords: stigma index, discrimination, HIV, AIDS, prison inmates 

1. INTRODUCTION 

The existence of stigma within societies has been the subject of empirical investigation for decades, 

especially in the disciplines of psychology and sociology. The impact of being stigmatized on an 

individual’s psycho-social wellbeing and self-perception and behavior has been well documented in the 

literature.  

Stigma occurs when an individual with a particular attribute (e.g. disability, illness, behavioral tendency) 

is deeply shunned, resented and even rejected by peers and/or members of the society simply because 

of having that particular attribute. As far back as the 1960s, social scientists recognized that stigma 

negatively affects an individual’s identity. Social stigma plays a significant role in the state of HIV and 

AIDS infection in Africa. In HIV/AIDS-stigmatizing sub Saharan African communities, the suspicion 

of one’s status by others is also applicable to individuals who are not HIV positive, but who may wish 

to utilize healthcare services for preventative purposes. This group of individuals, under fear of 

suspicion, may avoid being mistakenly identified as stigmatized by simply avoiding HIV and AIDS 

reproductive health service utilization  

At the individual level, PLHIV in sub-Saharan Africa likely to conceal their stigmatized identities as 

much as possible in order to gain the rewards associated with having a ‘normal’ identity. The rewards 

of being considered “normal” in the context of high-HIV-prevalence sub-Saharan Africa are varied and 

great. Such rewards, for which there is empirical support, include perceived sexual freedom, avoidance 

of discrimination, avoidance of community or family rejection, avoidance of losing one's job or 

residence, and avoidance of losing one’s sexual partners. Other potential rewards of being considered 
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normal include avoidance of being associated with promiscuity or prostitution, avoidance of emotional, 

social and physical isolation and avoidance of being blamed for others’ illness.  

The result of stigma associated with HIV and AIDS is discrimination which manifests in violation of 

human rights of those thought to be, or who are affected or infected by HIV and AIDS. The violation of 

rights increases the negative impact of the epidemic and serves to perpetuate its spread. HIV and AIDS 

related stigma is manifested in a wide range of community contexts including the family and immediate 

community, workplace, health services, religion and the media. 

Qualitative data was collected through FGDs and in-depth interviews with key informants at national, 

provincial and district levels. In addition, case studies, identified during the data collection process, were 

documented.  Case Studies complimented the quantitative data and served to “bring to life” real-life 

experiences of individuals who had both positive and negative experiences to share. 

A total of 1905 respondents participated in the study; 725 (38%) were male and 1180 (62%) were 

females.  Forty-five percent (n=864) of the respondents were adults aged between 40 – 49 years, 33% 

(32.9%, n= 626) were adults aged between 30 – 39 years and about 6% (5.8%, n=111) were participants 

aged 50 years and above.   Respondents aged 20 – 24 years and 25 – 29 years constituted 4% and 9% of 

the sample respectively.  Only 3% were youth aged between 15 – 19 years. Close to 89% of respondents 

revealed that they did not belong to any of the “key population” categories included in this study.  Of 

the study participants, there were however, more females than males who were members of support 

groups.  Of the 12% of participants who belonged to the key populations, 6% (5.5%, n=104) were people 

living with disabilities, and 2% (2.2%, n=42) were commercial sex workers.  Men having sex with men 

constituted nearly 2% (1.9%, n=36) of the participants, and another 2% (1.6%, n=30) of the par Overall, 

65.5% of the study respondents reported that they had experienced one or more forms of HIV-related 

stigma and discrimination. Over half (51.4%) of the respondents reported that they had been gossiped 

about .Close to a third (31.2%) reported that they had been verbally insulted, harassed and/or threatened. 

Other forms of HIV related stigma that were reported include: exclusion from social gatherings (21%), 

physically harassed and/or threatened (19%), discrimination by partners (15%), psychological pressure 

or manipulation (12.4%), exclusion from family activities (11.7%), exclusion from religious activities 

or places of worship (10.6%), being physically assaulted (8.6%), sexual rejection (7.5%) and 

discriminated against by other people living with HIV (7.5%). 

Literature Review  

Whilst there has been much research conducted on HIV and AIDS in the Zimbabwean context, work 

that focuses on HIV related Stigma and Discrimination is limited.  The existing body of research focuses 

on aspects of HIV-related stigma and discrimination in specific communities only.  The stigma index 

research bridges this gap by providing a national perspective on the prevalence of HIV related stigma 

and discrimination as experienced by PLHIV,The stigma index is the first study of its kind to be 

conducted in Zimbabwe and seeks to measure the levels of stigma and discrimination experienced by 

PLHIV.  
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Objectives of the study 

The objectives of the Stigma Index for Zimbabwe were as follows: 

(i) To understand the nature of  and rates of HIV-related stigma and discrimination at a national 

scale, 

(ii) To increase the evidence base for HIV related policies and programmes, 

(iii) To ensure that Meaningful Involvement of People Living with AIDS (MIPA) is enshrined 

in local, regional and national responses to HIV in the country. 

2. METHODOLOGY 

The Zimbabwe stigma index received ethical approval from the Medical Research Council of Zimbabwe 

to conduct the study. Qualitative and quantitative methods were used to collect data. Qualitative methods 

used included (i) In-depth Interviews with key stakeholders working in the field of HIV/AIDS, 30 In-

depth Interviews were done nationally. (ii) Focus group discussions with PLHIV community members 

to learn about community perceptions concerning People Living with HIV. Two focus group discussions 

were conducted in the selected districts (one with male respondents and another with female 

respondents). A total of 33 focus group discussions were conducted and 

 (iii) Case studies to document unique individual experiences (i.e. positive experiences, unique 

challenges and successes) Eight case studies were captured in 3 provinces which are Masvingo (1), 

Mashonaland East (4) and Mashonaland West (3). 

Under quantitative methods a questionnaire survey was used consisting mostly of closed questions to 

capture: 

 Experiences of stigma and discrimination  

 Access to work and services  

 Internal stigma; rights, laws and policies  

 Effecting change 

 Disclosure and confidentiality  

 Treatment  

 Having children, and 

 Over-coming stigma 
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Study Areas/ Districts  

 

3. RESULTS/ FINDINGS 

1. Key Finding 1 

Gossip was the most common form of discrimination amongst PLHIV (48%, of females and 53.4%, of 

males were aware of being gossiped about total n = 1836, 45% of males and 51% of females attributed 

it to their HIV status). PLHIV were threatened/were harassed or verbally assaulted often times (28.8, of 

Male respondents, 33.3, of female respondents) n = 1844 and they attributed it to their HIV status. 
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Table 2: Experience of Stigma and Discrimination, From Other People Disaggregated by Age 

  

15-19 

years 

20-24 

years 

25-29 

years 

30-39 

years 

40-49 

years 

50+ Total (N) 

Excluded from social 

gatherings 
14.1% 18.7% 16.0% 20.7% 22.0% 

27.3

% 
1869 

Excluded from religious 

activities or places of 

worship 

12.7% 12.2% 9.0% 11.3% 9.8% 
12.3

% 
1818 

Excluded from family 

activities 
6.5% 10.8% 9.9% 12.6% 12.2% 9.3% 1818 

Being gossiped about 51.6% 45.9% 54.2% 54.8% 48.6% 
52.8

% 
1836 

Verbally insulted, harassed 

and/or threatened 
31.1% 24.0% 32.7% 33.4% 29.4% 

36.1

% 
1844 

Physically harassed and/or 

threatened 
12.7% 18.2% 19.1% 21.7% 17.1% 

22.2

% 
1852 

Physically assaulted 4.9% 17.1% 15.0% 10.8% 5.9% 3.7% 1841 

Psychological pressure or 

manipulation  
4.2% 12.9% 12.1% 13.9% 12.5% 6.5% 1780 

Experienced sexual rejection .0% 8.7% 8.8% 7.2% 7.2% 
12.4

% 
1767 

Discriminated against by 

other people living with HIV 
6.7% 2.7% 6.8% 8.8% 7.4% 6.3% 1833 

Partner experienced 

discrimination 
14.3% 13.5% 16.5% 15.5% 14.9% 11.8% 1761 

Exclusion from family activities due to HIV status occurs at the same rate for both males and females 

(7%).  Exclusion from social events due to HIV status was experienced by more females (12%) 

compared to males (8%). While 5% of PLHIV decided that they would no longer attend social gatherings 

due to stigma, and a further 5% said they decided to isolate themselves from family and friends. 

2. Key Finding 2 

Stigma was a key factor in the loss of employment/income for only 6% of 8males and 9% of female 

respondents.  About 2% of males and 2% of female respondents attributed their being denied a 

promotion at work to their HIV Status. Only 2% of PLHIV said they did not apply for a new job due to 

Stigma.  A further 2% made a decision to stop working due to Stigma.  

The data suggests that prevalence of HIV related stigma is limited in the workplace, however, it should 

be noted that only 27% of respondents disclosed their status to their co-workers and an even lower 

percentage (17%) disclosed to their employers.  Such low rates of disclosure maybe the reason of the 

low prevalence of stigma in the workplace  
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3.  Key Finding 3 

The majority of PLHIV (81% of males and 79% of females) reported that they had NEVER been 

dismissed/ suspended or prevented from attending an education institution.  Only 2% of PLHIV 

attributed their withdrawal from education facilities to stigma and discrimination.  However the children 

of 78.2% of the males and 82.1% of female respondent had been dismissed/ suspended or prevented 

from attending an education institution due to the stigma and discrimination associated with parents who 

are HIV positive.  It is not entirely understood why the children of PLHIV experience such high levels 

of stigma and discrimination. 

Table 3: Access to Education Services across Gender 

  
Male Female Total 

Chi-square tests of 

statistical significance 

     Value Sig 

Dismissed, suspended, or prevented 

from attending an educational 

institution 

4.2% 4.0% 1776 0.736 0.692 

Child dismissed, suspended, or 

prevented from attending an 

educational institution 

78.2% 82.1% 1569 5.985 0.050 

4.4 Key Finding 4 

A few PLHIV (2% of males and similar to the females) reported being denied health services due to 

their HIV status.  None of the males and only 0.1% of females were denied family planning services 

due to HIV related stigma.  The quantitative data suggests that levels of discrimination are low in the 

health services sector. 

4.5 Key Finding 5 

A very low percentage of PLHIV (3% of males and 4% of females) said they had been excluded from 

religious activities, with 58% of the males and 56% of the females attributing such exclusion to HIV 

related stigma.   

The quantitative data suggests that stigma rates in this setting are low.  However, it is important to note 

that the respondents in this study did not disclose their status to religious leaders, with only 26% actually 

disclosed their status.  Hence the low prevalence of discrimination and stigma may be due to low rates 

of disclosure in such settings.  

4.6 KEY FINDING 6 

A rather high percentage (5%) of PLHIV had suicidal ideation and a further 19% experienced feelings 

of guilt and low self esteem. Thirty seven percent of PLHIV cited stigma as the main reason for their 

decision to not have any more children, and a high 15% said stigma was the reason to decide not to get 

married. Fourteen percent of PLHIV attributed their decision to abstain from sexual relations to stigma. 

The quantitative data suggests that self stigma is high amongst PLHIV. 
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4.7 KEY FINDING 7 

Only 30% of PLHIV had heard of the Declaration on Commitment on HIV/AIDS. However most of the 

respondents (94%) had not experienced any violation of their rights as far as the aforementioned 

legislation is concerned 

4.8 KEY FINDING 8 

A high 71% of PLHIV said they knew of organisations that they could go to if they experienced stigma 

and discrimination.  The most commonly cited organisations they know of are; HIV support groups 

(62%) and Network of PLHIV (13%).  The majority of respondents reported supporting PLHIV (88%).  

The type of support given was mainly emotional support (77%) and then referral to other services (14%).  

4.9 KEY FINDING 9  

About 63% of respondents said they disclosed their status to adult family members and 74% disclosed 

their status to their children. Furthermore, 61% of respondents disclosed their status to friends and 

neighbours and a further 77% disclosed to their status to other PLHIV.  Lower percentages of the 

respondents disclosed their status to co-workers (27%), employers (17%), religious leaders (26%), and 

community leaders (25%).The data suggests that PLHIV were willing to disclose their status to family, 

friends and neighbours rather than individuals who were not close to them. 

Experiences at Disclosure of HIV positive Status 

  
I told 

them 

Someone 

else told 

them with 

my consent 

Someone else 

told them 

without my 

consent 

They don’t 

know my 

HIV status 

Not 

Applicabl

e 

Total 

(N) 

Husband/ Wife/ Partner 77.9% 2.0% 0.4% 3.4% 16.4% 1651 

Other adult family 

members 

70.2% 13.4% 1.9% 7.8% 6.7% 
1698 

Children in your family 81.6% 3.5% 1.4% 7.7% 5.8% 1719 

Your friends/ neighbors 68.3% 8.2% 4.3% 11.9% 7.4% 1712 

Other people living with 

HIV 

85.4% 6.7% 2.0% 2.6% 3.4% 
1714 

Co-workers 35.0% 2.2% 1.8% 21.1% 39.9% 1482 

Employer/ boss 22.3% 0.7% 1.4% 19.9% 55.7% 1435 

Client 13.5% 1.2% 1.1% 30.9% 53.3% 1196 

Injecting drug partners 6.8% 1.1% 1.2% 21.8% 69.2% 1106 

Religious leaders 30.8% 2.9% 1.4% 32.9% 32.0% 1588 

Community leaders 31.4% 4.8% 1.9% 33.8% 28.1% 1497 

Health care workers 53.1% 4.6% 1.9% 21.8% 18.5% 1506 

Social workers/ 

counselors 

59.6% 2.3% 1.5% 16.2% 20.4% 
1493 

Teachers 20.2% 1.9% 1.5% 31.6% 44.9% 1459 

Government officials 10.6% 0.8% 1.5% 33.1% 54.0% 1452 

Media 5.4% 1.0% 1.7% 32.1% 59.9% 1454 
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4.10 KEY FINDING 10 

It is worrying that the vast majority of respondents rated their health status as “good” (27%) or “fair” 

(30%) regardless of the fact that the majority of respondents (92%) are on ART treatment. 

4.11 KEY FINDING 11 

Whilst 88% of respondents have children, slightly less than half (48%) of PLHIV were advised not to 

have any more children therefore need for us to emphasise on Positive Health Dignity and Prevention. 

5. DISCUSSION  

Close to two thirds of the respondents reported that they had experienced at least one of the forms of 

stigma and discrimination as a result of their HIV status. The respondents mostly faced gossip at 

workplaces, home and in their communities. With regards to the key populations, all the prison inmates 

who participated in the study reported that they had experienced at least one form of stigma and 

discrimination as a result of their HIV status. The sex workers, MSM and People with Disabilities also 

reported higher levels of stigma and this was purported to be because they face double stigma (both 

because of their HIV status and their status in society which is not easily acceptable). A significantly 

higher number of women compared to men reported that they had been forced to change residency or 

denied accommodation. Also, a fifth of the respondents reported that they had either lost their job or 

their income as a result of their HIV status. With regards to education, only a few (4%) of the respondents 

reported that they had been either dismissed, suspended or prevented from attending an educational 

institution as a result of their HIV status. Notably, however, there remains a challenge with most of the 

children of PLHIV reportedly being dismissed, suspended, or prevented from attending educational 

institutions. 

On self stigma it must be noted that while the percentage is low, it is a challenge that has led other people 

to even commit suicide. It was reported that due to self stigma, people find it hard to disclose their status 

to their families, church mates, peers and even to their partners. This study only focused on the 

awareness of two documents (the Declaration of the Commitment on HIV/AIDS and National AIDS 

Policy). The data suggests that these documents are generally not known amongst most PLHIV. It is 

important to assess awareness levels of PLHIV in terms of services that are available to them, and most 

importantly to assess whether they have the strength and know-how to impact the lives of their peers 

who may be still struggling to find their feet. Therefore the data collected suggests that the commonly 

known support organizations are people living with HIV support groups and networks of people living 

with HIV. Other types of organizations like local NGOs, faith based, legal practice, and human rights 

organizations were also cited though to a lesser extent. There are a number of reasons why people get 

tested, and in Zimbabwe, there are programs such as Voluntary Counseling and Testing (VCT) 

Awareness, Prevention of Mother to Child Transmission (PMTCT) among others which encourage all 

people to get tested and know their HIV status, to allow them to make informed decisions and choices. 

As such, the study data suggests that the highest number of respondents (31.3%) reported that they got 

tested because they, “just wanted to know their status”.  Other reasons cited for getting tested include, 

illness or death of partner or family member, suspected HIV related symptoms, pregnancy, and to a 

lesser extent other reasons included preparing for marriage or sexual partners or because of employment.  

On disclosure and confidentiality PLHIV largely disclosed their HIV status willfully to their family 

members (children, spouses/partners, and other family members), other PLHIV, health care workers, 

http://www.rcz.ac.zw/


10th Zimbabwe International Research Symposium Book of Papers Presented (ISSN: 2412-2386) 

 

Published by Research Council of Zimbabwe   

Website: www.rcz.ac.zw  792 

counselors and community members (friends and neighbors). To a lesser extent though they also 

disclosed their HIV status willfully to community leaders, workmates (employers, clients and co-

workers), religious leaders, and teachers 

Zimbabwe has an ART program which is funded through the National AIDS Council whose aim is to 

reach universal access to ART to all PLHIV, and this is evidenced through the study data which suggests 

that most of the respondents were under ART treatment and when asked on their health status they 

reported that their health was either fair, good or excellent. As such HIV has taken a shift from the time 

when most PLHIV would be bed ridden, with most PLHIV now fit and strong and able to work for 

themselves. On having children it is notable that that the respondents did access counseling about their 

reproductive options since they got diagnosed. Some (close to half) respondents were advised not to 

have children since they got diagnosed. 

4. CONCLUSION 

Overall, the study suggests that while HIV programming in Zimbabwe has focused on HIV Prevention, 

Treatment Care and Support, there is still a gap with regards to HIV related stigma and discrimination. 

PLHIV still experience different forms of stigma and discrimination which include gossip, exclusion 

from social, religious and family activities, verbal and physical abuse among other things. HIV related 

stigma is reported to be still evident in the workplace, educational institutions, and also in the health 

institutions. However, there is evidence to show that some PLHIV suffer from self-stigma, which has 

affected the decisions and choices that they make. While HIV stigma and discrimination still needs to 

be addressed, it is commendable that Zimbabwe has made strides in terms of provision of services such 

as VCT, ART, PMTCT as evidenced by the number of people who reported to be on treatment, and also 

to have received pre and post-test counseling. In addressing HIV related stigma and discrimination, 

those responsible for HIV programming should consider addressing self-stigma, community 

mobilization against stigma, lobbying for equitable health service provision, and lastly transforming the 

national response and working together to ensure that HIV related services  are accessible, available and 

of an optimum required quality. 

RECOMMENDATIONS  

1. Increase initiatives to reduce HIV related Stigma within the family and community setting Initia-

tives to reduce HIV related Stigma within the Work place need to be increased. The data suggests 

that the low prevalence rates are linked to low disclosure rates 

2. Prevalence of stigma amongst children of PLHIV is relatively high in the school setting. It is rec-

ommended that further research into this dynamic is commissioned to allow for an understanding 

of the phenomenon. This will then inform program formulation to combat this type of stigma. Ed-

ucational institutions need to vigorously destigmatise HIV & AIDS 

3. Health service providers are to be commended for ensuring that stigma and discrimination preva-

lence is low in the health services sector.  However, they should continue in efforts to keep these 

levels low. 

4. There is need to encourage a sustained effort at reduction of stigma and discrimination within the 

religious sphere as religious affiliation is usually a source of comfort and acceptance.  

5. There is need to create a Framework of Dialogue. The Framework for Dialogue  are practical steps 

to help faith communities and PLHIV to effectively address key issues  to address prevention, treat-

ment, care and support for most affected at national level 
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6. There is need to increase the capacity of support groups and networks of people living with HIV so 

as to deal with the particular challenge.   

7. There is need to support and encourage the increased awareness of the rights of PLHIV.  This effort 

should be aimed at both PLHIV and the community by and large. 

8. Given that the vast majority of respondents (87%) were members of an HIV support group or net-

work, it is imperative that these groups are commended for their efforts as it is evident that they are 

fulfilling their mandate.  However there is still need to continue supporting these groups in their 

work as the aim is to reduce HIV related stigma and discrimination. 

9. Concerted efforts should be made at education of the general community regarding HIV related 

stigma. 

10. There is a need to emphasise Positive Health Dignity and Prevention in line with the Zimbabwe 

National AIDS Strategic Plan (ZNASP) II (2011-15) Guiding Principle 5 
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ABSTRACT 

Institutions like Teachers’ Colleges contribute significantly towards empowering student teachers 

through health provision. This ensures the effective implementation of the national plan of empowering 

the nation and a growing economy embodied in the ZIM-ASSET programme. This paper demonstrates 

the role of Marymount Teachers’ College in promoting and maintaining good health through educating 

and empowering students for national development and developing skills needed to eliminate poor 

health as well as associated physical and social challenges. The study aimed to establish ways of helping 

students to take charge of their own lives and make informed decisions on situations around them like 

abuse, HIV/Aids and others; develop appropriate skills for good health management and improve 

utilization of food by promoting good health, hygiene and nutrition management. Areas that need 

attention were also discussed. A mixed methods design was used which involved interviews with 

students, staff and other stakeholders. Focus group discussions with students were also carried out on 

health practices at College, challenges and possible solutions. Evidence showed that students had the 

ability to get preventive health education through clubs, tuition and could also prevent unnecessary 

hospitalization. Access to health services could be improved through increasing service time, nutritious 

food, health education and more effective use of traditional herbs and the College nutrition garden. There 

were several benefits from networking with partners like Say What, Fact, VVOB etc through workshops 

and research. Teachers’ Colleges were priority settings and important change agents because they 

educated teachers who would be responsible for developing healthy citizens and thus have the capacity 

to contribute meaningfully to the creation of a healthy nation and realization of the ZIM-ASSET goal of 

empowering society through good health. 

Keywords: Health management system, empowerment, occupational safety, nutritional management, 

service time, priority setting 

1. INTRODUCTION 

Institutions like Teachers’ Colleges contribute significantly towards empowering student teachers 

through health provision. This ensures the effective implementation of the national plan of empowering 

the nation and a growing economy embodied in the ZIM-ASSET programme. This paper demonstrates 

the role of Marymount Teachers’ College in promoting and maintaining good health through educating 

and empowering students for national development and developing skills needed to eliminate poor 

health as well as associated physical and social challenges.  

This research was carried out against a background where student teachers experience a series of health 

problems at college and in schools during teaching practice. Such problems include Aids/HIV, nutrition 

management, disease, general hygiene and other health related issues. The study therefore explores some 

of these challenges and shows how the College has a systematic health management system aimed at 

giving students skills through curriculum innovation (Health and Life Skills and other subject areas), 
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workshops, presentations by resource persons, clubs, clinic services, standards control, stake-holder 

participation and a policy framework around health provision in the College. 

2. OBJECTIVES 

 To establish ways through which students and staff were being assisted to take charge of their 

own lives and make informed decisions on situations around them involving their health 

 Providing a forum for sharing ideas and developing skills in promoting good health 

 Explore gaps that need attention in improving health practices among students and staff 

3. REVIEW OF RELATED LITERATURE 

Health is one of the most widely researched areas with abundant literature covering many health issues. 

The literature review for this study focuses on, common health challenges, main health challenges for 

students and staff at institutions of higher learning, health at the work place and solutions to health 

challenges. 

3.1 Common health challenges and solutions 

Lack of exercise, poor diet, drug and tobacco use are damaging behaviours which lead to the rise of 

certain chronic diseases which cause death and disability worldwide. (Globtrekker, 2014). Globally, 1, 

4 billion people are overweight, 366 million people are diabetic and 17, 3 million people die from 

cardiovascular disease every year (Globtrekker, 2014). Students and staff at institutions of higher 

learning are part of the global community that suffers from such challenges. 

Hazards at institutions and other workplaces include dust, gases from burning, noise and vibration, very 

high temperatures, diseases and these have serious effects on the lives of workers and students at college. 

Exposure to dust can seriously affect the lungs and cause disease. Office workers have their own safety 

problems. Stress is one of the most common problems as well as exposure to chemical hazards from 

office machines such as photocopiers. 

3.2 Health at the workplace 

The work place has been identified as a priority setting by the World Health Organization (WHO) to 

promote healthier life styles through workplace wellness initiatives. WHO identified the work place as 

a key area for targeting health promotion and disease prevention and institutions of higher learning are 

such places. It therefore makes sense to use such an environment to reinforce healthy attitudes and 

behaviours. 

Studies by Barker IDI (200) have found out that long periods of sitting can negate and deny the existence 

of positive benefits of short bursts of vigorous activity such as paying regular visits to the gym. Being 

busy, lack of time and being poor are some of the common excuses that people often use for making 

unhealthy choices and students and staff at college are no exception. In particular, obesity, hypertension 

and smoking are linked with non-participation in the work place (Globtrekker, 2014). 

The Medibank Private Workplace Surveys found out that employees with poor health take up nine times 

more sick leave than their healthy counterparts. According to the same surveys, healthy employees are 

nearly three times more productive than those with poor health. The provision of a healthy working and 

learning environment is therefore vital for institutions of higher learning. 
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According to the ILO, occupational health and safety is more than accident prevention but encompasses 

all aspects of working and living conditions. While a healthy workplace is a safe workplace, the converse 

may not be true. A safe workplace is not necessarily and healthy workplace. Workplace wellness means 

both safety and health (ILO). So, both health and safety issues should be addressed at any given time 

and place. This explains why training and general education of health issues is critical for staff and 

students at an institution of high learning but this can only be a starting point. Poor lighting, noise and 

poorly designed chairs are challenges that are often taken lightly yet they can have serious effects on the 

health and performance of the worker (ILO). 

3.3 Conventions and meetings on health 

Several conventions have been signed and meetings have been held at international and regional fora to 

discuss several health issues. Some of these are the International Labour Organization (ILO) 

Occupational safety and Health Convention, 1981 (No 155); ILO Convention 187-Promotional 

Framework for Occupational Safety and Health Convention, 2006; and Convention 184 on Safety and 

health in Agriculture to mention a few. The ILO constitution emphasizes the protection of workers. 

3.4 The importance of early training courses 

According to the ILO, an early training course will enable the early recognition of early signs and 

symptoms of any challenge. It also makes people more informed about hazards and possible measures 

to control the hazards 

3.5 Drinking water and sanitation 

According to JMP (2012: 9) the source of drinking water is an indicator of water quality. Appropriate 

sources include piped water, public tapes, stand pipes, tube well/bore hole, water storage tanks. 

3.6 Sexual intercourse and relationships 

Sexual gratification and related relationships are important features of college life like many other 

institutions. According to ZNSA (2012: 52) the median age at first intercourse among women aged 25-

29 is 18, 9 years. 6% of the women age 25-49 have had sexual intercourse by the age 15 and 38% by 

the age of 18 years. By the age of 20, about 6 in 10 Zimbabwean women have had intercourse. Most of 

the students at college fall in these categories which means that they are sexually active. Ignoring 

guidance on sexual activities is therefore perilous to the health of the institution (ZNSA: 53). So in the 

absence of contraception, the probability of becoming pregnant, HIV positive, and contracting other 

sexually transmitted infections is highly dependent on the frequency of sexual intercourse. Forbidding 

it is certainly not a solution but regulating it. 

The Zimbabwe Demographic and Health Survey (2012) also established that knowledge on HIV issues 

helps HIV infected individuals to make informed decisions to reduce the risk and increase in infections. 

This knowledge also helps them to protect partners against infection through safe sex and accessing 

treatment.  

4. METHODOLOGY 

This research was a case study focusing on Marymount Teachers’ College. This was important in getting 

in-depth, specific detail on various health management issues which could not be generalized. It is how-

ever hoped that the findings of the study will have implications elsewhere.  
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A mixed methods design was used which involved interviews with students, staff and other stakeholders 

to get information of attitudes and perceptions. Focus Group Discussions (FGDs) with students were 

also carried out to get an understanding of the impact of health practices at college, challenges and 

possible solutions. Policy documents were also used as sources of information on matters of policy and 

other related issues. Sampling- 6 groups of 10 students each were randomly selected for FGDs. 15 stu-

dents were purposively selected for interviews. 10 staff members were also randomly selected for inter-

views.  

5. RESULTS  

5.1 Preventive health 

Evidence especially from interviews showed that students and staff had access preventive health 

education through clubs, tuition and other activities. Spending resources for the establishment of health 

facilities like the incinerator shows the determination the College has in promoting good health. 

PICTURE 1: Incinerator 

 

The College also has a clinic that offers services to students. This is one of the areas where effective 

health is provided through supply diagnosis and treatment of disease. 
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PICTURE 2: The College Clinic 

 

A doctor visits the clinic once every week to assist ill students. Critical cases are referred to the General 

Hospital or to specialists. The Collage also has set aside a vehicle for student affairs only, which provides 

easy transport when needed. The clinic also provides counselling services, HIV tests and condoms for 

use by students. However, reports from students indicted some concerns like failure to provide 

contraceptives and maternity services. 

5.2 Net working and provision of health education 

 There were several benefits from networking with partners like Say-What, FACT, VVOB 

and others, through workshops and research.  Information interviews and FGDs showed 

increased consciousness among male and female students on critical health issues like 

contraception, Aids and HIV awareness but several challenges were still realized among 

some students emanating from their social and religious backgrounds which did not allow 

visiting the clinic. Challenges also included lack of support, peer pressure and bad 

relationships, HIV and Aids, alcohol abuse, diabetes and mental challenges. 

 Students’ involvement in community projects go a long way in promoting good health in the 

communities they work in both at Early Childhood Development and General levels. At ECD 

Diploma level, through the parent-toddler programme, students assist in providing education 

when they visit clinics and local communities. Education is provided for child abuse, 

personal hygiene, prenatal development and care, pregnancy and nutrition, breast feeding, 

infant feeding, the importance of exercise, clothing, growth mentoring and socialization as 

well as management of diseases, among others. At General Diploma level, community work 

involves issues like environmental management through establishing herbal gardens, 

planting and managing trees among other activities. 

 However, no health care courses were offered for both staff and students. According to the 

ILO, there is need for training courses at workplaces.  

5.3 Physical training 

 The College has a well equipped gym but students and staff randomly use it.  
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PICTURE3: Part of the gym equipment 

 

 Unfortunately, there is no programme for the use of the gym and no trained personnel is 

available especially after school hours to man the gym.  

 While the acquisition of sport equipment shows a positive attitude towards improving health, 

it also indicates that institutions have to go beyond the mere provision of resources and 

institute training programmes which change peoples’ mindsets on how to promote effective 

health. 

5.4 Healthy diet 

 Interviews and focus group discussions indicated that most students were quite happy with 

the diet they had which included porridge, tea and bread for breakfast; alternating rice, sadza 

with beef, chicken, beans, vegetables and fruits for lunch and dinner, a fairly ‘western’ diet. 

The food value could still be improved through the provision of more traditional food stuffs 

like nyimo, peanut butter, and rapoko, mhunga porridge and sadza among other traditional 

foodstuffs to cater for the nutritional needs of many.  

 The College has strengthened the support for good health through the establishment of a 

green-house for a nutrition garden as well as a herbal garden. The herbal garden project 

should include processing and proper use of the herbs 
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PICTURE 4: Part of a the College nutrition garden in a green house 

 

PICTURE 5: Students planting herbs 

 

5.5 Counselling clinic 

 The establishment of a counselling clinic was step in the right direction but its effective use by 

both students and staff is rather worrisome. 
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PICTURE 6: The College Counselling Room 

 

  Interviews reflected that no staff member makes use of the clinic partly because of lack of 

trust of the personnel at the clinic or the need for privacy. Although some students visit the 

clinic the majority find it difficult to visit the clinic. There is therefore need for more 

education on its existence and related benefits. There was also need for trained personnel to 

provide professional services at the clinic. 

5.6 Housing 

 The physical characteristics of structures and the availability and accessibility of basic 

facilities are important in assessing the general welfare and health of the population at the 

institution and indeed any other institution. The College offers accommodation to some 

students and staff under the charge of a matron, a dean of students and wardens. There is an 

80/20% female male ratio in college hostels. Some of the toilet facilities which were 

constructed for girls since the school was originally a girls’ school continue to be a worry. 

The big number of female students compounds this challenge as the available toilets become 

inadequate.  

 The compound system for the non-teaching staff remains worrisome due to overcrowding. 

There is inadequate privacy for residents as well as several other social challenges.  

5.7 Water supply and sanitation 

 The College has invested substantially in water supply and sanitation. The unreliable water 

supply from the City Council has been augmented by bore-holes and water tanks to ensure 

the constant supply of safe water to the college community. 
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PICTURE 7: One of the water tanks at the College 

 

 There are places with tapes designated for hand washing. There is need to provide cleaning 

agents at all such places, which is an absolute necessity for a healthy environment.  

5.8 Waste management 

Several rubbish bins some with wheels have been bought and placed at strategic positions to improve 

mobility when removing waste to designated places. 

PICTURE 8: Rubbish bins 
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PICTURE 9: Rubbish bins 

 

 The ECO-College club’s activities of environmental management help to educate, reduce 

waste in the surroundings and create a healthy environment at the college. 

    PICTURE10: Students cleaning a local street 

 

 The establishment of the paper collection cage ensures a sustainable means of waste 

management which also brings some income into the college through sale of the waste paper. 

These observations sound quite positive yet litter can still strewn in several places. The 

continual inflow of new students certainly requires a permanent education programme on 

waste management. There is therefore need to equate availability of resources to effective 

use of the resources. 
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5.9 Cooking facilities 

 Cooking facilities have been improved by the acquisition of the ‘smarter’ ‘Gwatamatic Pot’, 

an industrial pot used to prepare such foodstuffs as sadza thus lessening the burden of 

cooking on the kitchen staff and reducing the levels of contamination of food.  

    PICTURE 11: The Gwatamatic Pot 

 

5.10 Power supply 

 Erratic power supplies create an unhealthy learning environment for students and unsuitable 

working environment for staff. The College has procured two heavy duty generators to counter 

the power outages by the Zimbabwe Electricity Supply Authority (ZESA) which has gone a long 

way in solving power challenges. However, the frequent cuts in power supply caused by load 

shedding has forced people to use firewood and coal which has exposed the compound residents 

to respiratory infections which can take time to detect. 

6. DISCUSION 

This study has shown that a teachers’ college like any other workplace remains a priority setting for the 

implementation of health programmes in line with the expectations of the International Labour 

Organization and World Health Organization. The educational institutions have however, not been 

effectively used for the promotion of good health practices among students and staff.  

There was quite fairly wide variety of food stuffs eaten by students. Evidence from focus group 

discussions showed that even with such a variety, students still needed supplementary food like drink 

and other food stuffs which some found very difficult to find. The diet they eat is not determined by any 

professional considerations. There was therefore need for deliberate efforts to employ professionally 

trained staff and also improve the food value through traditional food stuffs. ‘Western’ food does not 

necessarily mean a healthy diet. In-fact good health is found in the indigenous and traditional meal.  

Accessibility to preventive health education implies that students and staff could also prevent 

unnecessary hospitalization. However, the effectiveness of these activities as preventive measures was 

questionable due to the prevalence of health cases like STIs, unwanted pregnancies, diarrhoea, among 

others at the local clinic that could easily be prevented.  

http://www.rcz.ac.zw/


10th Zimbabwe International Research Symposium Book of Papers Presented (ISSN: 2412-2386) 

 

Published by Research Council of Zimbabwe   

Website: www.rcz.ac.zw  805 

For a teachers’ college it depended on the availability of funds, skilled personnel and a supportive 

administrative system. However, the college and indeed other similar institutions remained priority 

settings for the implementation of effective health programmes. Teachers’ colleges have stable  inflows 

of funds especially from the fees paid by students and can fund training programmes on health. The 

availability of funds however, did not necessarily ensure good health if the funds were not appropriately 

channelled for health provision. In other words a safe workplace did not necessarily mean a healthy 

workplace (ILO). 

Studies by ZNSA (2012) showed categories of sexual activity among women one of which was the 25-

49 age-group where most college students fall in. Students are therefore naturally expected to very 

sexually active. However the prevalence of reports of health problems which could easily be prevented 

like STIs among others at the local clinic shows that the health education being provided was not 

effective. This leaves room for more concerted efforts to educate students on effective health. 

Knowledge on HIV for example (Zimbabwe Demographic Survey, 2012) has not helped much to make 

the infected and affected make informed decisions like avoiding unprotected sex. So there is no 

correlation between knowledge on health issues and prevention of disease and other health problems. 

Based on the fact that there is a majority of female students at the college, one would expect more health 

problems from female students yet even males reported cases in large numbers. This shows no 

correlation between accommodation facilities and the health status of students. The further efforts to be 

taken are an important area for further study. 

The availability of reliable water sources does not necessarily mean a healthy water situation (JMP, 

2012). This calls for an effective water use and management system which reduces waste water and 

ensures a stable water supply system and hence good health. The purchase of generators showed efforts 

towards self-sustainability but still cheaper means in the long-run like solar power, could be explored 

especially to provide lighting in critical sections. 

7. CONCLUSIONS 

 Teachers’ Colleges are priority settings and important change agents because they train 

teachers who will be responsible for developing healthy citizens for the nation. Such 

Colleges had the capacity in terms of resources and manpower to contribute meaningfully to 

the creation of a healthy nation and realization of the ZIM-ASSET goal of empowering 

society through good health. 

 Health challenges that students face are manageable at college level to empower students to 

take charge of their own lives through managing their own health and those they will interact 

with in future 

 Although protective clothing was provided to all relevant sections (grounds, kitchen etc) , 

some staff sometimes did not use the clothes thus showing lack of seriousness and lack of 

education on the related dangers 

8. RECOMMENDATIONS 

 There is need for the establishment of a comprehensive health provision system 

 Increase health education through short health care courses, clubs and workshops and 

network with stakeholders like, Say What?, FACT, VVOB 
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 Access to health services could be increased through increasing service time, nutritious 

traditional food, health education and more effective use of traditional herbs as well as the 

College nutrition garden 

 Increase access to contraceptives for students and strengthen family planning education in 

both male and female students 

 Establish a mothers’ shelter  

 Employ a trained counselling specialist at the clinic who offers specialist services to both 

students and staff and formalize gym time on the time table 

 Employ a part time gym specialist to assist students and staff after school hours 

 There is need to purchase water storage tanks for emergencies 

 Install solar power as an alternative source of lighting  
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ABSTRACT 

Zimbabwe faces challenge of eradicating extreme poverty and hunger. This study examined the role of 

banana production in poverty eradication. It sought to establish level of poverty alleviation and gender 

equity in banana production under the guidance of Fruits and Vegetables Company (FAVCO) in 

partnership with Zimbabwe Agricultural Income and Employment Development (Zim-AIED). 

Qualitative research and case study design were used. Data were generated through document analysis, 

observations and interviews. Forty (40) participants were selected through purposive sampling and data 

were analysed through content analysis technique. Findings were that production has increased from an 

average of 4 tons per hector in 2008 to 40 tons in 2013. Income increased from an average of USD 200 

per year in 2008 to 3 500 USD per year in 2012.  There are better houses and irrigation equipment. 

Health status has improved due to availability of income to buy food.  Conclusion is inputs and proper 

training boost banana production. Contract farming is recommended for poverty reduction. 

Keywords: challenges, banana production, poverty reduction, gender    

1.0 INTRODUCTION  

In 2009 when Zimbabwe was recovering from hyperinflation and the introduction of the multi-currency, 

smallholder farmers experienced a number of challenges. Some of the challenges that affected the 

country to address food security were depleted productive assets for stallholder farmers; limited access 

to inputs; loss of financial savings; dilapidated rural infrastructure and services; low production due to 

inadequate agronomic knowledge and weak access to markets. Honde Valley villagers were not spared 

from these problems. However, in 2011 a marketing company called Matanuska in partnership with 

Zimbabwe Agricultural Income and Employment Development (Zim-AIED) programme funded by the 

United States Agency for International Development (USAID) came to rescue Honde Valley banana 

smallholder growers. ZimAIED joined forces with Fruit and Vegetable Company (FAVCO) to help 

banana smallholder farmers’ access inputs, knowledge of using new technologies such as irrigation 

systems, better fertilizers, marketing techniques and improved post–harvest. This paper presents 

findings from a research undertaken in 2013-2014 to examine how smallholder farmer banana 

production could eradicate poverty in rural setting.  

1.1 BACKGROUND  

One of the challenges that Zimbabwe is facing is eradicating extreme poverty and hunger. In 2011, 

72.3% of all Zimbabweans were considered poor, whilst 62.6% of the households in Zimbabwe were 

deemed poor (Zimbabwe Vulnerability Assessment Committee (ZimVAC, 20121). According to 

Zimbabwe National Statistics Agency (Zimstat) (20132) Zimbabwe has 62% of its total population of 

13 061 239 leaving in poverty.  16.2% are in extreme poverty while 76% of the rural households are 

poor compared to 38.2% in urban areas. About 30% of rural people are extremely poor compared to 

5.6% in urban areas.  
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Thus as a way of eradicating poverty and in pursuit of  accelerated economic growth and wealth creation, 

Government formulated a new plan known as the Zimbabwe Agenda for Sustainable Socio-Economic 

Transformation (Zim Asset, 20133) that was implemented in October 2013 and runs until 2018.  The 

purpose of Zim Asset is to achieve sustainable development and social equity anchored on 

indigenisation, empowerment and employment creation which will be largely propelled by the judicious 

exploitation of the country’s abundant human and natural resources. However, success of Zim Asset will 

depend on skill acquisition which will be the main vehicle for food security, employment and future 

economic development. Zimbabwe’s future economic growth will therefore rely on the ability of the 

nation’s workforce to apply advanced agriculture production and manufacturing using technology and 

respond to changing demands of industry. 

Agriculture is one of the strategies used to alleviate poverty in Zimbabwe. It is also the main activity for 

survival in rural Zimbabwe. However, successful agricultural development strategies require an 

understanding of the linkages between alternative agricultural growth options and poverty reduction, if 

they are to identify appropriate investments in the most effective development programs. Banana is one 

of the world’s leading fruit crops. It is the fourth most important crop worldwide after rice, wheat and 

maize. The major concern is that yields in Zimbabwe are low due to poor quality planting materials, 

pests and diseases, poor crop management and soil fertility decline, low farm gate prices and the lack of 

markets for bananas. In Zimbabwe rural households remain predominantly smallholder subsistence 

farmers that combine crop and livestock production for the majority of the income, complemented by 

various generally low paying non-agricultural activities. In spite of the widely publicised ‘success’ 

stories about Zimbabwe land reform from 2000, 50% of the population continues to live in poverty 

(Zimstat, 20132).  

There is still food insecurity, extreme poverty, hunger and child malnutrition at the household levels in 

rural areas, among resettled farms and low income urban families especially those which are female-

headed (Zimstat, 20132). Most people do not have enough food to meet their needs through to the next 

harvest season. Consequently, they rely on markets and other non-farm sources such as casual labour to 

bridge the food gap to the next season. As such, a number of people in rural areas struggle to meet their 

daily food needs (ZimVAC, 20121). 

Zimbabwe has ten (10 ) provinces and this study is located in Manicaland province in the district of 

Mutasa, Honde valley area. According to Zimstat (20114) Manicaland province has a population of I 

752 698 and 70.6% of them are poor. To fight poverty an organisation called Zimbabwe agricultural 

Income and Employment Development (Zim-AIED) in partnership with FAVCO Company, which is a 

national horticulture marketing and distribution, started a programme to boast banana production and 

alleviate poverty in Manicaland. Programmes were established in Mutasa district Honde valley area, 

Chipinge district, in Mutema, Musikavanhu and Chibuwe irrigation schemes. The programme was 

funded by United States Agency for International Development (USAID). This study was located in 

Mutasa district Honde valley area. 

Very little information has been documented on banana production and its impact on poverty reduction. 

Thus the problem for this study is stated as follows: Despite the land distribution and involvement of 

nongovernmental organisations in helping rural people in farming activities, the people are still 

experiencing poverty especially in Manicaland province endowed with good soils and climate.  
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 Therefore the study sought to examine how banana production in Honde Valley is enhancing poverty 

reduction among women and men who are involved in FAVCO contract banana farming.  

1.2 Objectives of the study  

The study sought to achieve the following objectives  

 Identify the banana contract farmers in Honde Valley 

 Examine impact of banana farming on the livelihoods of contract farmers 

 Observe  challenges faced by the banana contract farmers 

2. LITERATURE REVIEW 

Literature was based on conceptual framework of sustainable livelihoods, gender, poverty, poverty 

reduction, contract farming and banana health benefits. This study was based on the sustainable 

livelihood framework. It was guided by the livelihood approach that groups individuals into different 

livelihoods according to their access to assets both material and social resources. Baumgartner and 

Hogger, (20045); Hussein, (20026), and Carney, Drinkwater, Rusinow, Neejes, Wanmali, & Singh, 

(19997) explain the theory of sustainable livelihoods as a process that breaks access into five groups of; 

a) Human capital (e.g. education and health) 

b) Natural capital ( e.g. land) 

c) Financial capital ( e.g. access to credit) 

d) Social capital ( e.g. community networks); and  

e) Physical capital  (e.g. infrastructure like markets, and roads) 

Thus this study examined the five capitals and their impact on the banana production activities as well 

as the impact on poverty reduction among the participants. 

3.1 Gender  

In this study gender refers to the socially constructed roles, behaviours, activities and attributes that a 

given society considers appropriate for children, the youth, the elderly, men and women.  Gender is 

viewed as a set of social and cultural practices that influence the lives of women and men in every 

society (World Health Organization, 20018). It refers to the array of socially constructed roles and 

relationships, personality traits, attitudes, behaviours, values, relative power and influence that society 

ascribes to the two sexes on a differential basis (Riley, 19979). It is critical to note that gender is a social 

institution, construct and is central to the way a society is organized. Family, religion, ethnicity and other 

social institutions affect the roles men and women play in society. Arguably race is not a social institution 

but a race can create multiple oppressions especially when it intersects with gender and other social 

constructs. The study of impact of banana production on poverty reduction was looked at through the 

gender lance. The study specifically looked at the composition of project members and discriminatory 

practices. 

3.2 Gender Equity 

Gender equity and equality in this study is used in a broader scope that encompasses policy guidelines 

and actions in favour of the advancement of women and girls. This also includes men and boys as their 

involvement and attitude change is essential in the process of creating social relations in which neither 

of the sexes will be discriminated.  
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Thus in this study we examined how women and men are involved in banana production in the Honde 

Valley. We also examined any gender discrimination practices in the activities done by the NGOs and 

companies working with the farmers. 

In this study we contend that men and boys must be included in the search for gender equality by creating 

a large-scale and broad social consensus on a range of issues that previously have been marginalized. 

Gender issues are not only of importance to women but are also issues for men, the gendered 

expectations of men can mean they are not allowed to show emotions, need to remain distant to their 

children. Men are often denied the right to undertake activities that they might enjoy such as cooking 

for the family; it is alright if he is a professional chef, or undertaking minimal child care at home.  

There is need to develop effective partnerships not only between women and men, but between a range 

of institutions and organizations to promote gender equity (that is fairness between the sexes because 

absolute equality is not always possible). Furthermore, there is an urgent need to identify, isolate and 

marginalize those men working to preserve men’s power and privilege so as to raise the next generation 

of boys and girls in a framework of gender equity and equality. In this study we examined how boys and 

girls in this community of banana production are involved and the roles they are asked to play in the 

process of banana production. There is need to change the attitudes and behaviour of men and boys in 

order to improve the lives of women and girls in the home, workplace and community. In doing this it 

is important to realize that the individual has not developed their gender discriminatory attitudes 

consciously, they are the product of their socialization in most case. 

3.3 Poverty  

Fukuda-Parr (200610) views the concept of poverty as a human condition that reflects failures in many 

dimensions of human life that include hunger, unemployment, homelessness, illness and health care, 

powerlessness and victimisation, and social injustice. These factors all add up to an assault on human 

dignity. 

The Zimstat report (20132) defines poverty as the prevalence of households or people in households 

whose consumption expenditure per capita are below the upper line, while extreme poverty represents 

households whose per capita consumption expenditure falls below the food poverty line (FPL). Zimstat 

poverty analysis report shows grinding poverty has worsened with the rural average consumption per 

person per month standing at US$4, 70, compared to US$87 for urbanites. Poverty currently stalks 62% 

of the country’s estimated 13 million people, mostly in rural areas and high-density suburbs. There are 

many measures of poverty that include health, education, power, income, and asset and land (World 

Bank 200011; Chant, 200312, Ellis and Freeman, 200413). This study examined poverty through health, 

education, assets, and income. 

 Zimbabwe is a low-income, food-deficit country, ranked 156 out of 187 countries (UNDP Human 

Development Report, 201314).  In 2012, 72 % of the Zimbabwean population lived below the national 

poverty line that was less than US$ 1.25 per day. Some 30 percent of the rural poor were considered to 

be ‘food poor’ or ‘extremely poor’ (UNDP Human Development Index, 201314).Reports on crop 

production are mainly on crops such as maize, wheat, sorghum, finger millet, pearl millet, tubers, 

cowpeas, groundnuts, sugar beans and soya are done yearly by organisations such as Vulnerability 

Assessment Committee (ZimVAC). Most households in the rural areas are net food buyers. This is so 

because they do not (for a number of reasons) produce. 
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3.3.1 Poverty levels Zimbabwe  

The information was from the literature surveyed on poverty levels in Zimbabwe by provinces. 

Table 1.1 Poverty levels by province   

Province  Total Population   

Bulawayo    653 337 34.5% 

Harare 2 123 132 35.7% 

Manicaland 1 752 698 70.6% 

Masvingo 1 485 090 63,7% 

Midlands 1 614 941 67%. 

Mashonaland East 1 344 955 67%. 

Mashonaland  Central 1 152 520 75,4% 

Mashonaland  West 1 501 656 72,4%. 

Matabeleland North    749017 81,7% 

Matabeleland South     683 893 70,8% 

Source: Zimstat census report undertaken in 2012 (20132) 

It was interesting to note that Manicaland is fifth in rank of poverty levels recording 70.6% out of the 

population of 1 752 698. This is quite high and shows that more than half of the Manicaland province 

population is poor. However, it was not possible to identify the type of poverty although the researcher 

suspected that the poverty was mainly in food.  

3.4 Poverty Reduction Strategies  

Strategies to eradicate poverty require not only economic growth and redistribution but also direct 

intervention in many areas such as expanding education, removing discrimination and securing social 

injustice; different types of deprivations in human lives are interrelated and reinforce one another. 

Zimbabwe took the strategies of expanding education, implementing developmental programmes and 

empowerment as ways to poverty reduction (Chinake, 199715).  

3.5 Contract Farming  

Contract farming is a concept where eligible inputs suppliers select farmers to grow crops through a 

contractual agreement. Agricultural inputs are then provided to farmers on a loan basis through the 

supplier companies or non-governmental organisation. in addition to inputs the contract farmers are 

given appropriate training and extension support. After the crops are harvested, the farmers sell a portion 

back to the suppliers, who recuperate the costs of the input loans that were advanced to the farmers. The 

farmers get to keep the difference between revenue from the crop sales and the loan repayment 

(Maminimini, 201216). In this study the supplier is FAVCO and the donor is USAID while the 

implementing partner is Zim AIED. 
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4. METHODOLOGY  

4.1 Research Paradigm and design 

The study used a qualitative research approach and a case study design. According to Cooper and 

Schindler (2003:146 17) a research design is a plan and structure of investigation that is aimed at getting 

answers to the set research questions. It is usually made up of a blueprint used for the generation and 

analysis of the data. 

4.2 Population and Sampling technique 

The total population for this study was the smallholder banana farmers in Honde valley who are doing 

contract farming with ZimAIED and FAVCO. Best and Kahn (1993:13  18) define population as any 

group of individuals that have one or more characteristics in common that  are of interest to the 

researcher. In this study participants were purposively sampled from Manicaland province, Mutasa 

District, Honde valley area in Zindi village by 2013 February there were about 600 banana contract 

farmers in Honde Valley. The Zindi Village was selected out of interest and because it is an area very 

suitable for Banana production due to its climatic conditions. Therefore forty (40) participants were 

selected and interviewed. Documents from Zim-AIED and FAVCO were sought, read and analysed. The 

workers at FAVCO and ZimAIED were also interviewed.  

4.2 Data Generation Methods   

Data were generated through document analysis, observations and interviews. The researcher as she 

interviewed the participants at their households she also observed the banana plots and the homesteads. 

The researcher also interviewed the local clinic sister in charge and the head teachers of the local primary 

and secondary schools who have been in this community for more than five years.  

4.3 Data Analysis technique 

Data were analysed through content analysis technique. Hshieh and Shannon (200519) describe content 

analysis as a process of interpreting text data through the systematic classification process of coding and 

identifying themes or patterns. Data were gathered through interviews, documents and observations. 

Forty (40) (12 females and 38 males) participants were interviewed. Of these thirty (30) were FAVCO 

banana contract farmers, two (2) one female and one male were headteachers of the local secondary 

school and local primary school. One (I) female was the local sister in charge of the local clinic. Seven 

(7) males were officials from FAVCO, Zim-AIED, and Matanuska. Of the thirty contract (30) farmers 

twenty (20) were all married males and their average age was fifty five years (55) while the remaining 

ten (10) were female household heads. On further probing the researcher learned that six (6) of them 

were widows and four (4) of them were single mothers. The average age of the females was 45. Thus 

the data generated from interviews and observations were transcribed, coded and themes and patterns 

identified. Several documents that include studies undertaken by, Zim-AIED and FAVCO and strategic 

plans as well as annual reports were read and analysed. The researcher also made observations as she 

visited households for the interviews. The researcher made an observation checklist that included 

checking on the home environment observing such buildings state of the toilets, piped water, irrigation 

equipment, storage places, the state of the living buildings, the state of the roads and the size of the 

banana plot.   
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The researcher had questions that were used to interrogate the documents read where she sought to know 

the author of the document, the purpose for the document and as she read she recorded the events that 

impacted on the project such as the inputs given, the training given and the challenges faced in the 

implementation from the implementers’ perspectives. She also recorded the trend of production levels 

as the project progressed especially from the implementers records.  

The themes that emanated from the data are as follows; gender and membership of contract farmers, 

banana production levels, banana production labour, impact on livelihoods and challenges faced by 

contract farmers.   

5 FINDINGS 

5.1 Gender and membership of contract farmers 

Data analysed from the implementers Zim-AIED, FAVCO and Matanuska data bases revealed that both 

women and men were registered banana farmers. When the participants were asked if there was any 

discriminatory practices in the way people joined the programme all said the people in their village were 

invited to join the contract farming. Both women and men were free to join and the only condition was 

to have land for growing the bananas. Thus this study found out that in terms of membership of Honde 

valley banana contract farmers working with FAVCO there is gender equity. The reason why women are 

few could be because in a married family the member is the husband and the wife does not have her 

own membership or plot. In this study it was found out that the village headman was also a member of 

the project. He also confirmed that all households’ heads were free to join the project regardless of 

gender and age. He also confirmed that each household has land allocated that they grow crops. It is up 

to the households to choose to join contract farming or not.  

5.2 Banana production levels 

Data drawn from the documents and analysed indicate that banana plots rank from 0.25-3 hectares in 

the Honde valley. The researcher observed that these plots are where the homesteads are. In this location 

the plots are irrigated by water that flows through gradient from the springs found in the Nyangani 

Mountain range. The area studied is at the eastern foothills of Nyangani range. When asked how the 

farmers got piped water and sprinklers they use for irrigating the bananas participants explained that 

they pooled their resources and laid pipes from the springs in the Nyangani Mountain before the Zim-

AIED FAVCO project was launched. ZINWA came to normalize the use of water and implemented taxes 

in 2010 after the people had piped water in 2009. A few of those FAVCO contract farmers had started 

growing bananas for sale before the project was implemented.  However, participants acknowledged 

that their production levels were very low and they had very little knowledge of producing bananas at 

commercial scale. From the production records kept by Matanuska the banana marketing company 

working with ZimAIED and FAVCO the production levels by male and female headed small scale farms 

are the same.  

The project officers commended that women in this project are just as good as men. This could be 

because all farmers are exposed to training and are given inputs for production according to their land 

size. At the beginning of the project participants said they were given high quality banana seedlings, 

lime and fertilizers.  Participants said there was no gender discrimination in distribution of inputs. Data 

from participants analysed also indicated that both women and men were pleased with their levels of 

production. They all were bubbling about how they had improved their lives through banana commercial 

growing as demonstrated in the section of Livelihood improvements.  
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Information from analysed documents indicates that production levels per hectare have increased from 

4 tons per hectare in 2008 to 40 tons per hectare in 2013. This information was not easy to verify from 

the interviews because the record keeping of the farmers is not all in kilograms. The participants said at 

times they sell the bananas to the neighbours who are not in the project and when they sell in this manner 

they do not weigh the bananas but sell by a bunch. 

5.4 Banana production labour 

When asked about who help in the banana plots in planting, harvesting and marketing? Almost all 

farmers who participated in the study regardless of gender mentioned that children help especially in 

the weeding and putting the lime and fertilisers. When asked whether girls and boys were equally 

involved in the fields data analysed indicate that both boys and girls are equally involved in the banana 

fields. One of the documents read from the local office of Matanuska was a book written by the school 

children about banana growing. This shows that it was written by both grade seven boys and girls as a 

project. The researcher observed that most of the schools in Honde valley have banana plots that are 

worked on by school children as either part of agriculture or gardening lessons. 

5.5 Impact on livelihoods  

The livelihoods levels of the participants were measured on capital in particular land and water 

availability; human capital in particular education and health; financial capital especially access to 

credit; social capital such as community networks and physical capital  in the form of infrastructure like 

markets, dams and roads. Data gathered through observations and interviews and analysed indicate that 

the banana plots are quite small. Data analysed revealed that production levels were quite high. Thus in 

terms of land availability all the participants confirmed that they had enough land and water for irrigating 

the bananas in the dry season was available. 

The participants were quite happy by the education and training provided by the organisations and 

members of Agricultural, Technical and Extension Services (AGRITEX). The officers from the project 

implementers confirmed that they hold training sessions with the contract farmers. Training is mainly 

on how to apply fertilizers, scouting for diseases and on how to harvest and store the bananas. They are 

also taught book keeping. The other development cited by the headteachers of the two local schools was 

that the banana project has helped the parents to see the importance of education. The two commended 

that enrollments have improved; the paying of school levy has also improved.  This was also confirmed 

by the participants who commended that they are now able to send their children to school and buy 

textbooks for the children a thing they were not able to do before they joined the project. One participant 

said she is now able to send her children to boarding school. Another female participant said she was 

able to send her son to university due to the proceeds from the project.   

 Data analysed from the interview with the local clinic sister did not reveal much in terms of how the 

banana project has improved the health of the participants. What she confirmed was that the number of 

children suffering from malnutrition has improved from what it was in 2008-2009. She could not 

attribute this to the banana project. However, participants were unanimous in saying that this project 

had improved their health status. They said they were now able to buy meat, bring up chicken and rabbits 

for their consumption. Moving around the village the researcher could observe well built chicken runs 

and rabbit huts as well as well secured vegetable gardens. Another observation and emanating from 

interviews is that participants agree that they have been able to build better houses and Blair toilets. This 

was quite vivid as the researcher moved around the villages.  
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It was also observed that attached to the toilet was a bathroom. This is quite different from what I saw 

in 2008 when I visited the area when the people were planning to have piped water in the village.  It was 

not possible to have an interview with the local health officer since he was away on leave. However, the 

researcher observed that almost all households visited had well built four bed roomed houses and kitchen 

huts with cement floors a sign of improved quality of life from what she saw in the same villages in 

2008. 

When asked about the other benefits they get from bananas besides the monetary benefits, participants 

explained that they used the leaves to cover burns and wounds. This was confirmed by Kumar et al 

(201220) who say bananas have medicinal benefits that include taking flowers to cure bronchitis and 

dysentery and on ulcers; cooked flowers are given to diabetics and young leaves are placed as poultices 

on burns and other skin afflictions.   

It was noted from data analysed that these contract farmers have developed social networks among 

themselves besides belonging to the group of ZimAIED FAVCO network; they also have social clubs 

especially the women. They give each other money; say in a group of five (5) women each month they 

give USD100 to one member (each member contributes USD20.00). When asked what the recipient use 

the money for, participants said the money is used to buy things like feeds for chickens, sprinklers or 

anything that the member wants to use to enhance the growth of the bananas. The ZimAIED FAVCO 

officers also mentioned that banks are now considering giving loans to a group of contract farmers and 

not to individuals. However participants did not confirm this development. This could be that the 

practice had not been implemented when the field work was undertaken. 

5.6 Challenges faced by Contract farmers  

Data from observations, interviews and documents indicated that the major challenge is that of the poor 

state of the roads into the villages. However, they were quick to mention that they often repair the roads 

manually but there is need for grading of the gravel roads by proper machinery. This challenge was 

echoed by implementing officers and the local secondary headteacher. Farmer participants also indicated 

that lack of dams and or tanks at the sources of their piped water was something they feared would one 

day make them not get enough water for irrigating their banana plots. 

6.  DISCUSSIONS  

This study has shown that there is gender equality in banana production of Honde valley in terms of 

joining the projects. In fact this study contradicts the finding by Kachingwe (198621) who found out that 

Zimbabwean women face economic, legal, cultural and social discrimination on the grounds of their 

sex, and that this affects every aspect of their lives including their participation in community 

development activities.  In Zimbabwe female household headship results from a variety of causes that 

are widowhood, divorce and defacto headship arising from illness of a spouse or his migration to an 

urban area to find work (Horrell and Krishnan, 200622).  This study identified six (6) female headed 

households caused by widowhood. The others were single mothers who did not explain why they were 

single mothers and the researcher did not probe further. Although in Honde valley it has been found that 

women in this project are fewer than men, a report of other areas of banana smallholder farmers  in 

Manicaland indicate that at Mutema irrigation scheme  there are 128 women  and 110 men participating 

in the banana farming project with Zim-AIED and FAVCO (Chidavaenzi, June 201423).  
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This study identified challenges related to bad state of roads as a hindrance to transporting of the banana 

produce to the markets and the smooth movement of AGRITEX, ZimEID and FAVCO officers to 

contract farmers’ plots.  This is similar to findings from a study by Jackson and Steenhuis, (199724) who 

found out that some irrigation schemes in Zimbabwe face problems of bad roads and transport facilities.    

Another challenge from data analysed was lack of substantive reservoirs, in this locality which the 

participants feared it could one day make them fail to effectively irrigate their banana plots.  While 

Honde Valley farmers worry about lack of water reservoirs to sustain the irrigation a study by 

Chazovachii (201225) in Masvingo, Bikita District found out that the farmers lack enough irrigation 

water due to water table that goes down in winter.  

The finding that children work on the banana plots together with their parents has also been identified 

by Hooder (200026).  Hooder says in some American irrigation farms women and children are part of 

the labor force. 

7. CONCLUSIONS 

The study concluded that given land, inputs such as fertilizers, quality seeds, lime and proper training, 

banana production can bring about poverty reduction and gender equity. This study concludes that 

poverty eradication can be achieved by firstly giving people land, agricultural inputs, education and 

training, thus empowering disadvantaged groups to change their own circumstances. It also concluded 

that contract banana farming is a sure strategy for poverty reduction. 

8. RECOMMENDATIONS 

The study recommends that participants be encouraged to make more social networks that make them 

become more bankable for sustainability of the projects after the donors leave them. The study 

recommends that the government through District Development Fund maintain the roads in the villages 

for easy transportation of inputs and the products. The study also recommends that Zimbabwe National 

Water Authority (ZINWA) help the villages by building water reservoirs for irrigation during the dry 

season. ZINWA only needs to help the people upgrade what they have. This could also help the people 

to do fishing at a commercial level since the climate is suitable for bream farming. The study 

recommends that AGRITEX officers continue to aggressively encourage those households not in the 

project to join for the benefit of their better livelihoods. The study recommends a comparative study of 

those involved in the programme and those who produce bananas outside the programme in order to 

compare the impact of banana production on livelihoods. 
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66. Increasing Drug Efficacy or Proper Treatment Adherence to Curb Emergence of 

HIV Drug Resistance Strains; Insights through Adaptive Dynamics Theory 

SP Showaa, SD Hove-Musekwaa, F Nyabadzab and G Magombedzec                                                                                    

a Department of Applied Mathematics, National University of Science and Technology,  P. O.  Box 
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b Department of Mathematical Sciences, University of Stellenbosch, P. Bag XI, Matieland, 7602, 
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c National Institute for Mathematical and Biological Synthesis, 1122, Volunteer Blvd, University of 

Tennessee, Knoxville, TN, USA 

ABSTRACT 

There have been huge improvements in the number of people taking antiretroviral therapy in Zimbabwe. 

However, as ART access increases, there is need to guard against the emergence of HIV drug resistant 

strains. Our study endeavour to determine the evolutionary fate of drug resistant strains.  We investigated 

the evolutionary dynamics of HIV drug resistant strains using discrete time models and the theory of 

adaptive dynamics. We predicted that, the resistant strain will invade the drug sensitive strain if its 

transmission rate is greater than the product of transmission rate of the drug sensitive strain and the drug 

inefficacy. Thus as the drug efficacy increases the chances of emergence of resistant strains increases. 

Our models predicted that a 100% drug efficacy is not an evolutionary trap for drug resistant strains. 

Drug resistance strains with low transmission rates can coexist with the drug sensitive strains if the drug 

efficacy is sufficiently close to 100%. 

Keywords: HIV drug resistance, drug efficacy, discrete time models, adaptive dynamics.  

1 INTRODUCTION 

Antiretroviral therapy (ART) coverage has improved over the past years in Zimbabwe and this has seen 

great improvements in the fight against the HIV infection (1,2,3). The incidence rate dropped from 5.5% 

in 1992 to about 0.98% in 2013 (1,2). Vertical transmissions in children were dramatically reduced over 

the same time period due to improvements in the roll out of prevention of mother to child transmission 

(PMTCT). The prevalence rate also dropped from approximately 26.48 % in 1997 to about 15% in 2013 

and HIV infection related deaths dropped from 170 000 in 2003 to 60 000 in 2013 (1,2,3). However, 

HIV continues to be the leading cause of deaths in Zimbabwe (4). 

The benefits of wide coverage of ART are jeopardized by the emergence of HIV drug resistance 

(HIVDR) (5,6,7,8). HIVDR is defined as the ability of HIV to mutate and reproduce itself in the presence 

of ART (9). HIVDR may be caused by existence of the drug resistant strains before treatment is initiated 

or poor adherence to treatment (10,11,12,13,14) . 

The consequences of HIVDR include, first-line treatment failure leading to the need for using more 

costly second- and third- line treatments (9), transmission of drug resistant HIV which compromise 

antiretroviral therapy outcomes in antiretroviral therapy-naive patients  (15,16) and the need to develop 

new anti-HIV drugs (9). Therapy switching in case HIVDR emerges in an ART patient is complicated 

by the fact that there are no laboratories to monitor HIVDR in Zimbabwe and as such doctors rely on 

clinical and immunological criteria to diagnose treatment failure and switch patients to the second-line 

or third-line treatment (17).  
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This may result in doctors inappropriately switching patients to second-line treatment thereby reducing 

the patient’s therapeutic options and increases in the overall cost of treatment (17). In Zimbabwe there 

are people still in need of ART (3), of which current programs have failed to reach. Switching patients 

already benefiting from ART programs to second-line treatment which is costly will lower the chances 

of those not accessing treatment to ever access it. In order to make HIV treatment worthwhile in 

Zimbabwe, it is important to guard against the emergence of drug resistant strains which are costly to 

treat and in some instances impossible to treat with the current resources. 

Though the number of people with drug resistant HIV is relatively low with a range of 5-10% prevalence 

(18,19,20), increases in these numbers are being observed in sub-Saharan Africa and thus the need to 

guard against HIVDR (21,22). HIVDR can be circumvented by ensuring that a strong drug combination 

is used to begin treatment such as a combination of three or more drugs (highly active antiretroviral 

therapy (HAART)) and adherence to treatment (23). Resources-limited settings such as the case of 

Zimbabwe, cannot afford the triple combination and as such, have to rely on proper drug adherence.  

The relationship between drug adherence and mutation accumulation has been the subject of many 

studies (24,25) and it has been proposed that the relationship is an inverse u-shape, with minimum 

mutation accumulation when adherence levels are very low or very high. The effect of time varying drug 

efficacies on the evolution of viral load was also the subject of many studies (26,27,28). Efficacies were 

varied according to the pharmacokinetics of the drugs being used. In these studies it was found that 

proper drug adherence plays a crucial role in determining the success of the therapy. In the study (29), 

it was observed that high levels of adherence in the absence of complete suppression, increases the 

chances of emergence of resistant strains. In this study, we are considering situations where drug 

concentrations are maintained at appropriate levels, that is, there is proper drug adherence, and a 

combination of therapy is used such that the drug efficacy is sufficiently close to 100%. Our goal is to 

determine if resistance strains will emerge and succeed in such conditions. In other words, mathematical 

models are used to show the evolutionary fate of the HIVDR (whether the mutant strain will succeed 

the drug sensitive strain or will die out or will coexist with the sensitive strain at low levels) when 

suppression is approximately 100%.  

The theory of adaptive dynamics is used to study the evolution of HIV drug resistant strains.  Adaptive 

dynamics are mathematical techniques used to study the long term consequences of small mutations in 

traits expressing phenotype (30). The fundamental assumptions of adaptive dynamics are (i) the resident 

population is assumed to be at equilibrium when a new mutant type appears (ii) mutations occur rarely 

and (iii) the eventual fate of such mutants can be inferred from the initial growth rate of the mutant 

population while it is still rare compared to the resident type (30). The initial growth rate is referred to 

as the invasion fitness (30). In an HIV infection, it has been observed that the number of mutations that 

occur before treatment are very large compared to those that occur after treatment and that treatment 

reduces the occurrence of mutations that produce drug resistant strains (13). Thus the major assumptions 

of adaptive dynamics are not violated when modelling the evolutionary dynamics of drug resistant 

strains that emerge during treatment. 
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2 OBJECTIVES 

Our study endeavour to determine the conditions of invasion by drug resistance strains for strains that 

emerge during treatment and the evolutionary fate of drug resistant strains when the drug efficacy is 

approximately 100% and hence inform on measures to curb the emergence of resistant strains.  This 

goal will be achieved through the following specific objectives 

a. To determine the conditions of invasion by drug resistant strains and  

b. To determine what occurs when the drug efficacy is approximately 100% for drug resistant 

strains that occur/emerge during treatment.  

3 METHODOLOGY 

We begin by formulating a model where we assume that there is no cost involved in increasing the 

transmission rate of the virus and determine the conditions of invasion of a drug resistant strain and then 

consider a model with fitness cost. The trait under selection is the infectivity (transmission rate) of the 

virus  rw    , where the virus with strategy w  is sensitive to treatment and the virus with strategy 

r  is resistant to treatment. 

3.1 Model without fitness cost 

The model in the absence of a drug resistant strain takes the form 
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The variables tT , tV  and 
*

tT represent the uninfected cell levels, viral levels and infected cell levels at 

time t,  respectively.  Equation (1) models the levels of CD4+ T cells at time 𝑡 + 1. The parameter 𝑠𝑇, 

represents the supply of new cells from the thymus. It is assumed that addition from the thymus occurs 

at the beginning of the time step. We have assumed a density dependent growth function for these cells 

of the form 









K

T
T t

t exp where   is the effective rate of increase. This was motivated by the fact that 

CD4+ T cell levels are regulated in vivo. To proceed to the next time step, CD4+ T cells must survive 

infection by the virus through cell to cell contacts and cell-free virus contacts. We assume that the 

infection of CD4+ T cells is determined by the number of contacts/encounters of the infected cells with 

the CD4+ T cells and virus with the CD4+ T cells. The encounters are assumed to be random so that the 

encounters are described by a Poisson Probability distribution. Since the likelihood of escaping infection 

is the same as the probability of no contacts during the CD4+ T cell's lifetime, the probability of CD4+ 

T cells surviving infection is given by  tt VT 2

*

1exp   , where 
1 and 

2  are the transmission rates 

for cell-associated and cell-free virus, respectively.  However, in the presence of treatment with a drug 

efficacy , the transmission rates 
1 and 

2 are reduced by a factor )10(,1   , so that the 

probability of the CD4+ T cells surviving infection is given by     tt VT   11exp 2

*

1 .  
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Infection is assumed to occur at the end of the time step so that the expression, 

    ,11exp 2

*

1 







 tt

t
t VT

K

T
T  gives the number of CD4+ T cells that survive infection per 

time step. 

Equation (2) models the levels of infected cells at time 𝑡 + 1. The expression 

     ,11exp1 2

*

1 tt VT    gives the proportion of cells that become infected per time step, so 

that      ,11exp1 2

*

1 ttt VTT  
 

gives the number of cells infected per time step. The parameter 
*

T
  gives the proportion of infected cells 

that die per time step and 
*1 T  gives the proportion of infected cells that survive per time step. Death 

is assumed to occur at the end of each time step. Equation (3) models the dynamics of the virus and ϕ is 

the burst size. The parameter μV gives the proportion of the virus that die per time step and death is 

assumed to occur at the end of the time step. 

Like previously published models of HIV evolutionary dynamics (31,32), we do not include the viral 

particles in the model, that is to say we assume that the dynamics of the virus are faster than those of 

infected cells. We thus have quasi-equilibrium density of the virus being given by 𝑉 =
𝜙𝜇𝑇

∗ 𝑇𝑡
∗

1−𝜇𝑉
. 

Substituting this value of V into the system of equation (1)-(2) we get 
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If we let 𝛽𝑤 = 𝛽1 +
𝛽2𝜙𝜇𝑇

∗
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, we have the following system of equations 
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The unique equilibrium point for the drug sensitive strain in the system of equations (6)-(7) is 
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Stability of this equilibrium point is determined by the eigenvalues of the Jacobian matrix of the system 

of equations (6)-(7) evaluated at the equilibrium point. If the eigenvalues have modulus less that one, 

the equilibrium point will be stable. The Jacobian matrix evaluated at this equilibrium point is given by 
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The Jacobian matrix J will have eigenvalues that lie inside the unit circle if and only if 2 > 1 +

det 𝐽 > |𝑡𝑟𝑎𝑐𝑒𝐽|.  

We suppose that the system above is at equilibrium and that a small number of the virus that is resistant 

to the current treatment is introduced through mutations. The conditions that should be satisfied for this 

mutant to invade the wild type virus are now discussed.  

We assume that treatment directly target the infectivity of the virus (transmission rate of the virus). Such 

treatments include fusion inhibitors and reverse transcriptase inhibitors. To determine the invasion 

fitness of the resistant strain, which is defined as the per capita growth rate of an initially rare mutant in 

an environment set by the resident strain, we consider the model, 
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The major assumption to this model is that a cell has to survive infection by cells infected by the drug 

sensitive strain and cells infected by the drug resistant strain. The variables 
w

tT *
and 

r

tT *
represent cells 

infected by the drug sensitive strain and cells infected by the drug resistant strains at time 𝑡 respectively. 

The proportion of cells infected by the drug sensitive strain is given by  
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and the proportion of cells infected by the drug resistant strain is given by 
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In this study, the invasion fitness is defined as the daily growth rate of the virus of an initially rare drug 

resistant mutant and is thus given by  
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This invasion fitness is dimensionless. The resistant strain will invade the wild type if  𝜆(𝛽𝑟) > 1.  

The condition that corresponds to the assumption that the resident virus (drug sensitive strain) is at its 

demographic equilibrium is  𝜆(𝛽𝑤(1 −  )) = 1. To verify this, if we rearrange the equilibrium state of 

equation (7) we have,        )11(.*1exp1
**

T
T

T
w

T 


  

Substituting equation (11) into the equation of 𝜆(𝛽𝑤), we get 1. Thus we are confident of the derivation 

of our invasion fitness.  

Observing that at equilibrium equation (7) satisfies 
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which simplifies to  
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Since invasion will occur if 𝜆(𝛽𝑟) > 1 , this means that the drug resistant strain will invade the drug 

sensitive strain if and only if  

  )12(1   wr  
This can be interpreted as; the resistant strain will invade the drug sensitive strain if its infectivity is 

greater than the product of infectivity of the drug sensitive strain and the drug inefficacy. It can be seen 

from inequality (12) that increasing drug efficacy increases the chances of occurrence of rare mutants. 

This implies that treatment can select for rare drug resistant strains, a result that was also observed in 

(32).  

The selection gradient for this system is given by 

 
   

 
.

1

1exp1
'

*

*

w

w

w

w
r

T

TT
w




 




   

 

http://www.rcz.ac.zw/


10th Zimbabwe International Research Symposium Book of Papers Presented (ISSN: 2412-2386) 

 

Published by Research Council of Zimbabwe   

Website: www.rcz.ac.zw  825 

The selection gradient is positive and we can thus predict that the transmission rate will evolve towards 

higher values than   1w . 

3.2 Model with fitness cost 

So far it has been assumed that there are no costs involved in increasing the virus infectivity. However, 

it has been observed that there is trade off between the infectivity (transmission rate) and the rate at 

which infected cells die (33). Increases in the infectivity β, results in increases in the death rate of 

infected cells 
*

T . In this study it is therefore assumed that 
*

T  is an increasing and saturating function 

of β. A Holling type II function is used to model the relationship between the virus infectivity and the 

death rate of infected cells, that is  





a

a
T




1

*
 where 𝑎 is a saturating constant. A plot of the 

relationship between the infectivity of the virus and the death rate of infected cells is given in Figure 1.  

 

Figure1: A plot of the relationship between 
*

T  and w using the Holling type II function. Increases in 

the infectivity result in increases in the death rate of infected cells. The relationship is however saturat-

ing. The invasion fitness in such a scenario is then given by 
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We consider the selection gradient at    1wr . If the sign of the selection gradient is positive, 

mutants with slightly higher trait values may succeed in invading the resident strain. If the sign is neg-

ative, mutants with lower trait values will successfully invade (34).  The selection gradient is given by 
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The expression     1' wr  is positive and it can thus be concluded that strains with transmission 

rates higher than   1w  may successfully invade. The implication for this is that infectivity will evolve 

towards higher values, a result which was also obtained in the unconstrained model. 

If     1' wr = 0, then seemingly, evolution of infectivity will come to halt, however this is only 

one of the possible outcomes of such a condition (34). Traits for which  

  *
1'   wr = 0,  

are known as evolutionary singular strategies. The evolutionary singular strategy for the system of equa-

tions (8)-(10) is given by   01 w  that is 1 . 

We begin by exploring whether or not the strategy   01 w  is an evolutionary stable strategy (ESS), 

that is determining whether or not a drug efficacy of approximately 100% means that no drug resistant 

strain will emerge and succeed. A strategy is an ESS corresponding to the equilibrium  0*wTT  if 

the following conditions are satisfied 

a. The equilibrium solution is an attractor of the system of equations (6)-(7). 

b. The invasion fitness  *1  w is a maximum of   .1  w  

The conditions for stability of the equilibrium point of the drug sensitive strain have already been 

specified. The invasion fitness  *1  w  is a maximum of    1w  
if   *

1''  w  <0. In this 

case   020'' 2  a . Thus 1 is not an ESS for this system. The implication for this is that a 100% 

drug efficacy is not an evolutionary trap, that is to say, a 100% drug efficacy doesn't necessarily mean 

that there will be no further evolutionary changes. The outcome for such strategies can be obtained by 

finding the second derivative of the invasion fitness with respect to the resident strategy and evaluate at 

  01
*
w  (34). The second derivative of the invasion fitness with respect to the resident strategy 

evaluated at   01
*
w  is 0 and the invasion fitness of the drug sensitive strain is greater than 1. We 

thus predict that nearby dimorphisms occurs for strategies in the vicinity of   01
*
w  that is, 1

. Thus an initially monomorphic population of a drug sensitive trait can become dimorphic for traits 

within the vicinity of 1 . The implication of this result is that rarer drug resistant strains can coexist 

with the resident trait if the drug efficacy is sufficiently close to 100%. 

3.3 Model simulations 

Four model simulations were performed and are explained in the sections below. 

3.3.1 Effects of drug efficacy on cell levels 

The effects of drug efficacy on cell levels was determined by fixing a time point and varying the param-

eter ε and the plots in Figure 2 were obtained. The parameters used are 

.5.0,00000024.0,00024.0

,10,1200,2.1

* 



Trw

TsK




 

The initial conditions used are the equilibrium value for the system of equations (6)-(7) and 1*

0 rT .  
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a 

 
Figure 2: The plots give the simulations of cell levels against the drug efficacy. Infected cell levels are 

inversely related to the drug efficacy whereas uninfected cell levels are positively correlated with the 

drug efficacy.  

It can be seen from Figure 2 that there is a positive relation between the uninfected cell levels and the 

drug efficacy. The implication of this relationship is that as the drug efficacy increases, the uninfected 

cell level will also increase because of the infection inhibition by the drug. However, increases in drug 

efficacy is detrimental to infected cell levels as can be seen from Figure 2a thus increasing drug efficacy 

can improve HIV treatment outcomes but at the expense of the emergence of rarer drug resistant strains. 

3.3.2 Pairwise invasibility plots for the two models. 

The pairwise invasibility plots for the two models are given in Figure 3.  

 a 
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Figure 3: Figure 3a gives the pairwise invasibility plot for model (8)-(10) and Figure 3b gives the 

pairwise invasibility plot for model a model with fitness cost.  The region marked + corresponds to pairs 

 rw  ,  for which the mutant strain with trait value 
r can successfully invade the drug sensitive 

strain. The region marked - corresponds to pairs  rw  ,
 
for which the mutant strain with trait value 

r  cannot invade the drug sensitive strain.  

It can be seen from Figure 3b that the range of values for w  and 
r  for which the mutant can invade or 

be invaded by the resident strait increases in the presence of fitness cost. 

4 RESULTS  

We investigated the evolutionary dynamics of drug resistant strains using discrete HIV models and the 

theory of adaptive dynamics. The goal was to determine the conditions of invasion for the drug resistant 

strains and the evolutionary fate of drug resistant strains when the drug efficacy is approximately 100%. 

The parameter which was targeted by treatment and at the same time allowed to evolve was the 

infectivity of the virus (transmission rate). Treatment regimes that target the infectivity of the virus 

include fusion inhibitors and reverse transcriptase inhibitors. 

We begin by assuming that there were no fitness costs involved in increasing the infectivity of the virus. 

For this assumption, it was observed that a drug resistant strain will invade a drug sensitive strain if and 

only if the infectivity of the drug resistance strain is greater than the product of the infectivity of the 

drug sensitive strain and the drug inefficacy. We observed that treatment selects for rare drug resistant 

strains. 

In an HIV infection, it has been observed that there is a trade off between the infectivity and the rate at 

which infected cells die. Increases in the infectivity β, results in increases in the death rate of infected 

cells 
*

T .  A Holling type II function was used to model the relationship between virus infectivity and 

the rate at which infected cells die. It was observed that increasing drug efficacy increases the chances 

of the occurrence of rarer drug resistance strains, a result that was observed in the unconstrained model. 

We also observed that a strain with an infectivity close to zero may coexist with a drug sensitive strain 

to produce a dimorphic population if the drug efficacy is approximately 100%. 

 

b 
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5 DISCUSSION 

We investigated a situation where drug resistance strains emerge during treatment and the resident 

population is a monomorphic population of a drug sensitive strain. The goal was to determine the 

evolutionary fate of these resistant strains. Using mathematical models, we predicted that treatment can 

select for rarer strains, a result that was also determined by Shiri and Welt (32), however these 

researchers did not consider the evolutionary fate of these resistant strains.  Furthermore, our results also 

agrees with the observations that the length/duration of treatment increases the chances of occurrence 

of HIVDR which in other terms this means that treatment selects for HIVDR (5,6). We predicted that if 

the drug efficacy is increased, the chances of emergence of resistance strains also increases, a result that 

agrees with the observation that high levels of resistance correlate with increasing rates of viral 

suppression (35). This result is also supported by the observation that using a single drug results in low 

prevalence of HIVDR (18) and using two or more drugs results in higher prevalence of HIVDR (19,20).  

We determined that strains with transmission rates greater than the product of the drug sensitive strain 

transmission rate and the drug inefficacy will invade the drug sensitive strain. Our models predicted that 

a 100% drug efficacy is not an evolutionary trap for drug resistant strains. Drug resistant strains with 

very low transmission rates can coexist with the drug sensitive strains if the drug efficacy is 

approximately 100%. This result agrees with the observation that even though HAART make the 

evolution of drug resistance highly unlikely, it has been also observed that HAART does not completely 

prevent the development of drug resistance strains (36).Thus if treatment is not properly adhered to, the 

conditions for coexistence of the drug resistant and sensitive strain can be disrupted. This may result in 

the emergence of more resistant strains or invasion of the sensitive strain, situations which jeopardize 

treatment outcomes, results obtained in several studies (25,26,27). 

However, we have considered a situation whereby the resident population consist of a drug sensitive 

strain only. Drug resistant strains may occur before treatment is initiated such that the population consists 

of a drug resistant strains and a drug sensitive strains. Changing the assumption accordingly will bring 

more insights on the evolutionary dynamics of drug resistant strains. 

6 RECOMMENDATIONS  

We deduced that 100% drug efficacy allows the coexistence HIVDR and the drug sensitive strains. So 

the conditions for high drug efficacy such as proper drug adherence and combinations therapy should 

be maintained so that the coexistence conditions are not disrupted. We therefore recommend that more 

attention should be focussed on supporting drug adherence, combination therapies, and ensuring the 

continuity of drug supplies to curb the emergency of HIVDR.  

7 BIBLIOGRAPHY  

1. www.nac.org.zw/categories/tags/hiv-and-aids-stastitics [Accessed 02 September 2014]. 

Global AIDS response country progress report Zimbabwe 2014.  

2. HIV and AIDS estimates (2013). www.unaids.org/en/regionscountries/countries/zimba-

bwe/2013estimates [Accessed 02 September 2014]. 

3. www.unaids.org/en/dataanalysis/knowyourresponse/countryprogressreports/2014coun-

tries/ZWE_narrative_report_2014.pdf [Accessed 29 September 2013]. 

4. USAID from the American people: ZIMBABWE, Global Health. photos.state.gov/librar-

ies/Zimbabwe/231771/pdfs/USAID-global-health001.pdf 

http://www.rcz.ac.zw/
http://www.nac.org.zw/categories/tags/hiv-and-aids-stastitics
http://www.unaids.org/en/regionscountries/countries/zimbabwe/2013estimates
http://www.unaids.org/en/regionscountries/countries/zimbabwe/2013estimates
http://www.unaids.org/en/dataanalysis/knowyourresponse/countryprogressreports/2014countries/ZWE_narrative_report_2014.pdf
http://www.unaids.org/en/dataanalysis/knowyourresponse/countryprogressreports/2014countries/ZWE_narrative_report_2014.pdf


10th Zimbabwe International Research Symposium Book of Papers Presented (ISSN: 2412-2386) 

 

Published by Research Council of Zimbabwe   

Website: www.rcz.ac.zw  830 

5.  Sigaloff KC, Hamers RL, Kityo C, Mugyenyi P, Rinke de Wit TF. Emerging HIV-1 drug re-

sistance after roll-out of antiretroviral therapy in sub-Saharan Africa. Current Opinion in HIV 

and AIDS 2012; online. 

6. Hamers RL, Wallis CL, Kityo C, Siwale M, Mandaliya K, Conradie F, Botes ME, Wellington 

M, Osibogun A, Sigaloff KC, Nankya I, Schuurman R, Wit FW, Stevens WS, van Vugt M, Rinke 

de Wit TF. HIV-1 drug resistance in antiretroviral-naive individuals in Sub-Saharan Africa after 

rollout of antiretroviral therapy: a multicentre observational study. Lancet Infect Dis 2011; 

11(10): 750-9. 

7. Hamers RL, Derdelinck I, Van Vugt M, Stevens W, Rinke de Wit TF, Schuurman R. The status 

of HIV-1 resistance to antiretroviral drugs in sub-Saharan Africa. Antiviral Therapy 2008; 13: 

625-639. 

8. Amoroso A, Etienne-Mesubi M, Edozien A, Mesubi OO, Guberski T. HIV-1 drug resistance in 

antiretroviral-naive patients in sub-Saharan Africa. Lancet Infect Dis. 2012; 12(8):585-586. doi: 

10.1016/S1473-3099(12)70173-1. 

9. HIV  drug  resistance:  www.who.int/hiv/topics/drugresistance/en/ [Accessed 29 September 

2014 ] 

10. Althaus LC and De Boer, R. Dynamics of immune escape during HIV/SIV infection. PLoS 

Comp. Bio.  2007; 4(7):e1000103. 

11. Bonhoeffer S and Nowak AM, Pre-existence and emergence of drug resistance in HIV-1 infec-

tion. Proc R Soc Lond B 1997; 264:631-637.  

12. Bonhoeffer S, May MR, Shaw MG and Nowak AM, Viral dynamics and drug therapy. Proc Natl 

Acad Sci USA 1997; 94:6971-6976. 

13. Ribeiro MR and Bonhoeffer S, Production of resistant HIV mutants during antiretroviral therapy. 

PNAS 2000; 97(14):7681-7686. 

14. Smith RJ and Wahl LM.  Drug resistance in an immunological model of HIV-1 infection with 

impulsive drug effects. Bull. Math. Bio.  2005; 67(4):783-813. 

15. Hamers RL, Schuurman R, Sigaloff KC, Wallis CL, Kityo C, Siwale M, Mandaliya K, Ive P, 

Botes ME, Wellington M, Osibogun A, Wit FW, van Vugt M, Stevens WS, Rinke de Wit. Effect 

of pre-treatment HIV-1 drug resistance on immunological, virological, and drug-resistance out-

comes of first-line antiretroviral treatment in sub-Saharan Africa: a multicentre cohort study. 

Lancet Infect Dis 2012; 12(4): 307-17. 

16. Sigaloff KC, Ramatsebe T, Viana R, Rinke de Wit TF, Wallis CL, Stevens WS. Accumulation 

of HIV drug resistance mutations in patients failing first-line antiretroviral treatment in South 

Africa. AIDS Res Hum Retroviruses 2012; 28(2): 171-5. 

17. Sigaloff KC, Hamers RL, Wallis CL, Kityo C, Siwale M, Ive P, Botes ME, Mandaliya K, Wel-

lington M, Osibogun A, Stevens WS, van Vugt M, Rinke de Wit TF. Unnecessary antiretroviral 

treatment switches and accumulation of HIV resistance mutations; two arguments for viral load 

monitoring in Africa. J Acquir Immune Defic Syndr 2011; 58(1): 23-31. 

18. Tshabalala M, Manasa J, Zijenah LS, Rusakaniko S, Kadzirange G, et al. Surveillance of Trans-

mitted Antiretroviral Drug Resistance among HIV-1 Infected Women Attending Antenatal Clin-

ics in Chitungwiza, Zimbabwe. PLoS ONE 2011; 6(6): e21241. doi:10.1371/jour-

nal.pone.0021241. 

19.  Hamers RL, Wallis CL, Kityo C, et al. HIV-1 drug resistance in antiretroviral naive 

http://www.rcz.ac.zw/
http://www.ncbi.nlm.nih.gov/pubmed?term=Amoroso%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22835893
http://www.ncbi.nlm.nih.gov/pubmed?term=Etienne-Mesubi%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22835893
http://www.ncbi.nlm.nih.gov/pubmed?term=Edozien%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22835893
http://www.ncbi.nlm.nih.gov/pubmed?term=Mesubi%20OO%5BAuthor%5D&cauthor=true&cauthor_uid=22835893
http://www.ncbi.nlm.nih.gov/pubmed?term=Guberski%20T%5BAuthor%5D&cauthor=true&cauthor_uid=22835893
http://www.ncbi.nlm.nih.gov/pubmed/22835893
http://www.who.int/hiv/topics/drugresistance/en/


10th Zimbabwe International Research Symposium Book of Papers Presented (ISSN: 2412-2386) 

 

Published by Research Council of Zimbabwe   

Website: www.rcz.ac.zw  831 

individuals in sub-Saharan Africa after rollout of antiretroviral therapy a multicentre observa-

tional study. Lancet Infect Dis 2011; 11:750–759. 

20.  Chimukangara B, Gwanzura L, Mitchell R, Katzenstein D, Masimirembwa C. Drug resistance 

mutations from whole blood proviral DNA among patients on antiretroviral drugs in Zimbabwe. 

Curr HIV Res. 2014:12(5):309-316. 

21. Sigaloff KC, Mandaliya K, Hamers RL, Otieno F, Jao IM, Lyagoba F, Magambo B, Kapaata A, 

Ndembi N, Rinke de Wit TF. High Prevalence of Transmitted Antiretroviral Drug Resistance 

Among Newly HIV Type 1 Diagnosed Adults in Mombasa, Kenya. AIDS Res Hum Retroviruses 

2012; 28 (9): 1033-7. 

22. Hamers RL, Kityo C, Lange JMA, Rinke de Wit TF, Mugyenyi P. The rise of    drug-resistant 

HIV in sub-Saharan Africa. BMJ 2012; 344: e4159. 

23. Starting, Monitoring & Switching HIV Treatment. www.avert.org/starting-monitoring-switch-

ing-hiv-treatment.htm  [Accessed 02 September 2014] 

24. Friedland GH, Williams A. Attaining higher goals in HIV treatment: the central importance of 

adherence. AIDS 1999; 13: S61–72. 

25. Dixit NM, Markowitz M, Ho DD, Perelson AS, Estimates of intracellular delay and average drug 

efficacy from viral load data of HIV-infected individuals under antiretroviral therapy. Antiviral 

therapy 2004; 9:237-246. 

26. Dixit NM and Perelson AS, Complex patterns of viral load decay under antiretroviral therapy: 

influence of pharmacokinetics and intracellular delay. J. Theor. Biol. 2004; 226, 95–109. 

27. Braithwaite RS, Shechter S, Roberts MS, Schaefer A.  Explaining variability in the relationship 

between antiretroviral adherence and HIV mutation accumulation. Journal of Antimicrobial 

Chemotherapy 2006; 58, 1036–1043. doi:10.1093/jac/dkl386 Braithwaite RS, Shechter S, Rob-

erts MS, Schaefer 

28. Wu H, Huang Y, Acosta EP, Rosenkranz SL, Kuritzkes DR, Eron, JJ, Perelson AS, Gerber JG 

Modeling long-term HIV dynamics and antiretroviral response: effects of drug pharmacokinet-

ics, adherence, and drug resistance. J. Acquir. Immune Defic. Syndr. 2005; 39: 272–283. 

29. Bangsberg DR, Porco TC, Kagay C et al. Modeling the HIV protease inhibitor adherence-re-

sistance curve by use of empirically derived estimates. J Infect Dis 2004; 190: 162–5. 

30. Brännström Å, Johansson J and von Festenberge N. The Hitchhiker's guide to adaptive evolu-

tionary dynamics. Game 2013; 4: 304-328. 

31. Alexander HK, and Bonhoeffer S, Preexistence and emergence of drug resistance in a general-

ized model of intra-host viral dynamics. Epidemics 2012; 4: 187-202. 

32. Shiri T and Welte A, Transient antiretroviral therapy selecting for common HIV-1 mutations 

substantially accelerates the appearence of rare mutations. Theoretical Biology and Medical 

Modelling 2008; 5:25 doi:10.1186/1742-4682-5-25. 

33. Alizon S and van Baalen M, Emergence of a convex trade-off between transmission and viru-

lence. Am. Nat. 2005; 165(6):E155-67. 

34. Geritz SAH, Kisdi E, Meszena G, and Metz JAJ. Evolutionarily singular strategies and the adap-

tive growth and branching of an evolutionary tree. Evolutionary ecology 1998; 12: 35-57. 

35. Bangsberg DR, Charlebois ED, Grant RM et. Al.  High Levels of Adherence Do Not Prevent 

Accumulation of HIV Drug Resistance Mutations. AIDS 2003; 17:1925–1932 

36. Luo, R., Piovoso, M.J., Martinez-Picado, J. and Zurakowski, R. Optimal antiviral switching to 

minimize resistence risk in HIV therapy. Plos One 2011: 6(11):e27047 

http://www.rcz.ac.zw/
http://www.avert.org/starting-monitoring-switching-hiv-treatment.htm
http://www.avert.org/starting-monitoring-switching-hiv-treatment.htm


10th Zimbabwe International Research Symposium Book of Papers Presented (ISSN: 2412-2386) 

 

Published by Research Council of Zimbabwe   

Website: www.rcz.ac.zw  832 

67. Self-Efficacy in Clinical Practice amongst Diagnostic Radiography Students at 

University Of Zimbabwe 

Khumbula Lyman Maitireazvo, Majonga Edith                                                                  

lymancan@gmail.com, edithmajonga@gmail.com,                                                                                      

0772 346 981, 0776 296 357                                                                                                       

University Of Zimbabwe – College Of Health Sciences 

ABSTRACT 

Clinical competence is an essential aspect of the radiography training course. Self-efficacy is the belief 

that an individual has about their capacity to execute a task successfully. A student’s self-efficacy (SE) 

affects his or her ability to successfully perform the clinical tasks. This study examined the level of self-

efficacy of students in their clinical attachments.  Under investigation were the factors that affect 

student’s self-efficacy. The research sought to determine the relationship between self-efficacy and year 

of study. A cross-sectional design was used in a sample of 34 student radiographers. The research tool 

was an aggregated instrument comprising of two instruments including: the radiography efficacious 

scale (RES) and the General Self-efficacy Scale (GSES). Data analysis was done using SPSS version 

16. Of the participants 20.59% had high levels of clinical S.E whilst 23.53% had low levels of clinical 

S.E. There was no statistically significant relationship between level of self-efficacy and year of study 

(r=0.186, p=0.291).  Mastery experience was the factor that mostly influenced the student’s S.E. Most 

students have below high levels of self-efficacy. Authorities and supervisors must create situations that 

are rich in mastery experiences such that student’s S.E rises. Research is needed in conducting a similar 

study comprising a bigger sample. This is the first study investigating levels of self-efficacy amongst 

diagnostic radiography in Zimbabwe. 

Keywords: Clinical self-efficacy, radiography students,  

1. INTRODUCTION 

Radiography is a fast growing profession in Zimbabwe. This is evidenced by an increase in the number 

of students enrolling and qualifying for the profession every year. Education avails humans with desired 

skills which enable them to perform required tasks effectively (Mbathia, 2005) (1). The educational 

process of radiography students is characterized by clinical attachments which are an essential 

component of the degree. Students spend at least 36 weeks in clinical attachment during their four year 

programme. It is known that clinical attachments enhances undergraduate student learning in medical 

imaging, also it gives the platform to develop a contextual appreciation of knowledge (Smith, 2010) (2). 

The purpose of the clinical attachments is to improve the application of theory in the clinical setting, 

allowing the acquisition of more complex clinical aspects and also encouraging graduate readiness.  

Clinical learning is evaluated through practical assessments in which the student is expected to pass. 

Assessments are performed by qualified radiographers who supervise the students in the clinical setting. 

Despite such progress exams, it is possible for the undergraduate course to be completed with some 

critical skills under-developed. Consequently, valid instruments of establishing whether students are 

equipped with necessary attributes should be considered.  

At University of Zimbabwe radiography students (ref GAR) (3) are expected to undertake clinical 

practice during training. The practice consists of a series of attachments to imaging departments which 

are selected and approved by the university. 
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Bandura’s self-efficacy construct is well established in psychology and social cognitive theory. In the 

literature the theory has explained how human beings develop new skills and overcome challenges 

(Bandura, 1997) (4). During the learning process students ought to attain skills which will give them the 

ability to serve up to standard in the health profession. Self-Efficacy (S.E) boosts the student 

radiographers’ confidence in performing their clinical practice. It reflects the eagerness to learn and 

tackle new challenges. Student radiographers must possess certain abilities to progress in their clinical 

training; these skills are assessed periodically by qualified radiographers at the various selected and 

approved imaging centers. 

All employers require competent radiographers for employment. However, there have been complaints 

from the employers that some University of Zimbabwe (U.Z) graduates qualify at the end of the four 

years whilst some certain abilities are underdeveloped. Hutchins (2004) (5) posits that the student’s 

ability to acquire skills and competencies is linked to his or her self-efficacy. Self-efficacy (S.E) has 

never been investigated as a means of boosting the acquisition of clinical competences among student 

radiographers at the University of Zimbabwe. However, an almost similar study was conducted in the 

United Kingdom, the authors didn’t conclude weather students make steady progress throughout their 

radiography training. 

2. OBJECTIVES:  

The study is guided by the following objectives: 

1. To measure the level of self-efficacy among radiography students.  

2. To investigate factors which influence self-efficacy among radiography students. 

3. To identify the relationship between year of study and level of self-efficacy. 

3. METHODOLOGY 

A descriptive cross-sectional survey was done to determine the level of self-efficacy amongst student 

radiographers at the University of Zimbabwe. The study was done at the College of Health Sciences 

(C.H.S) in Harare. C.H.S is a subsidiary of the University of Zimbabwe where health professional 

students take their classes and practical learning. The study population consisted of all student 

radiographers in 3rd and 4th year at the time the study was conducted. First and second year studies are 

mainly concerned with radiography theoretical principles and introduction to clinical practice. As a 

result in this current study they didn’t participate as they had not had enough clinical experience to rate 

themselves. The diploma students participated in the pilot study.  Since the total number of student 

radiographers from 3rd and 4th years was 34, all of them were included in the study. The sample was 

grouped into categories: 3rd year= 16 students and 4th year = 18students.  Cluster sampling was done 

since the population was relatively small and easily accessible to the researcher. Thirty four 

questionnaires were distributed; all of them were returned giving a response rate of 100%. Permission 

to carry out the study was sought and approved by the Dean of Students at the University of Zimbabwe. 

The data was collected in one month, before the questionnaire was distributed to the students; a subject 

consent form including the aim of the study and the researchers contact details was distributed. Data 

was collected using a self-administered questionnaire, which was opposed to the via mail which 

Kitching et al (2011) (6) used amongst student radiographers in the United Kingdom. Several published 

self-efficacy research utilized the paper-based questionnaires and yielded good responses and none 

reported any challenges during data collection. The respondents completed out the questionnaire at most 

fifteen minutes.  
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After completion the students were asked to return the questionnaire directly to the researcher (the 

researcher was also a student at the time the data was collected). The tool was only composed of close-

ended questions. Participants were also asked to provide demographical data on age, gender and year of 

study. The Questionnaire administered to the participants comprised of a 6-point Likert scale on Student 

Radiographer Efficacious Scale (SRES) with the following descriptors: strongly disagree, disagree, 

slightly disagree, slightly agree, agree, and strongly agree. Another section had a 4-point Likert scale on 

General Self-efficacy scale (GSES), with subscales not at all true, hardly true, moderately true and 

exactly true. The students were given the instruction to rate themselves. In addition to the scales the 

respondents were required to indicate their age, gender and the year of study they belong to. 

The research instrument was constructed and used in the United Kingdom Universities by four personnel 

in 2011. Jonathan Kitching, Simon Cassidy, Peter Eachus and Peter Hogg. The general self-efficacy 

scale was sourced from Shwarzer & Jerusalem, (1995) (7). 

Each of the items comprising the tool assessed a different skill that is a requirement of a radiography 

student doing their undergrad in the clinical attachment. To assess factors affecting self-efficacy the 

following questions were used  

i) I’m highly motivated to attempt a task which my fellow completes successfully. This state-

ment assessed vicarious experience.  

ii) I tackle a challenging procedure if I’m encouraged verbally. The statement assessed verbal 

persuasion. 

iii) I can always manage to solve difficult problems if I try hard enough. In a bid to address 

mastery experience the statement was utilized. 

iv) If someone opposes me, I can find means and ways to get what I want. This statement was 

used to assess verbal motivation. 

v) When I am confronted with a problem, I can usually find several solutions. Emotional arousal 

was assessed using this statement. 

General Self-efficacy Scale (GSE): it was developed by Mathias Jerusalem and Rolf Schwarzer in 1979 

and was later revised to 27 languages. The construct is a reflection of personal beliefs of how they will 

perform if faced with a difficult task and hence relevant for clinical practice. It comprised of 10 items. 

Following the design of questionnaires, a pilot study was conducted with a smaller sample of diploma 

students at the school of radiography in Harare. It was found that the instrument was comprehensible to 

the participants and no challenges were encountered during the process.   

After the questionnaires were collected from the participants coding was done. All collected data was 

fed into a quantitative form after converting them into numerical scores. Responses of the questions that 

were negatively worded (for example “I lack confidence”, “I strive”) for scoring purposes were reversed 

in a bid to make them unidirectional. This was performed using version 16 software packages for SPSS 

(Statistical Package for the Social Scientists) which was used to analyze data. Descriptive statistics 

utilized were means, on the other hand linear regression analysis and Spearman’s correlations were used 

to find the relationship between year of study and self-efficacy. Levels of self-efficacy were classified 

into three, low level ranged from a score 33 to 44, 45 to 56 was regarded as the medium level and the 

high S.E level was from 57 to 68 on the radiography efficacy scale. The levels were arrived at by dividing 

the score range into three categories.  
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This was derived at by awarding 6 marks to a strongly agree response and 1 marks for a strongly 

disagree. The scales adopted in this present study were borrowed and modified to suit the student’s 

clinical experiences at the University of Zimbabwe. The research involved human participants who were 

susceptible to harm, therefore ethical approval of the intended study was obtained from the Joint 

Research Ethics Committee (JREC) of the University.  

4. RESULTS  

Of the participants 62% were in the age range of 20- 22 years. 23.44 years was the mean age and the 

mode age was 22 years. Participant’s age range was 20- 39 years. Amongst the 3rd year respondents 31% 

were males and 69% female. Of the 4th year participants 44% were male whilst the females were 56%. 

It can be seen that the majority of the participants were female. The overall response rate was 100%. 

The 4th year students had the highest contribution to the sample (52.9%). The 3rd years made up 47.1% 

of the participants. The student radiographer’s responses ranged from 33 to 68 in the SRES. 23.53% fell 

in the low range, 55.88% in the medium level whilst 20.59% showed high level of self-efficacy.  

 

Figure 1 levels of self-efficacy of the participants. 
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Figure 2 mastery experience 

Majority of the respondents responded positively to being influenced by mastery experience comprising 

93.8 % 3rd year and 94.4% 4th year. From the factors that affect self-efficacy Mastery experience is the 

factor that is statically significant. 

Table 1 Mastery experience  

Variable  Regression co-

efficient 

p value C. Interval (95%) 

Age -.065 0.015 -.116 - -.014 

Study year  0.495 0.027 .060 – 0.930 

To determine the relationship between year of study and self-efficacy, Spearman’s correlation test was 

performed.  

The result of the analysis showed that there is no correlation between self-efficacy and year of study. 

Spearman’s rho=0.186; p=0.291 for radiography self-efficacy. 

5. DISCUSSION 

In this cross-sectional study, most students had moderate to high levels of self-efficacy in clinical 

radiography practice. The ones with high level of self-efficacy will therefore make high quality clinical 

decisions. These decisions they make will aid in providing standard diagnostic services to the patients. 

In face of difficult situations in practice the students are most inclined to persist until they achieve the 

assigned task. It is predictable that the students inject more energy so as to perform the clinical tasks 

successfully. Opaic (2003) (9) came up with the suggestion that that Self-efficacy is a significant 

predictor of student’s clinical performance in the study he carried amongst student clinicians. A low 

level of self-efficacy means that the student views the clinical tasks as intimidating and hence it takes 

long for them to be involved in the radiological team, this has the consequence of delaying the rate of 

acquiring skills.  

0

10

20

30

40

50

60

70

80

not at all true
hardly true

moderately
true exactly true

P
ER

C
EN

TA
G

E

MASTERY EXPERIENCE

3rd year

4th year

http://www.rcz.ac.zw/


10th Zimbabwe International Research Symposium Book of Papers Presented (ISSN: 2412-2386) 

 

Published by Research Council of Zimbabwe   

Website: www.rcz.ac.zw  837 

Several factors including anxiety, unpreparedness and lack of experience might lower the S.E levels. In 

an almost a similar study carried out in Sweden the S.E levels were seen to be in the high range. Safaris 

& Malliarou (2013) (10) realized a medium level of self-efficacy amongst nursing students in Greece.  

Although low self-efficacy scores give cause for concern, it is not surprising given past research. This 

implies that most of these students if they qualify before their S.E beliefs are not increased; they might 

not meet the required skill performance when they get employed. In line with Gibson (2001) (11), self-

efficacy level is directly proportional to performance, a low efficacy level is related to a weak 

performance. Conclusively this suggests that if they qualify without their S.E increased the chances are 

high that they won’t perform some certain tasks competently. S.E levels can be improved by increasing 

the student understanding of the S.E frame-work. 

Amongst the radiography students, all four of the sources of S.E predicted the clinical efficacy, which 

was consistent with findings reported in previous studies (Usher & Pajares, 2006) (12). This implies that 

all the four major sources of S.E are predictors of students radiographer’s clinical Self-efficacy. The 

results confirm that the students are mostly affected by the mastery experience. Enactive mastery is 

often gained from one self’s skill and energy input and personal experiences. For example, a student 

might be shown the steps of performing a procedure once or twice, a sense of confidence is built but 

however it is reinforced when the individual successfully completes the same task on their own. This is 

similar to what Dawes, Horan & Hackett (2000) (13) findings in which they saw enactive mastery as 

the most powerful source of self-efficacy.  

In radiography clinical practice experiences of success are most likely effective means of producing 

competent radiographers.  However, S.E levels are low in students who avoid to perform tasks if they 

fear harming the patient or making a mistake and forgetting to give a procedural instruction. This will 

reduce mastery experiences that the student experiences as the student prefers observing that to actually 

have hands on experience. Students who perform well on clinical exams are most likely to have a strong 

sense of capability in their clinical abilities. Students who are efficacious are better equipped to educate 

themselves when they depend on their own initiatives (Bandura, 1986 p417) (14). 

Second to mastery experience was vicarious experience. 89% of the respondents agreed to being affected 

by vicarious experience. Evidence is drawn from studies which had similar outcomes by Schunk & 

Hanson (1989) (15) and Zimmerman & Kitsantis (2002) (16). The students in the 3rd year had a lower 

percentage as compared to the 4th years; this was congruent to what Bandura found out. He said the 

younger students may be less aware of various vicarious influences than the older students, or they tend 

to respond differently to fellow students than to adult models (Bandura, 2007) (17). In most instances 

when the model shares similar characteristics such as gender or age as the learner, the strength of the 

vicarious observation is increased. Theory suggests that if an individual is placed in an unfamiliar 

environment in which they are unable to perform a task they have no experience about, observing others 

of similar ability completing the task without much struggle this however possibly generated S.E in the 

observer. This finding possibly means if one student in a particular clinical attachment group has high 

average self-efficacy level it will be sort of contagious which results in a boost in the S.E beliefs of 

struggling students. Students that are exposed to model individuals who are perceived to be competent 

in the radiography skill feel more capable of performing their own tasks. Marsh et al (2008) (18) 

suggested that immediate social models play a big role in raising or lowering observers S.E. Quality of 

supervision also plays a role in building S.E levels of radiography students.  
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In addition, verbal persuasions were predictive of student’s clinical self-efficacy. Students are usually 

apt to depend on persuasions from others due to their lack of skill at making independent judgments of 

task demands (Bandura, 1997) (4). Verbal persuasion in this study is thought to have resulted from either 

other students or from supervisors. Supervisors who provide positive verbal motivation are most likely 

to enhance student’s self-efficacy in the clinical setting. The radiography students under study are 

capable of recalling the positive persuasions which in turn will encourage and strengthen them when 

faced with difficult tasks in their clinical.   

Emotional arousal plays a role in the self-efficacy status of the radiography students. From the findings 

most of the students have their S.E gauges by the emotional state they experience when performing a 

task. If anxiety and stress levels are high the performance is weakened. Similarly Chowdry, Endreas & 

Lanis (2002) (19) discovered that the emotional arousal to be the weakest of the four sources of S.E.  

The present study indicates that the clinical environment in which students are attached should enhance 

self-efficacy amongst the students. A student may have completed core knowledge principles but lack 

of the factors like mastery experience in the clinical setting results in poor performance. This especially 

concerns the supervisors who must create situations that are high in sources of S.E. this will help the 

students in increasing their clinical success. In a bid to cultivate S.E beliefs in students educators must 

understand and know how best to develop them. 

The findings suggest that there is no correlation between year of study and self-efficacy. Being in senior 

year might indicate that the student has achieved better or more expertise in the clinical area. But in this 

study there was no relationship between year of study and self-efficacy level. In the researcher opinion, 

this might have been so because the survey was generally focused on general radiography which clinical 

practice began in 2nd year. As a result both study year students had received almost similar clinical 

experience regarding general radiography. The 3rd year of study is mostly concerned with special 

procedures on the other hand the 4th year is concerned with Computed Tomography and Magnetic 

Resonance Imaging. However there was a small difference between the mean scores, this could be 

explained by the clinical exposure and the increased theoretical knowledge and clinical experience that 

the fourth year students have over the 3rd years. This brings us to the point that as radiography student 

proceeds with study there is no significant increase in Self-efficacy. Consequently the level of S.E the 

student has when in 3rd year will not change much when they enter 4th year. This is in contrast to a study 

carried out amongst radiography students in the U.K by Kitchmnan et al (2011) (6). In his findings there 

was a significant difference between students in different years of study. In a study conducted by Lim 

& Downie (2004) (20) amongst nursing students (n=196) it was revealed that 4th year students had higher 

self-efficacy than 1st year students. 

 Also, Stanley & Pollard (2013) (21) found out amongst nurses that there was a significant relationship 

between years of experience in the clinical environment and knowledge. On the other hand they 

discovered that there was no correlation between level of knowledge and clinical S.E. In the current 

study, even though the 4th year students are perceived to have more knowledge and clinical experience 

they didn’t exhibit much difference in S.E than the 3rd year students. This brings us to say level of clinical 

efficacy is an internal trait regardless of the year of study or amount of clinical experience.  

Pajares (2007) (22) posits that students have different S.E levels because they are in different 

environments, considering the current study there was no significant difference between the two study 

years possibly because the students are attached in the same departments with similar supervisors and 

http://www.rcz.ac.zw/


10th Zimbabwe International Research Symposium Book of Papers Presented (ISSN: 2412-2386) 

 

Published by Research Council of Zimbabwe   

Website: www.rcz.ac.zw  839 

machines. Pajares goes on to say students are said to have different levels of self-efficacy not because 

of their years of study but because they have unique experiences in life and hence interpret situations 

differently. This finding can also be attributed in part to the small sample size employed in the study. 

Gelman & Lloyd (2008) (23) wrote that students who have been to one attachment equally anxious with 

those that are attending their first. Contrary to the findings, the idea of mastery experience also suggests 

that  a person who has experience in a certain field is more inclined to have feelings of self-belief that 

are higher due to the time spent practicing and perfecting necessary skills. 

Study strength and limitations 

The current study is unique in the sense that it is the first of its kind to be carried on diagnostic 

radiography students at the University of Zimbabwe. However, the study had several limitations, one of 

which was the small sample size. Population in this current study departed from the range that other 

self-efficacy researchers employed which were mostly above 100 individuals. The participants involved 

were all those in their 3rd and 4th years of study. The sample could have been expanded by involving U.Z 

2nd year and diploma students at the Parirenyatwa Group of Hospitals. This would have yielded a more 

even distribution of gender and year of study. The respondents included represented a narrow range of 

demographics. However the diploma students participated in the pilot study whilst the 2nd year students 

had not met the number of clinical hours required to participate. Qualitative data could have enhanced 

the process of eliciting the student’s thoughts and opinions (Mattern, 2005) (24). The use of a focus 

group with representatives of the sample would have provided greater depth of information concerning 

the clinical skills. From the discussions of the focus group the researcher would further evaluate the 

participant’s knowledge and attitudes and in some way it would pave way in the identification of further 

recommendations to enhance the study findings. Also eliciting feedback from the clinical supervisors 

might have influenced the outcome of the study.  

CONCLUSIONS AND RECOMMENDATIONS 

Generally most of the students in the radiography course have medium to low levels of self-efficacy.  

Students who have a high sense of S.E beliefs tend to outperform the anticipated expectations, on the 

other hand those with a low sense often fail to achieve their true potentials.  

Although various factors influence the students in their clinical training, mastery experience is the most 

powerful. Vicarious experience and verbal motivation follow after mastery experience. Emotional 

arousal was the weakest of the four factors affecting the students.   

There is no significant relationship between year of study and self-efficacy. It is evident that as students’ 

progress through their studies there is no significant increase in their self-efficacy beliefs.  

RECOMMENDATIONS  

Further studies could be carried using a bigger sample size. Obtained S.E measures from these surveys 

will then pave way for formative feedback to students as they proceed through the radiography program, 

rendering guidance towards learning experiences which might boost their self-efficacy beliefs for 

performance of certain critical skills. The results will then be used by the faculty staff to direct attention 

to areas where educational changes which will benefit the students. 

Future researchers should design measures that take into account changes that occur amongst students 

at the beginning and at the end of a semester and hence collecting data more than once.  
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These changes involve the student’s evolving perceptions of the clinical environment and the various 

factors that enhance them. Considering the evolution will allow the researcher to widen their 

understanding of the factors that account for the changes in student’s clinical self-efficacy throughout 

their period of training. 

There is need to assess the contribution of the sources of self-efficacy as a function of gender would 

improve the weight that males and females in the clinical environment on each informational source. 

Interventions would be done in an effective manner. 

It is of great importance to consider other environmental and contextual variables that were not taken 

into account here such as the supervisor attitudes and working hours. Students should be encouraged to 

apply clinical skills across the field, to reinforce and strengthen their knowledge, which in turn will 

enhance self-efficacy. 
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ABSTRACT 

The policy prescribed in the Zimbabwe Agenda for Sustainable Economic Transformation (ZIMASET) 

specifically requires that policy makers engage evidence based decision making approaches so that 

efficiency and cost-effectiveness performance indicators can be realized. Elsewhere, efficient and 

effective utilisation of valuable radiology resources have been realised through an understanding of 

capacity and demand utilisation indicators. However, there is limited local research in radiology capacity 

and demand. The objective of this study was to map and analyse the plain x-ray radiology patient care 

pathway for a radiology department in Bulawayo, Zimbabwe through a non-participatory operations 

research approach. The demand for radiology services reflected a significant net positive growth while 

capacity had a net negative growth. Queues and long waiting times allowed the department to appear 

busy and under resourced yet generally, capacity surpassed demand. It is recommended that the research 

site focus its efforts in reducing the variation mismatches in capacity and demand.  

Keywords: radiology, efficiency, cost-effectiveness, indicators 

1.0 BACKGROUND 

Global trends show that there is a general increase in the demand for diagnostic radiology services (1-

4). This increase in the demand for radiology services has been associated with increased health care 

expenditure (5). While the need to optimise radiology patient care pathways is not a new concept (1-

16), a survey conducted at this research site in Zimbabwe revealed a significant number of inappropriate 

radiology examinations (1). Elsewhere, western countries are shifting the health care industry from a 

public to (semi) private industry in an effort to better manage the stochastic nature of the demand for 

health care services and long term equipment investments (5,14). This policy shift requires that 

departments engage evidence based decision making approaches thereby enhancing efficiency and cost-

effective performance indicators (5-16). However, there is limited local research towards optimisation 

of radiology services particularly with respect to diagnostic radiology capacity and demand in respect 

of patient care pathways in Zimbabwe (1). 

The Zimbabwe Ministry of Health and Child Welfare’s (ZMHCW) operations have been governed by 

its National Health Strategy (NHS) which was a five year policy (18). In this NHS which expired on 

31st December 2013 the ministry alludes to challenges that relate to matching capacity and demand for 

radiology services. It is not surprising then that recently the Zimbabwe government refocused its 

approach on managing resources. The new policy called Zimbabwe Agenda for Sustainable Socio-

Economic Transformation (Zim Asset) challenges policy makers to engage evidence based decision 

making tools that optimise utilisation of resources (19). In this regard, this study could not have come 

at a better time because it offers an opportunity to review the uptake of this policy by mapping and 

analysing the plain x-ray radiology patient care pathway for the research site. 
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The National Health Services (NHS) Institute for Innovation and Improvement for the United Kingdom 

explains that mapping and analysing patient care pathway requires identification of bottlenecks and 

constraints in the patient care pathway (6). It further defines bottlenecks as that task with the smallest 

capacity relative to the demand on the patient care pathway. This definition gives rise to two different 

types of bottlenecks which were encountered at the research site: process bottleneck and functional 

bottleneck. A process bottleneck is a stage in the patient care pathway that took the longest time to 

complete and was therefore a rate limiting step whereas a functional bottleneck is a step in the patient 

care pathway that had to cope with demand from several departments (6-16).  

This consideration allowed the researcher to introduce demand to capacity ratio as a measure of 

matching level. The researcher considered a perfectly matched management system as that where the 

ratio of demand to capacity was equal to one. In this regard, the sample mean for any stage of the process 

could be significantly greater, significantly less or demonstrate an insignificant difference from this 

ratio. The criterion for statistical significance was a p-value less than 0.05. In this regard, the researcher 

was informed by literature for designing the methodology to map and analyse radiology patient care 

pathway for the research site.  

2.0 OBJECTIVES 

The object of this study was to establish the capacity and demand for diagnostic radiology services at 

the research site in order to make recommendations for the optimisation of existing radiology capacity.   

3.0 METHODOLOGY 

The study was conducted in a radiology department which was part of a large central hospital in 

Bulawayo city in Zimbabwe. The radiology department was responsible, among other services, for 

providing plain-film imaging for outpatients (OPs), private patients (PPs) and inpatients (IPs) and 

consisted of three general radiography rooms. To understand the research site’s patient pathway a period 

of non participatory observation and informal interviews with radiology personnel was undertaken to 

aid the study design. This was particularly important in conceptualising the scope of the study (13). 

A structured data collection instrument was designed by the researcher drawing on literature. The 

instrument was refined using relevant form fields identified in patient registers for the research site and 

was informed by the patient administrative protocols for the research site. The instrument was piloted 

to map the plain x-ray radiology patient care pathway from the time the patient arrived at the radiology 

department to the time the patient was dismissed from the radiology department (the scope).  The 

instrument was applied to establish the number of steps in the radiology patient care pathway and the 

average time taken for each step (task time). The average time between consecutive steps (waiting time) 

and the average time between the first and last step was also measured. Through this process, the 

researcher identified steps where the patient had to queue, where there were waiting lists and how many 

times the patient was passed from one person to another (hand-off).  

 Annual demand, defined as all radiology referrals coming in from all sources to the bottleneck step, 

was measured at the identified step by multiplying the patient nummbers by the time in years it took to 

handle a patient at each bottleneck step (6-16). As an example, in 2006, 6866 patients were attended to 

taking an average of 8 minutes on each patient.  In this case demand was 6866 patients per year times 8 

minutes per patient. Capacity, defined as the resources available to do work at the bottleneck step, 

included all equipment and staff hours available to care for patients.  
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As an example for 2006, equipment capacity was, measured at the bottleneck step by multiplying the 

number of pieces of equipment (3 x-ray machines times the time available to personnel with the 

necessary competencies (6.5 hrs per day). In order to ensure consistency and comparability, demand and 

capacity were both measured in the same units (years) for the same period of time (per year). These 

calculations were done using the Statistical Package for Social Sciences (Version 21). 

Data collection did not involve any biographic details of patients and neither did it involve human 

participants (20). The researcher measured the duration of consecutive steps in the patient care pathway 

as a non participant observer and without interfering with the routine management of patients. The 

subject was therefore approached strictly from an operations research approach that did not interrupt the 

patient management.  

4.0 RESULTS 

At the time of this research the research site had one general radiography x-ray machine working out of 

a total of three. The staffing level was six radiographers (3 radiographers per session), two darkroom 

technicians, one clerk and there was no resident radiologist. It was established that when an outpatient 

arrives at the radiology department reception area, the patient is in the first instance given a reference 

code for the requested examination. The process itself took no more than half a minute but patients 

generally had to wait an average of five minutes for their turn as there was generally a four patient queue 

at any given time.  The patients would then on average take five minutes to reach the accounts 

department, located away from the radiology department, from which a quotation for the examination 

was given. This accounts department served the entire hospital and there was generally a 10 patient 

queue at any given time. The patient would on average wait for 12 minutes for his/her turn. There was 

an alternative cashier at the radiology department such that there were two personnel serving this queue. 

Service time was on average 2 minutes. Out of a 121 patients observed, 108 were able to pay and proceed 

back to radiology reception area to register for a radiology examination. The financial process took a 

total of 29.5 minutes rounded to 30 minutes on average. Upon arrival at the radiology reception 

bottleneck, the patient would join the queue and await his/her turn for an average 5 minutes followed 

by service time that averaged one minute. After the registration process, the patient would then join the 

queue in the waiting area for an average 15 minutes. An average 8 minutes was taken conducting the 

examination followed by 6 minutes waiting time and half a minute (rounded to 1 minute) dismissal time. 

Table 1 is an illustration of a process template describing the outpatient process in terms of what happens 

to one patient at one point in time in the radiology department. 
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Table 1. Process template for a radiology outpatient  

Step Notes Type of Bottleneck Time in minutes 

Patient pays for 

examination 

Two pay points available 

at any given time. 

Functional 30 

Patient is registered 

for examination 

One clerk available at any 

given time. 

Functional 6 

Patient is waiting to 

be radio-graphed 

Three radiographers 

available every time. 

Process 15 

Patient is examined Currently, one x-ray 

machine for 3 

radiographers 

Functional 8 

Radiograph is being 

processed 

One processor and one 

darkroom technician 

Functional 6 

Dismissal Patient given results and 

dismissed 

Process 1 

Table 2. Calculated yearly demand, capacity and Demand/capacity ratio (DCR) 

 Year 

2006 2007 2008 2009 2010 2011 2012 2013 

 

Number of patients 7553 8467 17359 11868 19643 10943 15490 10808 

Accounts Demand 0.43¥ 0.48¥ 0.99¥ 0.68¥ 1.12¥ 0.63¥ 0.89¥ 0.62¥ 

Capacity 0.38 0.38 0.38 0.38 0.38 0.38 0.38 0.38 

DCR  1.13 1.26 2.61 1.78 2.94 1.66 2.34 1.63 

Registration Demand 0.09 0.10 0.20¥ 0.14 0.22¥ 0.13 0.18 0.12 

Capacity 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 

DCR 0.47 0.53 1.05 0.74 1.16 0.68 0.95 0.63 

Number of patients 6866 7697 15781 10789 17857 9948 14082 9825 

Waiting Demand 0.20 0.22 0.45 0.31 0.51 0.28 0.40 0.28 

Capacity 4.55 4.55 4.55 4.55 4.55 4.55 4.55 4.55 

DCR 0.04 0.05 0.10 0.07 0.11 0.06 0.09 0.06 

Examination Demand 0.10 0.12 0.24 0.16 0.27 0.15 0.21¥ 0.15 

Capacity 0.57 0.57 0.38 0.38 0.38 0.38 0.19 0.19 

DCR 0.18 0.21 0.63 0.42 0.71 0.39 1.11 0.79 

Image 

processing 

Demand 0.08 0.09 0.18 0.12 0.20¥ 0.11 0.16 0.11 

Capacity 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 

DCR 0.42 0.47 0.95 0.63 1.05 0.58 0.84 0.58 

¥Denotes central tendency of demand greater than that of capacity 

In order to apply the test for statistical significance on the demand/capacity ratio (DCR) the distribution 

of the data set was tested for normalcy (Table 3.). The significance tests results are shown in table 4. 
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Table 3.0 Nonparametric hypothesis Tests for normalcy of the distribution 

(Significance level is 0.05) 

 Null hypothesis Test Sig. Decision 

1 The distribution of accounts data 

is normal with mean 1.919 and 

standard deviation 0.65. 

One-sample 

Kolmogorov-Smirnov 

Test 

0.872 Retain the null 

hypothesis. 

2 The distribution of registration 

data is normal with mean 0.776 

and standard deviation 0.25. 

One-sample 

Kolmogorov-Smirnov 

Test 

0.953 Retain the null 

hypothesis. 

3 The distribution of waiting time 

data is normal with mean 0.072 

and standard deviation 0.02. 

One-sample 

Kolmogorov-Smirnov 

Test 

0.930 Retain the null 

hypothesis. 

4 The distribution of Examination 

time data is normal with mean 

0.656 and standard deviation 0.38. 

One-sample 

Kolmogorov-Smirnov 

Test 

0.999 Retain the null 

hypothesis. 

5 The distribution of radiograph 

processing time data is normal 

with mean 0.690 and standard 

deviation 0.23. 

One-sample 

Kolmogorov-Smirnov 

Test 

0.799 Retain the null 

hypothesis. 
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Table 4.0 Significance test for the demand/capacity ratio (DCR) 

 Test Value = 1.00 

T df Sig. (2-tailed) Mean 

Difference 

95% Confidence Interval of 

the Difference 

Lower Upper 

Accounts  

[DCR =1.9+/-2] 

4.021 7 .005 .93 .38 1.46 

Registration  

[DCR =0.77+/-

0.09] 

-2.528 7 .039 -.22 -.43 -.014 

Examination 

 [DCR=0.7+/-0.1] 

-2.531 7 .039 -.34 -.66 -.023 

Waiting  

[DCR=0.073+/-

0.009] 

-105.236 7 .000 -.93 -.95 -.907 

Processing 

 [DCR=0.69+/-

0.08] 

-3.820 7 .007 -.31 -.50 -.118 

5.0 DISCUSSION 

The radiology examinations demand for the research site increased significantly from 2006 through to 

2010 where there was a marked peak in the demand. This was accompanied by a decrease in capacity 

over the same period. The peak in 2010 corresponds to the period following dollarization of the 

Zimbabwean economy and therefore the turning point in the economic status of citizens. The demand 

to capacity ratio was normally distributed across the radiology patient care pathway thereby clearing the 

way for the application of the test statistic. With respect to accounts, the expected value was outside the 

error margins of the mean with p-value equal to 0.005 Sig. This gave enough statistical evidence to 

conclude that the sample mean was significantly different from expectation (p=0.005 Sig.). The positive 

T-value denotes that the sample mean was greater than the expected mean which in essence means that 

the demand was greater than the capacity. The observed queues at the accounts section were therefore 

consistent with statistical evidence. On the contrary, the observed T-value together with the p-values  for 

the clerk desk, waiting area, examination and image processing (p=0.039, 0.039, 0.000 and 0.007 Sig. 

respectively) were less than zero and 0.05 respectively, denoting that the sample mean was significantly 

less than expectation which in essence means that demand was significantly less than the capacity. 

Occurrence of queues in such an environment may mean that demand was not promptly dealt with 

thereby resulting in a backlog (6).  
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Consistent with literature, it was observed that when the department started work, patients were already 

waiting. The queues would also build up during tea break and lunch time. Because the capacity of the 

radiology department generally surpassed demand, it can be concluded that these queues were as a result 

of a mismatch between variation in demand and capacity at specific times. This may mean that the right 

people were not always available to deal with the demand in a timely manner (6-16).  

Every time demand exceeded capacity, a queue resulted and it was subsequently carried forward. 

However, every time the capacity exceeded the demand, the extra capacity was either lost in the fixed 

session or was filled from the backlog and hence the observed intermittent queues.  

The results of this study further show that the capacity of plain radiography examination rooms has 

remained generally higher than the demand for plain radiology services from 2006 through 2013 except 

for 2012. This is despite the report by the Ministry of Health and Child welfare (18) in which concerns 

are raised regarding the capacity of radiology resources. The observed waiting time for radiology ex-

amination of 15 minutes is consistent with literature where it was cited as the source of patient dissatis-

faction (13). Approaches aimed at remedying these waiting times (6-16) are therefore recommended for 

this research site. This study took account of the variability of activity time as an indicator of demand 

by averaging activity time based on the variability of patients, personnel proficiency and examinations 

at the research site. This approach compensated for the fact that activity time varies depending on vari-

ables such as co-operation of the patient, age of the patient, the radiographer and referring location. 

Furthermore, the research focus was general radiography patients and therefore the observed patients 

placed similar demands on departmental resources.  

This study gathered data on the number of patients and not the number of examinations which could 

provide a more accurate estimate of activity and therefore demand. Although radiographers were as-

sumed to be interchangeable, the use of activity time gathered in one year, as a basis for calculations for 

all the years, introduced cohort errors. The study did not include demand encountered outside normal 

working hours and the data set did not provide the ability to determine whether a drop in demand for 

the research site was picked up by other providers in the same market. 

6.0 CONCLUSSIONS 

The observed queues and waiting times allowed the steps in the radiology patient care pathway to appear 

busy and in need of more resources yet in actual fact most steps had capacity that surpassed demand. 

Inconsistent growth between demand and capacity signals that, beginning with the economic sanctions, 

there was a cascade of negative pressures on radiology patient care pathway which included a weakening 

economy, staff exodus and general availability of radiology services and they all had a negative impact 

on radiology demand and capacity for the research site (18).  

7.0 RECOMMENDATIONS 

It is recommended that the research site focus its efforts in reducing the variation mismatches in the 

system by managing the capacity to meet the peaks and troughs in demand. Further research must focus 

on what is causing the peaks and troughs in the demand and capacity. Investment should focus on 

reinstating existing x-ray examination rooms, improving capacity of the accounting process and review 

of personnel incentives.                                                                                                 
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ABSTRACT 

Sub Saharan Africa has experienced unprecedented rates of HIV and AIDS prevalence globally. 

However there has been limited uptake of HIV testing services in the region. Successful scale-up 

depends on identifying and overcoming the factors which act as barriers to the uptake of HIV self-testing 

in the region. A systematic review was carried out in order to identify qualitative studies reporting on 

barriers which act as barriers to the uptake of self-testing in Africa. Thematic analysis was utilised for 

the collected data.  The study findings indicate that social and cultural factors are the principal factors 

which impede the uptake of self-testing in the general populace. This study recommends that 

transformative tools such as the use of the media for educating the people can assist in scaling up the 

uptake of the services. The study recommendations if implemented are likely to scale up the uptake of 

self-testing interventions. 

Keywords, Sub Saharan Africa, Self-testing, interventions, qualitative.  

INTRODUCTION 

Despite the reported falling rates of HIV and AIDS related deaths in Sub-Saharan Africa, the  region 

remains the epicentre of the HIV epidemic with the highest rates of HIV transmission globally 

(Benendes and Rimal 2011). Despite the efficacy of behavioural and biomedical approaches in 

combatting the pressing HIV pandemic, accessibility to HIV counselling, testing, post-test services and 

treatment remains a challenge with 22 million people in the sub Saharan region not having accessed the 

lifesaving treatment (UNAIDS 2014, Auvert et al 2005, Bailey et al 2007, Gray et al 2007, UNAIDS 

2005, Chan 2012, Albs 2011), Kenneth et al 2010). Identifying the factors which act as barriers to the 

uptake of HIV self-testing and developing policy frameworks to improve HIV self-testing roll out could 

therefore improve accessibility to HIV testing and other post-test services such as counselling, anti-

retroviral therapy (ART)  and CD4 count testing to key and general populations.  

HIV self-testing in this paper refers to a process where an individual performs a HIV rapid diagnostic 

test and interprets the result in private using a saliva/ finger prick blood sample. There is evidence that 

the uptake of HIV self-testing is advantageous for key populations such as discordant couples, general 

populations, female sex workers, young people and men who have sex with men (MSM) (Choko, 

MacPherson and Webb 2014, Choko, Abata and Webb 2011, Kaliba et al 2014, Kebede, Abete and 

Mckonnon 2003). A cluster-randomized trial conducted in Malawi revealed that HIV self-testing has the 

potential to motivate partner testing and disclosure of status (Kumwenda et al.2014). A cross-sectional 

survey conducted in Kenya revealed that HIV self-testing for couples was acceptable to health workers 

(Kalibala et al 2013). 

This study explored the factors which act as barriers to the uptake of self-testing in sub-Saharan Africa. 

The main research question that the study sought to answer is ‘For what reasons do people choose not 
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to use HIV self –testing in sub- Saharan Africa?’ The findings obtained will inform the development of 

a package of approaches for overcoming these barriers. The synthesis of findings is described in line 

with a recently developed set of guidelines for reporting synthesis of qualitative studies—‘Enhancing 

transparency in reporting the synthesis of qualitative research (ENTREQ)’.ENTREQ consists of 21 

items grouped into five main domains: introduction, methods and methodology, literature search and 

selection, appraisal, and synthesis of findings. 

The merit of this research methodology is that it brings together qualitative evidence from a range of 

settings for a wider audience, identifies research gaps and provides evidence for health care and policy. 

The described synthesis was conducted in the hope that it would contribute in identifying the factors 

which act as barriers to the uptake of self-testing. Overcoming these barriers will in turn scale up the 

uptake of HIV self-testing in Sub-Saharan Africa. 

METHODS 

Inclusion Criteria 

For this review,  papers published in peer-reviewed journals that reported qualitative findings on the 

barriers to the uptake of HIV self-testing entirely or a mixed methods approach which includes 

quantitative data which were conducted in sub- Saharan Africa were selected. I excluded studies which 

reported quantitative data only which were conducted outside sub-Saharan Africa.  Abstracts from 

conference proceedings that reported qualitative findings were excluded because they do not sufficiently 

detail the methods and results. This therefore made it difficult to judge their suitability for synthesis. 

Items on reporting of study methods 

1. Paper reports findings from qualitative methodology 

2. Clear statement on aims/objectives 

3. Sampling strategy explained and appropriate 

4. Data collection methods mentioned/described and appropriate 

5. Mention of ethical considerations 

6. Theoretical approach mentioned/described 

7. Analysis adequately described 

8. Analysis done by more than one person to minimise subjectivity Items on reporting of study 

findings 

9. Results can be linked back to study objectives 

10. Sufficient data presented to support the results.Items on interpretation of study findings 

11. Discussion and conclusions adequately supported by the data 

Search Strategy 

To develop the search strategy, the research question was split into four components: (a) HIV self-

testing, (b) uptake (c) barriers (d) qualitative research. Synonyms for the four components were 

identified through reading relevant literature. Additional synonyms were later identified through a 

review of pilot search results. The search was first conducted using the Embage, Science Direct, The 

Cochrane library, Global health data search engines. The database identified all the papers related to 

each component after which search returns of all four components were combined using the operator. 
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The final search in the three databases was run and closed on 18 September 2014. The relevant 

documents were downloaded and the duplicates and irrelevant documents were ignored. 

Selection of Eligible Papers 

The titles and abstracts of the selected papers were analysed in order to screen papers for eligibility for 

the systematic review. Some papers were dropped if it was clear that a paper was ineligible based on the 

title and/or abstract review. Where the title and/or abstract were insufficient to make a determination, 

the full paper was downloaded, read and analysed. If the paper was deemed ineligible, it was excluded 

and the reasons documented thereof. The reference lists for all eligible papers were analysed in order to 

identify additional relevant papers. 

Quality Assessment 

Selected studies were assessed using an adaptation of previously derived quality criteria for assessing 

validity of qualitative research. For evaluation of the quality of the papers a criteria that covered three 

main issues was adopted: reporting of study methods, reporting of study findings, and interpretation of 

study findings. 

Synthesis 

Electronic copies of the 10 studies were directly imported into NVivo 10, a qualitative data storage and 

retrieval program. The thematic synthesis of findings was done in three validated stages which are: line-

by-line coding of study findings, developing descriptive themes and generating analytical themes. Line-

by-line coding of qualitative findings was conducted and presented in the selected studies. Consistency 

of interpretation was also checked. Similarities and differences between the codes were identified in 

order to group them. The factors which act as barriers to the uptake of HIV self-testing were categorised 

using descriptive themes, sub-themes and then considered their implications for possible interventions. 

This process resulted in two main analytical themes and several recommendations for possible 

interventions. 

Fig 1: Selection of Eligible papers   
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Table 1: Table 1 Characteristics of included studies 

Date  Country Author (s) Time 

of 

Study 

Setting Data 

Collection 

Methods 

Quality 

Rating 

2013 Malawi Kumwendo, M 2011-

2013 

Urban In-depth 

Interviews 

Fair 

2013 Malawi, 

Kenya, 

Mozambique, 

Zimbabwe 

Mavedzenge et 

al 

2006-

2011 

Rural 

and 

Urban 

FGDs,  

In-depth 

Interviews,  

Good 

2009 Mozambique, 

Zambia, 

Uganda, 

Botswana 

Ishari, G 2006-

2009 

Rural In-depth 

Interviews,  

Good 

2014 Malawi Choko, A et al. 2010-

2011 

Urban FDGs. Fair 

2013 South Africa Van Dyk 2011-

2012 

Urban Semi-

structured 

Interviews 

Fair 

2014 South Africa, 

Kenya and 

Malawi 

Johnson,C et.al 2013-

2014 

Urban 

and 

Rural 

Literature 

review 

Good 

2014 Sub-Saharan 

Africa 

Brown et al 2013-

2014 

Urban 

and 

Rural 

Literature 

Review 

Good 

2011 Lesotho Welensky, R.P 

and Basset,I.C 

2010-

2011 

Urban Literature 

review 

Fair 
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Results of Synthesis: Line-By-Line Coding 

Table 3 Codes identified from the studies 

Code Frequency 

1. Poor access to post-test services 6 

2. Lack of integrated test components 6 

3. Potential for Gender Based Violence 4 

4. Absence of policies and regulations 2 

5. Poor labelling and instructions 2 

6. Failure to execute instructions 2 

7. Lack of quality control and storage of 

tests 

2 

 8. Fear to seek post-test services 2 

 9. Lack of availability of an easy to use and 

accurate HIV self-test kits 

2 

10. Fear to seek post-test services 2 

11. Fear of psycho-social distress 2 

13. Lower Sensitivity of the test kit 1 

14.Limited information dissemination 1 

15.Limited utility for infant HIV screening 1 

16. Lack of competition within markets 1 

15. Potential of scaling up testing where 

treatment is unavailable. 

1 

17. Reservations about self-testing waiting 

period  

1 

18. Suspicion of government motives 1 

RESULTS 

A search was conducted on 18 September 2014 on the factors which act as barriers to the uptake of HIV 

self-testing in sub-Saharan Africa and it resulted in 2896 hits. This included 6 duplicate articles. After 

removing duplicates, a further 2875 were excluded based on the title and/or abstract review. Studies 

were excluded for at least one of the following reasons: [1] they reported only on the feasibility and 

acceptability of HIV self-testing, [2] they were conducted outside sub-Saharan Africa [3] they focused 

on the barriers on the uptake of provider delivered HIV testing and there were not specific to HIV self-

testing. Although some of the codes presented in table are closely related, they have certain nuances 

within them and as such were treated separately in this study.  

Results of Synthesis: Descriptive and Analytical Themes 

In summary, the factors which act as barriers to the uptake of HIV self-testing in sub-Saharan Africa 

include a lack of policy frameworks to regulate the distribution of the self-test kits in relation to 

accessibility to post-test services as well as storage and pricing of the HIV self-test kits . Regulations 

and policies which determine the eligible age group to use the HIV self-test kits and to protect the users 
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such as a regulatory body to assess the quality of the HIV self-test kits and to protect the general public 

from cohesion to test is also important.  

An additional descriptive code that emerged from the synthesis are the fears. Key populations and the 

general public fear to seek post-test services or confirmatory results for their HIV status after having 

done HIV self-testing. Another factor is the fear of psycho-social distress after having tested alone 

outside a medical facility. Closely related to the above mentioned point is the fear of the discomfort of 

waiting for the HIV self-test results alone. 

Cultural factors such as the potential for gender based violence are also significant barriers. Cohesion 

by spouses (both male or female) to test their partners beyond their will. With sub-Saharan Africa being 

a dominantly resource limited setting, economic concerns about  the high cost of the HIV self-test kit 

also emerged as a significant barrier especially within the context of competing interests. 

Poor knowledge is another broad theme which emerged from the data. The general population in 

practical terms fail to execute the HIV self-test and to interpret the results from the test kit. Poor self-

test kits is also a factor which act as a barrier to the uptake of HIV self-test due to the lack of integrated 

materials for the HIV self-test kit and  poor labelling of the HIV self-test. Limited information 

dissemination also accounts for the limited uptake of the HIV. All of these factors act as barriers to  the 

uptake of HIV self-testing in sub  Saharan Africa in both rural and urban set ups. 

DISCUSSION 

This paper presents a thematic analysis of systematically identified qualitative studies from sub-Saharan 

Africa that reported barriers to the uptake of HIV self-testing. Five major themes were identified: lack 

of information, poor knowledge, fears, cultural factors and economic costs. 

Numerous studies identified poor knowledge as a barrier to HIV self-testing, suggesting that campaigns 

designed to create demand for the intervention need to provide the general populace with accurate 

information about the testing options available as well as its other health benefits. Poor information 

dissemination by the responsible agencies and by the government has also imped the general populace 

from taking up the HIV self-testing services and in some instances from correctly executing the 

procedure. Additionally, HIV self-test materials need to also explain in simpler and clearer terms the 

procedure for HIV self-testing with shorter and pictorial instructions. The collected data on the failure 

especially by the rural population to execute the HIV self-test results raises questions about the high 

literacy rates said to be prevalent in countries such as Zimbabwe (UNDP Digest 2010, Chung 2008).  

The generation of myths concerning HIV self-testing results in limited uptake of the service. The 

repeated discussion of falsehoods or myths at community level becomes institutionalised knowledge 

over time. Such information tend to shape the people’s views about the HIV self-testing thereby shaping 

the views of the general population in a negative manner i.e. associating the introduction of the HIV 

self-testing programme with a clandestine government agendas. For the improvement of HIV self-

testing roll out there is need for adequate information dissemination of information to the general 

population via the print and electronic media. Extensive community information dissemination and 

demonstrations, the training of health personnel and community volunteers would greatly assist in 

dispelling the myths surrounding the use of HIV self-testing. 
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This study also established that cultural factors such as the potential for gender based violence or 

coercion by spouses likely to emanate from HIV self-testing in the community. Culturally, Zimbabwe is 

a male dominated society in terms of decision making within the home. Such values have also been 

reinforced by other factors such as religion. Children’s choices are also at the mercy of their parents, 

being reinforced by factors such as culture and religion (Manyati 2014). Changing social and gender 

dynamics have also men being victimised by their spouses in recent times.  

Evidence obtained from the review is contrary to earlier findings from a cluster-randomized trial 

conducted in Malawi that revealed that HIV self-testing has the potential to motivate partner testing and 

disclosure of status (Kumwenda et al.2014).  Regulations and policies protecting the general populace 

and key populations therefore become key so as to protect children, men and women from coercion to 

self-test themselves in face of social pressures. The introduction of HIV self-testing therefore raises 

questions about the legal issues in some Sub-Saharan African countries concerning compulsory 

disclosure of HIV positive results to partners. 

This study also established that lack of policy frameworks to regulate HIV self-testing acts as a barrier 

to the uptake of the service. Within the context of improving accessibity of health services to the general 

populations questions such as the availability of the test kits vis a vis post-test services is key. HIV self-

testing being a community initiative which occurs outside the medical facility, regulations and policies 

which determine the eligible age group to use the HIV self-test kits ,  a regulatory body which assesses 

the quality,  storage  and distribution of the HIV self-test kits is critical. For increased consumption of 

the HIV self-test kits suitable regulations on the pricing of the HIV self-test kit is also important. 

Poor HIV self-test kits is a barrier to the uptake of HIV self-testing in Sub-Saharan Africa. Factors such 

lack of integrated components, the use of the less sensitive saliva based HIV self-test kits and poor 

instructions result in failure by less literate populations in accurately executing the HIV self-testing 

procedure. This is indicative of shortcomings of saliva based HIV self-test procedure and that needs 

further research so as to guarantee that the users obtain accurate and valid results. 

CONCLUSION 

In conclusion it can thus be noted that multiple factors such as lack of information dissemination 

structures, poor knowledge, fears, cultural factors and economic costs have acted as barriers to the 

uptake of HIV self-testing in Sub-Saharan Africa. The use of HIV self-test outside the medical facilities 

has the potential to scale up gender based violence and cohesion among couples in terms of testing and 

disclosure of results. Poor knowledge about HIV self-testing has pre-disposed the clientele to fears and 

generation of myths such as suspicion of government intensions in introducing such programmes. Poor 

HIV self-test kits have also rendered it difficult for populations of various literacy capabilities from both 

rural and urban set ups to correctly and accurately execute the testing procedure. With Sub-Saharan 

Africa being a dominantly resource limited setting, limited data is available on the acceptable pricing of 

the HIV self-testing kits to ensure that accessibility of the services reaches a greater population. For the 

full scale roll out of HIV self-testing programmes in Sub-Saharan Africa, context based policies and 

programmes that address social, economic, gender, ethical and human rights issues of general and key 

populations need to be formulated and enforced. 
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RECOMMENDATIONS 

For the scale up of HIV self-testing in Sub-Saharan Africa policy‑makers and implementers must 

consider: 

 Laws and regulations on who and how HIV self-test kits should be sold, distributed need to 

be developed and adopted. Research needs to be done in order to ascertain the acceptable fee 

structures for the HIV self-test kits across Sub- Saharan Africa. 

 There is need for the crafting of regulations on the age of consent may need to be adapted or 

developed for the protection of minors. 

 There is need for the development of optimal monitoring systems by which we can track 

who received a test, got results, made the linkage to prevention or care services and for 

reporting social harms. 

 Ethical laws, policies and regulations that protect the end users from coercive testing, 

violence, discrimination and prosecution may need to be developed or adapted to protect 

people who self‑test. 

 Quality control measures need to be established to ensure that the design and packaging of 

HIV self‑testing kits presents clear pre‑/post‑test information for users. 

 Legal issues concerning disclosure of HIV self‑testing results to others including sexual 

partners need to be reviewed and enacted.  

 There is need for the adoption of finger prick based HIV self-testing may be a consideration 

for future research. Current recommendations regarding confirmation of results through 

provider delivered HIV testing should remain in place. Confirmation for repeat tests with no 

change in result may be less imperative. 
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ABSTRACT 

Nanosuspensions pose as an alternative dosage form for poorly soluble BSC class II drugs. They have 

been used to improve the pharmaceutical properties such as bioavailability, solubility and plasma 

circulation time of drugs leading to reduction in dose administered. Considering these characteristics, 

they can be employed to improve schistosomiasis therapy in peadiatrics. Praziquantel (PZQ) is the drug 

of choice in the treatment of schistosomiasis with no alternative dosage form available that is suitable 

for peadiatric.  Recommendations from previous studies show that paediatrics are also infected with 

schistosomiasis and they need to be included in treatment.  In this study a nanosuspension of PZQ was 

formulated and characterized. Praziquantel nanosuspension was prepared by precipitation-

ultrasonication method using the convetional PZQ drug that is used. The nanosuspension was 

characterized for particle size and width of particle size distribution, zeta potential, in vitro drug release 

at pH 7.4 and physical stability. Praziquantel nanosuspension showed a normal distribution with a peak 

at 4.98 µm and a zeta potential of -10.8 mV.  The polydispersity index of PZQ nanosuspension was 

0.623.  The in vitro release profile showed a slow release of PZQ nanosuspension with about 20% 

released over 60 minutes as compared to 60% over the same time for the free drug.  The accelerated 

stability tests showed a particle size of 4.988 µm and 4.993 µm in sample stored at 4 °C and 25 °C 

respectively over 4 weeks showing great stability. The zeta potentials were -7.71 and -7.67 respectively. 

Praziquantel was successfully fabricated into a nanosuspension exhibiting controlled release patterns 

which if proved safe, can alleviate drug intolerance and resistance.  The physical stability was similar at 

different storage conditions. We demonstrate that we were able to make a nanosuspension of 

przaiquantel. 

Keywords: Paediatric, Nanosuspension, Praziquantel, Slow release 

1. INTRODUCTION 

Schistosomiasis (bilharzia) remains a major public health problem among the neglected tropical 

diseases.  It is a prevalent parasitic disease associated with poverty, malnutrition, and poor sanitation; 

hence it commonly affects the tropical and subtropical countries, impoverished communities which lack 

proper water supplies and sanitation1.  This disease is caused by the helminth parasite Schistosoma, of 

which the species most found in Zimbabwe are the urinary- Schistosoma haematobium and intestinal-

Schistosoma mansoni 2,3.  These are also a cause of most human infections in Africa and the Middle East 

affecting approximately 107 million people in these regions and more than 200,000 deaths are recorded 

per year in sub-Saharan Africa.  Approximately 240 million people are affected worldwide and more 

than 700 million people reside in endemic areas1.  In Zimbabwe schistosomiasis has been amongst the 

top ten illnesses that cause hospitalization and before the onset of HIV and AIDS, it was second to 

malaria in terms of public health importance.   
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The major symptoms of schistosomiasis which include haematuria (classical sign), dysuria, nutritional 

deficiencies, anaemia, stunted growth, decreased physical performance and impaired memory and 

cognitive potential3  Females may present lesions of the cervix or Girls normally develop abnormalities 

in the vagina-vaginal sandy patches5 leading to bleeding and males prostate or seminal vesicles may be 

affected.  In advanced stages infertility, bladder and ureteral fibrosis and bladder cancer are speculated 

to be possible1. 

Children as young as 5-15 years old, who are still growing physically and mentally, are mostly affected 

by schistosomiasis.6,7  Due to these schistosomiasis related cases of morbidity and mortality and 

advantages that have been realized from repeated chemotherapy4 , a minimum goal to be met by 2010 

was set out by the WHO which stipulated regular chemotherapy administration to ≥75% children of 

school going age prone to being infected by schistosomiasis.10 

The children who had not reached school-going age have been excluded in such treatments, yet they are 

not exempt from infection.  The exclusion was mainly on the basis that it is difficult to investigate infant 

infections using standard parasitological methods currently in use since the sensitivity of these methods 

to detect infection in infant is low12.  Children 5 years and below have also been thought to have reduced 

risk of infection since it is assumed that they have little or no contact with water infested with 

schistosomes.  On the same note manufacturers of antihelminthic drugs do not provide prescribing 

information including children below the age of 4 years due to limited or lack of information in this age 

group regarding treatment factors such as toxicity, adverse effects and pharmacokinetics.  Zimbabwe 

guidelines for the treatment of Schistosomiasis Patients are treated with Praziquantel (PZQ) and this 

reduces infestation from roundworms.   

Other intervention methods 

Some broad, non-pharmacological interventions that that have been documented to disrupt the life cycle 

of the parasite and hence its transmission; firstly, provision of adequate sanitation can be implemented 

in communities to reduce environmental contamination and hence minimize the chances of miracidia 

finding and penetrating the intermediate host snails11.  Secondly, snail control mechanisms can be 

established to minimize the chances of miracidia in finding an appropriate intermediate host which will 

result in a significant drop in number of cercariae available for infecting people at water contact sites, 

and lastly safe water can be provided and made easily accessible to reduce the chances of people coming 

in contact with cercariae infested water which will in turn limit the chances of cercariae locating the 

human host and infecting them in its limited life span11.  These interventions have been studied in detail 

globally and at local level, and it was noted that concurrent implementation of all these measures may 

not be possible due to their cost ineffectiveness.  Hence, priority as been given to treatment as it reduces 

early and late life morbidity and mortality eventually reducing the force of transmission by reducing 

contamination.11  In a recent publication, Paul et al., 201313, we showed that health education and 

sanitation provision could alleviate the burden as lack of knowledge to schistosomiasis proved to be a 

hampering factor to schistosomiasis eradication. 
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Chemical structure of PZQ 

                                         

Figure 20: Chemical structure of PZQ16 

PZQ (PQZ) obtains its physicochemical properties from its chemical structure, namely- small molecule 

with molecular weight 312, the molecular formula is C19H24N2O2.  It is a white to nearly white crystalline 

solid with a bitter taste.  Practically insoluble water, sparingly soluble in ethanol, methanol and soluble 

in chloroform and dimethylsulfoxide, Log P (a measure of differential solubility of a compound in two 

solvents) is 2.5 Melting point 136-140 °C.  PZQ is an isoquinoline and is active against the adult stages 

of the five species of human schistosomes. It is administered orally and tolerated by many, with only 

minimal side effects experienced in some individuals.14 PZQ requires no metabolic modification; it 

already exists in its active form. It has been found to be more superior in comparison to other 

antischistosomal agents such as metrifonate and oxamniquine and recent studies have also proven that 

new antischistosome agents are also less potent than PZQ.4 

Mechanism of action  

Praziquantel, acts by altering calcium (Ca2+) homeostasis in adult schistosomes.  It modulates the 

voltage-gated Ca2+.  A few moments after administration of praziquantel, it causes vacuolisation and 

rapid contraction of the worm muscles and eventually disruption of the worm tegument.15  The success 

of control programmes in this area will be greatly increased by educating parents/guardians of children 

on bilharzia, what it is, its mode of transmission, and the available treatment.  It also revealed that 

school-aged children are the most at risk to experience co-infections or heavy schistosome infections. 

Pharmacokinetics 

PZQ is administered orally and belongs to the biopharmaceutical classification system class II.  Class II 

drugs are poorly water soluble, however, they are absorbed easily across the gastrointestinal tract once 

their dissolution is achieved.  Fifteen minutes post dosing, a significant amount appears in blood 

resulting in peak levels 1 to 2 hours after administration.  However it undergoes hepatic first pass 

metabolism generating a plasma half-life of 1-3 hours and elimination of 80% or more after 24 hours.16,17 
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Therapeutic Dosage administration and Problems associated with PZQ 

40-60mg/kg body weight is the recommended dose to be taken for treatment of schistosomiasis.  

However, a PZQ dosing pole which is based on height and not weight, is usually used in the case of 

children.16  Recommended treatment for human trematodes is usually 25mg/kg daily for three days.16 

PZQ’s efficacy against the immature stages of schistosomes is still to be fully evaluated, which is 

thought to be a risk for resistance development.16,17 and Barakat and Morshedy 201036 stated that in the 

last decade, several cases have indicated a lower efficiency of PZQ against Schistosoma mansoni and 

other case reports showed total failure of PZQ in curing schistosomiasis.  In some cases treatment failure 

in schistosomiasis control is ascribed to the conversion of PZQ after administration to its inactive 

metabolites.18 This conversion is due to the fast hepatic first-pass metabolism and rapid clearance from 

the plasma resulting in a terminal elimination half-life of 1–3 hours.  PZQ’s effectiveness is also affected 

by low hydro solubility and poor bioavailability.19  In other reports it has been shown that the 

antischistosomal effect of PZQ is related not only to the absolute height of the maximal plasma 

concentration, but also to the duration of exposure of the schistosomes to the drug.20 

2.0 NANOTECHNOLOGY AND DRUG DEVELOPMENT 

More than 40 per cent of the drugs that are currently being developed are found to be poorly soluble in 

aqueous media.  These poorly water-soluble drugs exhibit many problems when they are formulated 

into conventional dosage forms with erratic absorption and low bioavailability being the most important 

problems.21  The effectiveness of such drugs is dependant on the dissolution rate and fed state of the 

patient and the dissolution rate is dependant on the shape and size of the drug particles.  Decreased 

particle size results in an increased rate of dissolution of the drug.21  A lot of approaches have been 

employed in the formulation of poorly soluble drugs so as to solve the low solubility problems.  These 

approaches include use of materials that enhance permeation, surfactant dispersions, oily solutions, salt 

formation, micronization solubilization with the use of co-solvents and precipitation techniques.  

However use of these techniques is limited since they are not effective in the enhancing drug solubility 

for example micronization is able to increase the dissolution velocity of a drug due to decreased particle 

size but the saturation solubility is not increased.21 Nanotechnology is the development of functional 

systems on an atomic or molecular scale.  It is employed in various sectors such as construction, 

electronics, and diagnostics as well as in medicine (nanomedicine).22  Nanomedicine has brought an 

alternative way for drug delivery which has shown promising results in the ability to improve 

pharmaceutical properties of drugs.  

2.1  Nanotechnology in schistosomiasis drug delivery 

Studies aiming at incorporating nanotechnology into PZQ formulations have shown to improve the 

pharmaceutical properties of PZQ.  One study involved use of solid lipid nanoparticles which markedly 

improved the bioavailability and half-life of PZQ.19 

Other studies have used polymers such as polyvinyl-pyrrolidone and β- cyclodextrin which have 

significantly improved the rate of dissolution of PZQ,- incorporated PZQ in liposomes to make it more 

effective and produced PZQ nanoparticles encapsulated by poly (lactic-co-glycolide).18,23  These 

formulations however, have been developed for intravenous route which is painful, uncomfortable and 

not easily accepted by most children hence a need for continuous development of oral formulations.24  
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Submicron drug dispersion formulations exhibiting particle sizes normally between 200 nm and 600 nm 

are referred to as nanocrystals dispersions or nano-suspensions.  Nano-suspensions can also be defined 

as colloidal drug delivery systems with the pure active compound dispersed in a liquid phase with 

temperate amounts of stabilizers added to improve the physical stability.25,26 

Uptake of these nanoparticulate systems across intestinal mucosa is mainly via paracellular passages, 

intracellular or through Peyer’s patches.  The major pathway preferred by the nanosized colloidal 

systems after oral administration is through Peyer’s patches and this pathway avoids hepatic first pass 

metabolism, leading to a possibility of drug dose.18 

3.0  OBJECTIVES 

We aimed at fabricating and characterizing a nanosuspension of PZQ.  

3.1 Specific Objectives 

 To fabricate a nanosuspension of PZQ  

 To characterize the nanosuspension by particle size analysis, polydispersity index analysis 

and zeta potential analysis. 

 To determine the in vitro release profile of the nanosuspension  

 To determine the physical stability of the nanosuspension  

4.0 METHODOLOGY 

4.1  Materials 

PZQ was purchased from Sigma Aldrich (Germany).  Polyvinyl alcohol (PVA), acetone, methanol and 

sodium dodecyl sulphate were obtained from the stores of the pharmaceutics laboratory, School of 

pharmacy, University of Zimbabwe (UZ).  The zetasizer 2000 (Malvern Instruments, UK) was used at 

the University of the North West, Potchefstroom Campus, South Africa.  Distilled water and materials 

used in the preparation of phosphate buffers were provided by the department of pharmacy UZ.  

Equipment used include magnetic stirrer (MS 300, Sigma Aldrich Company, Germany), ultrasonic probe 

(Brinkmann Instruments, Westbury, New York), bath sonicator 90 s  (Westwood Ultrasonics, UK),  

vortex  (Heidolph Reax 2000, Germany), microcentrifuge (Eppendorf centrifuge 5415C, Germany), 

Eppendorf  tubes, water bath (Buchi, Switzerland),  UV-VIS Spectrophotometer (Shimadzu, Japan) and 

a pH Meter (Crison GLP 21, UK). 

4.2  Preparation of PZQ nanosuspension 

4.2.1  Precipitation ultrasonication method 

About 300 mg of PZQ drug powder were accurately weighed, and 100 mg of sodium dodecyl sulphate 

were added to 5ml of acetone and stirred for 2 hours using a magnetic stirrer (Sigma Aldrich Company, 

Germany) at room temperature.  PVA (50 mg) was added to 30 ml of distilled water and stirred for 3 

hours on a magnetic stirrer.  The organic solution was then injected rapidly into the antisolvent whilst 

stirring rapidly at 400 rpm for 1 hour.  Precipitation occurred immediately and the pre-suspension was 

treated by an ultrasonic radiation using an ultrasonic probe (Brinkmann Instruments, New York) at 400 

W for 15 minutes with 3 seconds pauses between 3 second bursts.  

http://www.rcz.ac.zw/


10th Zimbabwe International Research Symposium Book of Papers Presented (ISSN: 2412-2386) 

Published by Research Council of Zimbabwe   

Website: www.rcz.ac.zw  864 

 

The resultant suspension centrifuged at 14000 rpm for 40 minutes.  The supernatant was removed and 

replaced with 0.2 % of PVA solution equivalent to the volume removed.  The particles were redispersed 

using a bath sonicator (Sonicator 90 s, Westwood Ultrasonics, UK) for 15 minutes.  The procedure was 

repeated excluding PZQ drug powder to produce blank nanosuspension containing stabilizers which 

was used for comparison.  A part of the sample containing PZQ nanosuspension was characterized for 

particle size and zeta potential analysis whilst another part was used for physical stability tests. 

4.3  Characterization of PZQ nanosuspension 

4.3.1  Preparation of a calibration curve 

A calibration curve was prepared by measuring the absorbance at 263nm of a series of known 

concentration of PZQ in methanol by UV spectroscopy using a UV-Vis spectrophotometer (Shimadzu 

UV-1700, Japan).  The calibration curve was used to estimate unknown concentrations of PZQ in PZQ 

nanosuspension preparations. 

4.3.2  Determination of particle size and polydispersity index (width of particle size distribution) 

The particle size and width of particle size distribution of the nanosuspension were measured by photon 

correlation spectroscopy.  

4.3.3  Determination of zeta potential 

The zeta potential was measured using a zetasizer 

4.3.4  In vitro dissolution of PZQ nanosuspension 

To measure the in vitro drug release, the PZQ nanosuspensions and PZQ drug powder were diluted with 

phosphate buffer pH 7.4 in eppendorf tubes.  The epperndorf were then placed in a water bath at 37°C.  

At specific time intervals (5, 10, 15, 30 and 60 minutes) each epperndorf was removed and the 

supernatant was drawn with a syringe and placed in a test tube.  The supernatant was diluted by 

phosphate buffer using a dilution factor of 4.  The absorbance was then measured at 263 nm. 

4.3.5 Stability evaluation 

Stability of the nanosuspension was evaluated after the samples were stored for 4 weeks in closed glass 

beakers at 4 °C and 25 °C.  The samples were then subjected to particle size, polydispersity index and 

zeta potential analysis.  The changes in appearance, particle size, drug concentration were recorded. 

5.0 RESULTS 

5.1  Calibration curve 

Three absorbance values were measured for each sample and an average of the three values represent 

each point on the graph.  The figure below was used to determine unknown PZQ concentrations in 

samples subjected to in vitro release studies.  
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Praziquantel calibration curve
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Figure 21: Calibration curve for PZQ in methanol at 263 nm 

The calibration curve was used to determine the amount of PZQ in the drug formulations.  

5.2  Particle size 

The figures below show the investigation on the particle size of the nanoparticles 

 

5.3  Zeta potential 

The zeta potential of PZQ nanosuspension was -10.8 mV 
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5.4  In vitro drug release at pH 7.4 

The nano-formulations were tested if their drug release properties conformed to properties of NPs of a 

slow, timeous release?  The investigation (below) was done at pH 7.4 and 37 oC which is a mimic of the 

blood conditions. 

 

In vitro release of praziquantel in PB at pH 7.4
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Figure 22: In vitro release profile of PZQ nanosuspension particles in comparison to pure PZQ drug 

powder in phosphate buffer at pH 7.4.  The release profile was measured over a period on 60 minutes. 

As can be deduced from the graph, the nanosuspension was released slowly into the system in a pH 7.4, 

which is the imitation of the blood pH. This is a beneficial aspect as the drug is timeously released, and 

prevent rapid detoxification and rendering it useless. 

5.5  Physical Stability 

5.5.1  Particle size 

The Figures below show the investigation of the change in physical characteristics of the NPs 4 weeks 

 

afrter fabrication. The particle size was not variable, 4 weeks post fabrication. The NPs were stable to 

physical change. Their size did not change. 
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6.0 DISCUSSION 

6.1 Preparation of PZQ nanosuspension  

In this experiment PZQ nanosuspension was successfully formulated using the precipitation 

ultrasonication method.  The method of formulation has a great impact on the characteristics of the 

nanosuspension.  The precipitation ultrasonication method involves use of ultrasound to form a 

homogenous product.33  The drug, PVA, and SDS concentrations were 15 mg/ml, 2.5 mg/ml, and 0.5% 

w/v respectively.  Figure 5 shows the particle size of the PZQ nanosuspension particles. Liu et al., 201226 

showed that the particle size of carvedilol nanosuspension was smallest after sonicating for 15 minutes 

but it was not reduced after further sonication beyond the first 15 minutes.  When the power input was 

set at 400 W the smallest particle size was achieved as well thus these were employed in the formulation 

of the PZQ nanosuspension.  However the concentrations of stabilizers were not empirically determined 

for PZQ as this is the requirement for nanosuspension development.  

 

Figure 23: Freshly prepared PZQ nanosuspension using precipitation-ultrasonication. 

6.2 Particle size  

The particle size distribution of blank nanosuspension showed a bimodal distribution with peaks at 708.6 

nm and 5.47 µm, and intensities of 95.4 % and 4.6 % respectively as shown in Figure 4. Figure 5 shows 

the particle size distribution graph of PZQ nanosuspension with a normal distribution showing a peak 

at 4.98 µm with an intensity of 100 %.  The graph in Figure 4 suggests that a few particles in the blank 

nanosuspension were not broken down adequately and produced a peak value beyond 1µm but the 

majority of the particles (95.4%) were below 1µm.  

The peak value was below that of the nanosuspension containing PZQ showing that PZQ added on to 

the particle size making the particles larger.  The particle size was not within the ideal range of 

nanosuspension particles which is 200 nm and 600 nm,25 this could be due to crystal growth and 

agglomeration of particles as the nanosuspension was stored in a refrigerator for 3 weeks without being 

freeze-dried.  Freeze drying prevents particle agglomeration and enhances long term stability of a 

product.34  
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The PZQ nanosuspension showed a narrow particle size distribution of 0.623 nm.  The narrow 

distribution helps in making the colloidal system more stable and prevents agglomeration since the 

system is homogenous.26 

6.3  Zeta potential 

The zeta potential for the nanosuspension containing PZQ was -10.8 mV.  The charge was negative due 

to adsorbed SDS and PVA on the drug particles; however the low zeta potential proposes that the 

nanosuspension was not adequately stabilized.  This could have been due to the lack of pre-formulation 

studies which help to determine the concentration of stabilizers that produce the most stable 

nanosuspension.  These could not be performed due to lack of zetasizer to analyze samples containing 

different stabilizer concentrations. 

6.4 In vitro drug release 

The release rates of PZQ drug powder and PZQ nanosuspension are shown in Figure 6.  The release rate 

of the PZQ drug powder was higher than that of the PZQ nanosuspension.  At 60 minutes the percentage 

amount of drug that had been released from the nanosuspension was approximately 19% and 59% had 

been released from the sample containing the drug powder.  The slow release of PZQ nanosuspension 

shows a controlled release pattern which will aid in increasing half-life of the drug.  The investigation 

also needs to be carried out in vivo to ascertain the claim, and investigate if there are any toxicities 

associated with the shape and other properties of the NPs. 

6.5  Physical stability 

PZQ nanosuspension samples were subjected to accelerated stability tests by storing one sample in a 

refrigerator at 4 °C and another at 25 °C.  These were stored for 4 weeks and no change in appearance 

could be seen.  The nanosuspension could be easily re-suspended by gently swirling the beaker for 10 

seconds.  The particle size distributions are shown in figure 4.5 and 4.6.  The peak for the sample stored 

at 25 °C was 4,993 µm whilst that of the sample stored at 4 °C was 4,988 µm.  

These results show that there is not much difference between the samples and temperature may not be a 

contributing factor to the physical stability of the nanosuspension.  However, high chances are that over 

the 4 weeks the particles agglomerated as the zeta potentials were low.  The zeta potentials for the sample 

at 4 °C and 25 °C were -7.71 and -7.61 respectively whilst their PI were 0.481 and 0.271.  

The PZQ nanosuspension from which these samples were taken was stored for 3 weeks without being 

freeze dried at -20 °C.  Although the particle size of the sample is homogeneous or similar to the particle 

sizes of the samples that underwent physical stability tests, it is not definite that the samples were stable 

as crystal growth could have occurred in the PZQ nanosuspension at the same rate as the samples 

subjected to tests. 

7.0  CONCLUSION 

According to the experimental analysis in this present study, PZQ nanosuspension using SDS and PVA 

stabilizers was successfully fabricated by the precipitation-ultrasonication method.  The PZQ 

nanosuspension showed a controlled release pattern and similar stability patterns at different storage 

conditions. 
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7.1  Recommendation and limitations 

The freshly prepared nanosuspension was not freeze dried.  Freeze drying increase the stability of 

nanosuspension and prevents crystal growth.  This enhances long term stability and increases shelf life 

of the final nanosuspension product.  Inability to perform this procedure could have contributed to the 

pronounced crystal growth and large particle size of the particles in the colloidal system.  The materials 

provided such as polyvinyl alcohol was not stated in terms of degree of hydrolysis.  This has an impact 

on the solubility of PVA in water since different degrees of hydrolysis require different temperatures in 

order to dissolve.  The molecular weight of PVA also affects its aqueous solubility, solubility increases 

with a decrease in molecular weight.  This could have had an impact in the results obtained as no 

preliminary tests had been done to determine hydrolysis and molecular weight of the PVA. Sodium 

dodecyl sulphate was in the hydrolyzed gel form instead of granules.  This hydrolysis could have 

affected the results.  No preliminary tests were performed in order to establish the best suitable 

concentration of stabilizers, suitable equipment, and suitable operational speeds that provide the 

minimum possible particle sizes.  The concentrations used in this study were obtained from studies that 

were performed on other drugs and this could have an impact on the characteristics of the 

nanosuspension as different drugs may require different stabilizer concentrations. A series of trial 

experiments should be performed to establish the appropriate stabilizers that should be used in 

formulation of a nanosuspension.  Individual stabilizers should be formulated with and without drug and 

also combinations of stabilizer.  The formulations should be analysed for particle size and size 

distribution to obtain data on the best combination to be used. Further in vitro release tests should be 

performed on the nanosuspension to obtain information on the release of PZQ nanosuspension in other 

biological environment such as the intestines and the stomach.  Crystalline state and particle morphology 

tests should be done to determine the stability in terms of the shape and the polymorphic state of the 

drug particles.  These are critical tests in nanosuspension development which were hindered by financial 

constraints in this research.  

7.3 Future work 

Future studies can be aimed at experimentally determining optimum formulation parameters of the 

formulation method and stabilizers.  In vivo experiments and in vitro release profiles in other biological 

fluids can be considered.  Other routes of administration such as the intravenous can be researched on 

to broaden alternative dosage forms for PZQ.  
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ABSTRACT 

Health is defined as complete physical, mental and social well-being and not merely the absence of 

disease or infirmity. Transformational (engaging) leadership in health is a leadership style that can 

unlock successes in the efforts to provide health care provision which has eluded many nations. History 

is choreographed with numerous grand schemes and declarations such as Alma Ata Declaration (1978) 

that have merely become pipedreams leaving onlookers with many puzzles in their faces and despair 

written all over the faces of the supposed beneficiaries. Failure to provide health for all is rooted in the 

leadership styles of the key players, duty bearers in particular, in health care programmes. Now that the 

Zimbabwe constitution recognizes, in an indirect way, the Right to Health, questions still remain as to 

how many ordinary people appreciate this constitutional provision and what their expectations from the 

health system are. It was against this background that a study was carried out to investigate the level of 

awareness of the constitutional provision. The purpose of the investigation was to identify ways of how 

the new constitution through transformational leadership could be used for the realization of the 

important characteristics of the Right to Health, a fundamental human right. Focus group discussions 

with members of patient organizations and the Consumer Council members were done with key 

informants. Structured interviews were also carried out among rural and urban residents in Bulawayo, 

Harare, Mutare and Masvingo. Ten traditional healers, members of Zimbabwe Traditional Healers 

Association (Zinatha) were interviewed. A total of about 1000 participants took part in the investigation. 

Less than 10% of the participants were aware of the national objectives in the constitution. Almost 90% 

expected the constitution to address the issues of health and nutrition in some way but were not sure 

about the content in the constitution. The majority of participants in the study were really not bothered 

about the Constitution and did not believe the Bill of Rights, in generally and the Right to Health Care 

in particular, would be respected and honoured. The study found wide spread dissatisfaction with the 

health system. 

The study demonstrated that there was urgent need for transformational leadership in health; continued 

education of people about their rights and responsibilities in health; and serious review and 

harmonization of all pieces of legislation that speak to issues of health. 

Keywords: Constitution, Health, Right to Health, Transformational Leadership 

INTRODUCTION 

Healthcare services are constantly adapting to trends and policy, with healthcare professionals having 

to lead, organize and deliver care in and increasingly challenging and complex environment. Traditional 

values about care are being challenged and often come into conflict with the business environment 

(Shaw 2007) putting people in the position of doing things they have little experience of. This requires 

effective leadership such as transformational (engaging) leadership.  

http://www.rcz.ac.zw/
mailto:norman.nyazema@ul.ac.za
mailto:tnytmbyo@iwayafrica.co.zw


10th Zimbabwe International Research Symposium Book of Papers Presented (ISSN: 2412-2386) 

Published by Research Council of Zimbabwe   

Website: www.rcz.ac.zw  874 

 

Transformational leadership model is describe as a process in which followers trust, admire, and respect 

their leader, and are constantly motivated to do more that they were originally expected to do. In the 

case of health, which is defined as complete physical, mental and social well-being and not merely the 

absence of disease or infirmity (WHO, 1948), transformational leadership should, therefore, take into 

consideration the total well-being an individual and therefore of a nation. The concept of 

transformational leadership was introduced by J.M Burns in 1978 and enhanced by B.M. Bass in 1985. 

The four components of transformational leadership are charisma, inspiration, individual consideration, 

and intellectual stimulation (Barnes 2014). 

In the provision of healthcare services therefore, a leader is expected to motivate other health care 

providers to exceed established performance in health care delivery and to transcend their self-interest 

for the good of the patients, in the case of the sick, and clients in the case of health promotion. In 

transformational leadership there is clear articulation, and not lip service, of the vision and generation 

of commitment. Health care providers become, not only motivated, but also creative. They are willing 

to invest more effort in their task of delivering health care, are encouraged and optimistic about the 

future and believe in their abilities. Under such an environment, there is no hesitation in discarding an 

old practice or policy, and indeed a constitutional provision that has been found to be ineffective. 

Historically, health care in Zimbabwe was provided primarily to cater for colonial administrators and 

expatriate, with separate care or second-provision made for Africans. There was no need for legislation 

to guarantee its provision to the settler community. At independence in 1980, to address the inequities 

in health that had existed prior to 1980, Zimbabwe adopted the concept of Equity in Health and the 

Primary Health Care Concept. The Primary Health Care idea was adopted from the Alma Ata 

Declaration of 1978. Initially, indeed, this resulted in the narrowing of the gap between health in rural 

areas and urban areas.  Over the years, however, there have been clear indications of growing inequities 

in health and health care, as a result mainly of Economic Structural Adjustment Policies, 1991- 1995 

(ESAP) and health policy changes. Many health indicators, such as infant and child mortality have been 

eroded by the impact of HIV/AIDS and there is reduced access to affordable essential health care. For 

example, life expectancy at birth was 56 in the 1980s, increased 60 in 1990 and is now about 43. 

Morbidity (diseases) and mortality (death rates) trends in Zimbabwe show that the population is still 

affected by the traditional preventable diseases and conditions, that include nutritional deficiencies, 

communicable diseases, pregnancy and childbirth conditions and the conditions of the new born. The 

deterioration of the Zimbabwean health services sector has also partially been due to increasing 

shortages of qualified personnel. The public sector has been operating with only 19% staff since 2000.  

Many qualified and competent health workers, due to the unfavourable political environment left the 

country (Mbengeranwa 2006; Chihaka and Dhlakama 2009). 

The health system in Zimbabwe has been operating under a legal and policy framework that in essence 

does not recognize the Right to Health. No pre-independence constitution nor the Lancaster House 

constitution which was for 30 years,  the  Constitution of Zimbabwe, made specific provisions for the 

Right to Health. Keys aspects of the Right to Health. 

Progress made in 1980s characterized by adequate financing of the health system and decentralized 

health management and equity of health services between urban and rural areas which saw dramatic 

increases in child survival rates and life expectancy, was, unfortunately, not consolidated. 

http://www.rcz.ac.zw/


10th Zimbabwe International Research Symposium Book of Papers Presented (ISSN: 2412-2386) 

Published by Research Council of Zimbabwe   

Website: www.rcz.ac.zw  875 

 

 As of 2000 per capita health financing stood at US$8.55 as compared to US$23.6 which had been 

recommended by the Commission of Review into the Health Sector in 1997. At the beginning of 2008 

it had been dramatically further eroded and stood at only US$ 0.19 leading to the collapse of the health 

system and hence the cholera epidemic. Today many, a Zimbabwean, wonder what would happen if 

there was going to be a confirmed case of Ebola. 

Any health system that evolves  has a vital and continuing responsibility to people throughout their life 

span and, is crucial to the healthy development of individuals, families and the society. This inevitably 

makes health care a practical as well as a political issue requiring thinking outside and beyond the 

parameters of mainstream economics and of historical precedents. 

A current discussion of the socioeconomic development of Zimbabwe that focuses on the country’s 

health sector since 1980 must recognize four distinct phases viz: 

a) 1981 – 1989, a period of redistribution without growth and productivity which gave an impres-

sion of growth and massive socioeconomic development (Ndlela, 2008). There was an impres-

sive expansion in the social services using aid funds  to develop the process (Raftopoulous, 2004) 

b) 1990 –1997, a period of stagnation due to the devastating effects of economic structural adjust-

ment policies which placed the ‘market’ in a central position of dominance and arbitrator of all 

processes (World Bank, 1993).  

c) 1997- 2008, a period of reversal of growth and, the introduction  and formulation of the Poverty 

Reduction Strategy Papers (Ndlela 2008) 

d) 2008 – 2014, a period beginning 2009 when there was the so called ‘government of National 

Unity’ and things started to pick up and the future looked brighter. This was a period in which 

people looked forward to transformation leadership. A new constitution was drafted and ac-

cepted. 

Unfortunately the drafters of the constitution, supposedly transformational leaders, appeared not to have 

understood or deliberately ignored the submission made concerning the Right to Health (Rusike 2014). 

A close look at the new constitution addresses matters related to health in an indirect way. As a matter 

of fact, the constitution does not capture the important characteristics of the right to health as they are 

classified in general comment Number 14 (2000) on the right to health, adopted by the Committee on 

Economic, Social and Cultural Rights, a United Nations body. 

The proper way to deal with many health problems facing Zimbabwe today requires transformational 

leadership and true empowerment of people to make informed decisions and to be responsible for their 

own health.  

It was against this background that a study was carried to investigate the level of awareness of the 

provisions related to health matters in the 2013 Constitution and people’s expectations. The purpose of 

the investigation was to identify ways of how the new constitution through transformational leadership, 

could be used to for the realization of the important characteristics of the Right to Health, a fundamental 

human right. 
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METHODS 

The survey used both qualitative and methods to collect data that was used for the identification of the 

different ways that the leadership in health could employ towards realization of the important 

characteristics. Data was collected from 940 participants in Bulawayo, Harare, Mutare and Masvingo 

and further 100 participants from growth points around Harare took part: about 250 individuals aged 

above 18 years, comprising of roughly 50% of both genders in each city were randomly selected and 

interviewed. Effort was made deliberately to include as many in-school boys and girls. Therefore to a 

limited extent the sampling of participants became purposive. 

Two focus group discussions with 15 individuals between 18 and 60 years, were carried out only in the 

two big cities, Bulawayo and Harare. After obtaining permission from the participants, the discussion 

was captured using several cell phones for later transcription and review. The focus group discussions 

were started by the following broad the opening question: ‘How do you feel about the health care 

delivery services in the community? The responses to the question were then followed up by discussion 

around the constitution in general and the Bill of Rights in particular, with particular emphasis on the 

Right to Health. These results from the discussion were then used to develop questions for the 

questionnaire which was pre-tested and then randomly administered on the streets of the four big cities, 

namely Bulawayo, Harare, Masvingo and Mutare and a few growth points around Harare. 

The questionnaire captured demographic data of the respondents and their answers to questions related 

to: 

1. Knowledge and understating of the constitution and its provisions 

2. National Objectives as contained in the constitution 

3. Interpretation of the Bill of Rights 

4. Interpretation of the Right to Health and the Right to Health Care 

5. The relationship between ill health and poverty 

Key informants, in other words executives, from the Zimbabwe Traditional Healers Association 

(Zinatha), Community Working Group on Health, Consumer Council of Zimbabwe, Nutrition Council 

of Zimbabwe and Zimbabwe Water Authority were also interviewed. 

Simple descriptive statistics were use to analyse the data collected from focus group discussions and 

structured interviews. 

RESULTS 

Table 1 is a summary of the demographic information of the participants who took part in the 

investigation. The average age was 30 years and most participants were unemployed and single.  It can 

also be seen that all the participants had at least 12 years of schooling, in other words Ordinary Level 

/High School education, suggesting that the participants were literate. They all reported that they had 

access to a newspaper and that they had heard about the new constitution. 
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 Table 1. Demographic characteristics of participants 

Characteristic Percentage 

Males 55% 

Female 45% 

Age range 19 – 65 years 

Average age 30 years 

Educational background (At least 12 years of 

schooling) 

100% 

Employment 

1. Formal 

2. Informal 

3. Unemployed 

 

10% 

28% 

62% 

Marital status 

1. Married 

2. Single 

 

32% 

68% 

During the focus group discussion it was clear that there was general dissatisfaction with the healthcare 

delivery system and in particular, lack of empathy at the health care facilities. In other words, the 

participants reported that there was no strong alliances between the healthcare professionals and patients 

that was based on trust. They also decried the poor environment of the hospitals. In fact, hospitals were 

now considered as places to go and die. There was also a feeling that, in general, there was no effective 

leadership in the healthcare environment. 

During the discussion it was clear that the participants had an idea about the Bill of Rights but did not 

appreciate fully the interpretation of each right, and in particular the Right to Health Care as opposed to 

the Right to Health. 

Later, all participants during the interviews also knew about the new constitution but were not clear 

about the contents and the interpretation of the Bill of Rights even though they knew about them. When 

asked about health matters, everyone expected the state to provide health care services; food and water, 

but did not fully appreciate that these were fundamental Human Rights. The state was seen by 

participants as the steward in line with the National Objectives outlined in the Constitution which very 

few people, an average less of than 10% of the participants, knew about (Table 2). Most participants 

after being informed about the objectives, still did not quite understand what they meant. In the study 

areas, rural and urban, as was found in the group discussions, the Right to Health Care, was known by 

all participants not because it was in the constitution but as an expectation from the state. The state was 

therefore expected to provide the leadership. 

The Right to Health appeared to be appreciated by members of the Consumer Council of Zimbabwe and 

Community Working Group on Health all based in Harare as shown in Table 2. Few people knew about 

the Right to Food and Water. In fact, surprisingly, an executive and engineer from Zimbabwe National 

Water Authority did not view the Right to Water as a human right. 

When asked The Right to Food i.e. Adequate Nutrition instead getting answers, the participants during 

focus group discussions and interviews the following fundamental question was raised, ‘ Why is it hat 

people who purport to be our leaders whip us into line with food security issues when it suits them?’ . 
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Almost more than   90% did not know that provision of food security was now one of the National 

Objectives clearly stated in the supreme law of the country. 

The relationship between ill-health and poverty was to a limited extent understood by vaguely only after 

probing the participant. 

Table 2. Shows average level of knowledge about different aspects of the new constitution in the 

study areas 

Provision Bulawayo 

(N=250 

Harare (N=260) Masvingo 

(N=200) 

Mutare 

(N=200) 

National 

Objectives 

6% 10% 4% 4% 

The Bill of 

Rights 

70% 80% 60% 60% 

The Right to 

Health Care 

100% 100% 100% 100% 

The Right to 

Food and Water 

4% 10% 0% 0% 

The Right to 

Health 

0% 1% 0% 0% 

Sadly, traditional medical practitioners were clueless about the constitutional provisions related to health 

in general. In fact they were of the opinion that no law should interfere with their practice in spite of the 

Traditional Medical Practice Act (1980).  

DISCUSSION 

Admittedly, healthcare services are constantly adapting to trends and policy, with healthcare 

professionals having to lead, organize and deliver care in and increasingly challenging and complex 

environment. Be that as it may, from the results obtained in the study the citizenry in Zimbabwe wanted 

to see the state maintaining a functioning health system. This obviously requires an effective 

transformational (engaging) leadership. That is, a leadership that will accomplish this by challenging 

and transforming individuals’ emotions, values, ethics, standards and long term goals by critically 

looking at the socioeconomic development of Zimbabwe, focusing on the country’s health sector since 

1980.  Participants in the study were, indeed, justified in their expectations if one had to interpret 

accurately the World Health Organization’s (WHO) definition of health. Health, according to definition 

is everything and therefore transformational leadership is expected, not from the health sector alone but 

all sectors that influence peoples’ lives in Zimbabwe. The constitution, in other words, the supreme law 

of the land, speaks directly to all those sectors. They all, therefore, form part of the health system. 

A health system that promotes good health is a fundamental precondition of much human activity under 

an effective transformational leadership because the value of health is rarely challenged. What the 

importance of health means for a government may be more controversial. However, that should not be 

the case with a government made up of transformational leaders who appreciate the WHO definition of 

health including what is meant by access to safe, clean and potable water.  
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Such leadership is aware of the fact that the governed are who they are, because of what they eat and, 

therefore, have access to good food and adequate nutrition. There would be no doubt in the mind of such 

leadership that good food and nutrition are fundamental human rights and should never be used as 

political weapons, at any time during an individual’s life. A transformational leadership takes it upon 

itself that everyone in the system is inspired, motivated and intellectually stimulated and sees to it that 

the rights are not violated.  

In every society, there is going to be room for considerable disagreement about the definition and level 

of health that should be used to clearly state what citizens can legitimately expect a government and the 

law to ensure. In literature, some argue that the role of the State is to ensure that people are as healthy 

as possible; others that the only concern of the law is preventing people becoming or being ill 

(Montgomery 1992). There is also continuing debate about the relative responsibilities of a government 

and an individual for taking steps to improve health and health services, and about the relationship 

between health services, health professionals and market forces (McHale, Fox and Murphy 1997).  The 

international law of human rights includes recognition of health and health care issues. The relevant 

clauses in the law should have been used to consider the scope of health rights and their place in the 

supreme law of Zimbabwe. It would appear the drafters of the new constitution just considered the scope 

health care issues and not that of health rights. May be they also did not understand the difference or did 

not consult and engage wide enough to have been able to capture the salient difference. 

It was therefore not surprising that many ordinary people who took part in the study did not seem to 

grasp the importance of the Right to Health as opposed to the Right to Health Care. Neither did they 

quite understand the vicious cycle of ill health and poverty. The most common response to question 

related to this was, ‘We have always been poor and shall always be poor. There is nothing new and the 

constitution cannot deal with that’. This was, indeed, a sure sign of complete despair that any 

transformational leader would need to be aware of. One would have expected Traditional Healers who 

are custodians of health in the rural communities and, to some extent in urban communities, to be well 

informed about such matters. During the study they appeared to be clueless and yet they have such an 

important role to play as transformational leaders. 

Ill health causes and contributes to poverty by destroying livelihoods, reducing worker productivity, 

lowering educational achievement and limiting opportunities. Because poverty may lead to diminished 

access to medical care, increased exposure to environmental risks, and malnutrition, ill health is also 

often a consequence of poverty. Accordingly, ill health is both a cause and a consequence of poverty. 

Sick people are more likely to become poor and the poor are more vulnerable to disease and disability. 

It would appear from the study that people had situation by accommodating the situation they found 

themselves, judging from their failure to see clearly the link between ill health and poverty. This is a 

link that needs urgent transformation in Zimbabwe. People should not look for transformational 

leadership from the health sector but from everyone in every walk of life. This calls for serious 

harmonization of all laws in the country so that they can all speak to health matters i.e the Right to 

Health in particular and not the Right to Health Care, the Right to Food and Water.  

Thus, the Right to Health has a crucial role to play in Poverty Reduction Strategies. Further, enjoyment 

of the Right to Health and not the Right to Health Care, is instrumental in securing other rights such as 

education and work.  
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CONCLUSIONS 

Leadership at whatever level and in all walks of life in Zimbabwe, needs to be an engaging leadership 

to lead, respond and adapt to change in healthcare organization and delivery. The new constitution has 

gaps in as far as keys aspects of the Right to Health are concerned. Committed transformational leaders 

in Zimbabwe need to regularly go out into the country side and continuously engage the general public 

about the new constitution and its current limitations.  In the process transformational leaders would 

need to take cognizance of the fact that the two statements contained in ICESCR (1976), Article 12 and 

the Universal Declaration of Human Rights article 25 provide a general orientation for human rights law 

or provision in any country’s constitution.  
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ABSTRACT 

The notion of Terrorism continues to be a complex concept which is also contentious for states which 

are perceived as terrorist threats and those referred as backers of “terrorist” organisations. Terrorism 

within the international community of nations has historically been identified with East, West and North 

African states and predominantly radical/fundamentalist Islamic communities. However, while scholars 

have largely left out Southern African states when analysing terrorism, the definition of a terrorist has 

been varied, including freedom fighters, liberation movements, religious organizations and even leaders 

of liberation movements like Nelson Mandela who remained on the United States of America’s Terrorist 

Watch list until 2008. Prior to independence, colonialists labelled freedom fighters as terrorists and their 

guerrilla warfare tactics as acts of terrorism until 1980. So what is terrorism? This paper seeks to 

examine what terrorism means for Zimbabwe in relation to other countries and regional bodies across 

the globe.  The paper used both documentary search and key informant interviews for data collection. 

This paper takes into consideration that Zimbabwe has recently ratified a UN Convention on Anti-

Terrorism.  This paper notes the threats posed by the internet, social media, corruption and new 

technologies with regard to terrorism. The paper concludes that the threat to terrorism remains very low 

in the country. Immigration laws and processes should be tightened. However the strong defence forces 

in the country makes it difficult to perceive any rise in terrorism or its developments. 

Key Words 

Terrorism, Zimbabwe, Conceptualisation and National Security 

1. INTRODUCTION AND BACKGROUND 

From inception, the concept of terrorism has assumed many faces, encompassing the barbaric village 

raids of the early civilizations and the more modern use of sophisticated weaponry, state sponsored 

violence in countries with political turmoil by local militias and to the use of torture, including illegal 

detentions by governments. The 11 September 2001 (9/11) attacks on the American Twin Towers 

brought the word ‘terrorism’ to more prominence than ever before. This is expected because more than 

3000 lives were lost in an instant, property worth billions of dollars destroyed and millions remained 

shocked by this catastrophic incident (Johnnie, 2004). After this tragic event, Western countries have 

been at the forefront of defining and fighting terrorism. However, the Western way of understanding and 

defining terrorism has placed Muslim communities around the world between a rock and a hard place. 

This is because Muslims have come to be largely regarded as religious fundamentalists and recognized 

as the major perpetrators of terrorism and terrorist acts across the globe. This may be true for a few 

radical “Jihadists” but may not necessarily be so for most Muslims. It is the view of the author that the 

blanket approach to defining and characterizing terrorism should not be generalized in this way.  
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This is because each and every society must have its own ways of conceptualizing the notion of terrorism 

according to its peculiar experiences, knowledge and security challenges.  However, it is of vital 

importance to also acknowledge that the notion of ‘terrorism’ is not a new phenomenon. It has been in 

use from since the dawn of civilization, through the two World Wars, the protracted Cold War and its 

aftermath. Therefore the notion of terrorism has come to personify and characterise modern day conflicts 

across many societies in the world. As a national security concept, terrorism came into formal use 

predominantly after World War Two as societies became more assertive in their quest for independence 

from colonial masters and rulers. These nascent revolutionary uprisings by local native groupings were 

seen as subversive terrorist activities by the colonial administrations of the time and they were ruthlessly 

neutralised. 

Nowadays, the term terrorism seems to have expanded beyond its early identity and role of being an 

anti-colonial strategy of fighting and waging the war for independence. Terrorism seems to have 

supplanted other forms of conflict and became a far-reaching weapon capable of affecting no less than 

the Inter-Continental Ballistic Missiles. It has also proven to be a significant tool of diplomacy, of 

foreign policy and international power for states that are more inclined to use it. Terrorism refers to 

criminal activities that are not only targeted at the United States of America (USA) and European 

countries only. As observed by Johnnie (2004) terrorism can occur in any part of the world in many 

ways and in various forms. Commonly the precipitating factors for terrorism are xenophobia (the hatred 

of foreign nationality), economic challenges, political power dynamics, selfish personal ambition, 

religious extremism, ethnicism and race among others.  These have been widely regarded as the major 

reasons for the continuous act of terrorism in many societies across the globe. Usually the operations of 

terrorist groupings are found within a single nation or particular geographic region. However, 

increasingly terrorism has taken up a multinational, cross border character with terror organisations 

having cells, branches and operations that are based in many countries across the globe, (UN Policy 

Working Group on UN and Terrorism 2002). Typical examples of terror based organisations are the 

Islamic State of Iraq and Levante (ISIL), “Boko Haram” (Western education is sacrilege) in Nigeria and 

Cameroon, Al-Shabab in Somalia and Kenya, and Al-Qaeda which has an extensive terror network 

around the globe from the Middle East encompassing Afghanistan, Syria, Pakistan, to Africa in Somalia 

and Kenya, and also in the United States of America and some European countries. Others like the 

Hammas of Palestine consider their mission as being to annihilate Israel from the face of the earth. Of 

importance to note is that, in most cases, the so called terrorists cannot match the strength of 

conventional military forces; hence they often avoid direct confrontation and often rely on guerrilla 

warfare strategies, like lone strikes, group ambushes and suicide surprise attacks. 

1.2.TERRORISM AND ITS CONTROVERSY: AN OVERVIEW  

In the last few decades, classification of the concept of terrorism has experienced an overhaul. 

Descriptive definitions of terrorism have dominated the agenda of many stakeholders, ranging from 

public policy makers to those in academic circles. Defining the notion of terrorism has continuously 

evolved into a highly contentious issue of concern globally, to citizens, governments and security or 

military establishments.  Modern day scholars, international relations commentators, experts and 

practitioners of international politics have been confronted with challenges in defining this term.   
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Scholars such as Ganor (2001) argue that “labeling a group or an individual as terrorist could be 

considered offensive, especially in today’s political environment (which is) characterized by (notions 

of) democratic norms and values.” This can be especially damaging particularly if the definition 

encircles and implicates those officials in the political arena of any nation. For example there have been 

allegations that some government officials, local community leaders and politicians have collaborated, 

sponsored or supported terrorists in countries like Pakistan, Syria, Iran, Iraq, Libya and Palestine. In the 

study of contemporary politics, labeling someone as a terrorist can serve a politically motivated purpose 

in the same way as a propagandist will help towards winning a war or help define an adversary. 

The 1937 Convention for the Prevention and Punishment of Terrorism states that terrorism  entails “all 

forms of criminal acts directed against the State and intended or calculated to create a state of terror in 

the minds of a particular person or  group of persons or the general public” (Duffy 2006:17). However, 

for Ganor (2001), defining terrorism is a grand conundrum because it has not been very easy to 

distinguish it from the acts of war, just or unjust, perpetrated by military establishments. Ganor, adopting 

a paradoxical metaphor, contends that “one man’s terrorist is another man’s freedom fighter” (ibid). 

Thus, conceptualizing terrorism is a conflict-ridden endeavor with unprecedented controversy. Of 

significance to consider in the history of international politics, is that at one moment in the recent past 

Osama bin Laden and his comrades in the Al Qaeda were celebrated as heroic freedom fighters in the 

1980s by the American Government, while on the other hand American Vice President Dick Cheney 

considered Nelson Mandela to be a terrorist, (Ganor, 2001). Nelson Mandela is celebrated by many 

people, world over as a freedom fighter who immensely fought against apartheid in South Africa. 

Therefore, it is essential to understand and define terrorism from a context bound standpoint, 

concurrently acknowledging the mutability of the meaning of both the term and observed practice over 

time. This can be done by viewing it in a different way across space and from time-to-time.  This will 

definitely help to circumvent the controversy, confusion and complications associated with the terrorism 

conception, especially during decision making processes. This same controversy has hindered a 

convergence of minds for the purpose of formulating international anti-terrorism and counter-terrorism 

initiatives and the enforcement of international agreements to combat and forestall the emergence of and 

expansion in the influence, activities and impact of terrorist organisations. 

The African continent has increasingly witnessed major incidents that have been widely regarded as 

terrorist attacks by both Western countries and the host nations in particular, over the years. Western 

nations such as the United States (US), Britain and France have been the leading societies in defining 

terrorism across the globe. They have historically played a leading role in identifying, attempting to 

neutralize and black listing terrorist groups. The acknowledged terrorist attacks on African soil include: 

the simultaneous US Embassy bombings in Kenya and Tanzania on August 7, 1998; the attacks on the 

Westgate Shopping Mall in 2014 by Al Shabab in Kenya; the kidnapping of more than 250 female 

students by Boko-Haram in Nigeria; the killing of a US diplomat in Libya in 2013. All the above listed 

incidents have been acknowledged as evidence of terrorist operations principally by Western nations.  

However, if we accept that terrorism is a crime characterized by barbaric killings aimed at inflicting 

fear, where do the deaths of former Libyan Head of State Muammar Gadhafi and of former Iraqi 

President Saddam Hussein fall? Or the persistent transgressions being perpetrated on Palestinians in the 

Gaza strip by the State of Israel.  More-so when the mere killing of UK and US citizens in those countries 

are described as terrorist killings warranting military invasion.  
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Moreover, closer to home are the recent killings of the 44 striking protestors by the police in Marikana, 

South Africa, during an employee strike are pertinent to note. Critically, the death of thousands of 

protestors in Egypt, Libya and Tunisia during the Arab Spring uprisings at the hands of the country’s 

security forces. Other troublesome instances which may give rise to complications and difficulty in 

deciphering this conception of terrorism is the issue of rebel groups fighting government forces in pre 

and post independence African States, from the Rwandese genocide, to the M23 rebels of the Democratic 

Republic of Congo (DRC), the Niger Delta, Mali, Cote Devoire, the coups in Madagascar and Lesotho, 

RENAMO in Mozambique, UNITA in Angola, the role of Simon Mann’s Executive Outcomes in 

Equatorial Guinea, and the African National Congress’s Umkhonto weSizwe in pre-independent South 

Africa. Other prominent events have to do with the issue of conflict diamonds in Sierra Leone and 

Charles Taylor’s Liberia. All these events present us with both a challenge and an opportunity to 

conceptualize terrorism from an African perspective. 

Specifically for Zimbabwe special mention must be made of the ZANLA and ZIPRA guerilla forces of 

Zimbabwe African National Union (ZANU) and Zimbabwe African Peoples Union (ZAPU) political 

parties which before independence waged a guerilla war against the Rhodesian regime. They were 

labeled as terrorist organisations at the time when they considered themselves to be freedom fighters. 

Subsequently, post independence the country also suffered the Matabeleland Disturbances in the 1980s 

and numerous bouts of politically motivated violence emerging from all sides in every decade since then 

up until the late 1990s, 2000s and more recently in the 2008 elections. These events culminated in attacks 

on police stations, bombings of political party offices, media publication houses, civilian homes, homes 

of political figures and destruction of the property of government institutions.   

Terrorism happens everywhere and in various forms. It is therefore necessary to formulate a 

comprehensive definition of terrorism in Zimbabwe. This is primarily because terrorism can be carried 

out by any one, depending on the interest at stake. This definition must include regime change agenda 

as noted in Libya 2011 and in Zimbabwe through the sanctions induced hardships of Zimbabwe 

Transition to Democracy and Economic Recovery Act (ZIDERA) and the European Union Special 

Measures on Zimbabwe. There is an increasing recognition that Africa is gradually growing into a safe-

haven for terrorist organisations and activities, irrespective of nationality, race, and religion. 

In the recent past, East, North and West African countries have experienced several dreadful and 

shocking terrorist attacks that resulted in major losses of life and mass causalities. For example, in 2012 

about 15,500 people are alleged to have lost their lives in terrorist attacks, (CNN Report of 2012). 

Consequently, the African Union (AU) deliberated and concluded that terrorism was now a major 

security concern on Africa that needed concerted mutual and collective actions. However, in most cases 

the responsible African regional and continental organizations have not been doing enough to thwart 

terrorist attacks. Moreover, the challenges facing the African Union in fighting terrorism on the continent 

have been attributed to the lack of funds, ideological differences, absence of unity of purpose and most 

importantly the lack of focus to resolve the African problems. 

Since the African continent is fast turning into an operational ground for existing and emerging terrorist 

groups, the purpose of this paper is to advocate for a comprehensive definition of terrorism in Zimbabwe, 

despite the many varying definitions used across the globe. Therefore this paper examines the concept 

of terrorism in the specific context of Zimbabwe. Questions such as what is terrorism? How is it defined 

in Zimbabwe?  
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Thus to prevent terrorism, it is necessary for Zimbabwean people to understand the political nature, 

culture, psychological and criminal orientations associated with perpetrators of acts of terrorism. The 

general population in Zimbabwe needs to be informed about terrorism related issues such as its impact 

and the legal consequences.  

2. OBJECTIVES 

The Southern Africa region is highly interconnected with networks of sea, land and air ports, railways 

and highways with vast natural resources. Amongst this milieu are caches of small arms left over from 

the many liberation struggles and civil wars fought within the region, (Armed Force Journal Report, 

2006). In the author’s view, the cumulative effect of this, compounded by political and economic 

instability, is that it provides a fertile ground and environment for proliferation of terrorist operations, if 

not properly controlled and managed.  

For Zimbabwe, a range of factors such as the internet, social media usage and broadcasting, 

technological advancements, porous borders (where smuggling of goods and persons are sometimes 

reported), corruption, increasing refugees from Eastern Africa and economic hardships as a result of 

sanctions imposed on the country since year 2000; vulnerability of the air space in relation to emerging 

technologies such as drones make the country vulnerable to terrorism and hence the need to tighten any 

perceived gaps. This paper thus intends to analyse how terrorism has been conceptualized in Zimbabwe, 

the SADC region, Africa and in other countries as well as internationally.  Through this study, the author 

identifies pointers on what terrorism means in Zimbabwean society. The paper will recommend several 

measures that will assist the security sector, government and researchers to carry out more work aimed 

at safeguarding the national security of Zimbabwe. 

3. METHODOLOGY 

This paper extensively relied on qualitative research methodology. The researcher relied on 

documentary search, the case study approach and also made use of key informant interviews.  The 

documentary search entailed comprehensive reviews of both electronic and print media to gain insight 

into contemporary developments in the field.   

4. RESEARCH FINDINGS 

 4.1. Terrorism and Africa: A Reflection 

One of the dangers facing the African continent is the ever looming threat posed by terrorism due to 

ethnic rivalry and cultural diversity. The continent possesses a large land area, huge stocks of untapped 

natural resources that are attractive to foreign terrorism of various forms, especially in the realm of 

minerals mining. Equatorial Guinea, Mali, South Sudan, Sierra Leone, Nigeria, Angola, the DRC and 

Zimbabwe have faced challenges because of their extensive mineral riches of oil and diamonds.  The 

region is increasingly becoming a fertile ground for those planning and wishing to carryout covert 

activities that are associated with terror, depending on their interests. Hence, the researcher is of the 

opinion that only comprehensive understanding of the notion of terrorism can play a pivotal role in 

combating terrorism in Zimbabwe, the SADC region and the entire African continent.   For many years 

terrorism has been defined according to foreign/Western interests.  
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Therefore, understanding the nature, forms of, causes and impacts of terrorism on the African continent 

from a country specific context would play an important role in coming up with a reasonable definition 

of terrorism that does not compromise the future interests of all stakeholders. 

Compellingly, as noted by an African Centre for Studies and Research on Terrorism (ACSRT) Report  

(2012), the apparent resilience of terrorist groups to increasingly large-scale national and international 

responses, has been the most prominent feature of the way terrorism has evolved in Africa in the past 

five years since 2007 up to present-day. Despite the ongoing efforts by individual countries, regional 

and sub-regional organizations such as the African Union, ECOWAS, and the SADC Troika on Politics, 

Peace and Security in counter-terrorism, civilians have remained the main victims of terrorism on the 

continent. Notwithstanding the hard work done by SADC and AU in combating terrorism, various new 

forms of terrorism are emerging. Terror groups such as the Al-Qaeda linked Al-Shabab in Somalia, 

Kenya and Eritrea, “Boko-Haram” in Nigeria have thrived and intensified their operations. However, 

the question of who is “Boko-Haram?” remains a perplexing issue of concern to political scientists, 

researchers, policy makers and academics. These terror groups continue to cause mayhem and nightmare 

among many Africans. The February 2014 abduction of more than 250 female students and the 

continuous attacks on public gatherings by the group in Nigeria has caused pandemonium and 

resultantly the group’s visibility has risen to prominence significantly in the recent past.  The recent 

heinous surprise attacks on the Westgate Shopping Mall in Nairobi, Kenya by the Al Shabab, as well as 

the unceasing attacks and bombings of public gatherings and abductions in Nigeria, and other parts of 

Africa exemplifies the extent to which terrorist organizations such as Al-Shabab and Boko Haram are 

willing to go to destabilize the security of any nation. The advent of biological/biochemical warfare and 

deadly, incurable viral diseases such as Ebola Viral Disease23 (EVD) may yet lead to other forms of 

terror hitherto unseen, should they go on the menu of the attack options of terrorist organisations. 

4.2.Dynamics of Terrorism in Africa 

 The concept of terrorism has been widely known for its international nature and multiple dimensions. 

Terrorists on the African continent have attracted widespread international attention.  In the midst of all 

this attention, most terror organisations have resorted to grandstanding in various ways in order to divert 

attention to their concerns. The Boko-Haram and the Movement for the Emancipation of the Niger Delta 

of Nigeria have managed to do this by conducting raids on public officials, foreigners and foreign 

companies; abductions; public executions and bombings of public gatherings. The advancement of 

attacks beyond the boundaries of the countries in which they are based is another international dimension 

that reflects the transnational character of terrorism in Africa (Shinn, 2011:1). Thus the nature of 

terrorism in Africa and the globe at large can be depicted through the characteristic of 

internationalization.   

                                                 

 

 

23 Ebola Viral Disease (EVD) is an incurable viral disease of unknown origin which causes a high fever, internal hemorrhag-

ing and bleeding from lesions and other bodily openings. It was discovered in the then Zaire in 1970s near the Ebola River, 

hence the name. 
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This paper is of the view that Africans’ understanding of the notion of terrorism should not be shaped 

by the “micro-scale analysis” of the Western definitions in responding to terrorism. Evidently, terrorism 

is not simply connected to Islam as argued by many Western nations,  it goes deeper and speaks to the 

heart of attempts by marginalized groups to get restitution or recompense for historical/societal 

imbalances.  Therefore, ideally each country must have its own understanding of the concept of terrorism 

in order to determine their way of understanding this phenomenon. It is pertinent to note that beyond 

simply defining terrorism; there are competing interests, ideas, strategic priorities and tactical 

preferences that should be considered when analyzing the notion of terrorism from an African 

perspective.  

Accordingly, it is essential that African scholars and policy-makers take the leading role in providing a 

proper and balanced definition of terrorism which can in future be used as a platform for counter-

terrorism interventions.  This paper is of the view that a balanced definition of the concept of terrorism 

gives a meaning that respects, appreciates and considers the various diverging interests, values, and the 

aspirations of the general populace of any country rather than depending on other country’s way of 

interpreting the notion of terrorism. Consequently, this is the major motive behind the need to figure out 

the conceptualization of terrorism from a Zimbabwean perspective considering the fact that Zimbabwe 

has just ratified the United Nations Convention on Anti-Terrorism. 

Strictly speaking, the terrorism notion is neither alien to nor new on the African continent as previously 

various national liberation movements across the continent were variously branded “terrorists” and 

“terrorist organizations” by the then colonial governments.  Prominent leaders in the history of the 

African fight for independence suffered the same fate. Of singular significance to note being the case of 

Nelson Mandela, who was designated a ‘terrorist’ not only by South Africa’s Apartheid Government of 

the time, but also by the Governments of various Western countries until as recently as 2008. These 

Western countries previously backed the racially predisposed regime during the time when the locals 

waged the struggle against the Apartheid system of government. This is a significant fact that has not 

been expunged from the collective memory of many Africans. Following from the historical record, the 

African people might be suspicious of international intervention in their domestic security and legal 

affairs as observed by Whitaker (2007). Such a position is the central argument of this paper that 

countries should be very careful and have their own deduced way of defining and understanding the 

terrorism concept. Essentially, Zimbabwe as a nation currently at peace should take a leading role in the 

definition of this concept in order to raise awareness among its populace.   

4.3.1 Globalization: The Leading Source of Terrorism in Africa 

In the author’s view, globalization is the source of terrorism in Africa. Held and McGrew (2007) 

convincingly define globalization as economic, political, social, cultural and technological processes 

that generate multiple linkages and interconnections in the modern world system. Globalization has led 

to a borderless world. According to the findings from this study, globalization has led to the growth in 

an environment favored by terrorist organization for easy transnational communication and cross border 

access. The emergence of rapid globalization has brought about the growing information communication 

technologies, and localized international trade networks. Despite its observed positive contribution to 

Third World countries, globalization has been largely criticized for causing more harm than good with 

regards to international peace and security, (Held and McGrew, 2007).  
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Thus, it is generating more heat than light.  International institutions such as the United Nations (UN) 

system and other organizations are also being used by powerful nations to achieve their interests through 

violent means which involves the brutal death of civilians. The disastrous outcome of the North Atlantic 

Treaty Organization’s (NATO) military misadventures and operations in Libya reflects the extent to 

which terrorism has evolved in Africa.  This military intervention singularly led to a massive backlash 

with Libya falling into utter lawlessness. 

Moreover, the negative impact of globalization is the contentious issue of cultural transformation. 

Through globalization, the African state’s authority is slowly being eroded. Powerful countries such as 

the US, France, China, Russia and Britain are establishing their supremacy in decision making processes 

related to terrorist events and counter-terrorism responses. Through globalization, recruitment, financial 

transactions and communication services have been made cheaper and easy as anyone can easily 

influence and persuade many people to join terrorist organizations in organizing and carrying out their 

operations, through online websites such as Facebook, twitter, Google and Skype. The ISIL in Iraqi and 

Syria has scored major successes in this endeavour, even reaching out to and acquiring recruits in some 

Western countries like Germany, Spain and France. Moreover, the introduction of Visa free policies in 

immigration and as a trade facilitation strategy has played a crucial role in ensuring undetected 

movement of insurgents from one country to another (Ibid, 2007). It can thus be argued that globalization 

is among the leading causes of terrorism on the African continent. Zimbabwe and Southern African 

countries should be more vigilant and increase their commitment to fighting terrorism and disbanding 

terror networks.   

4.3.Terrorism: the Zimbabwean experience 

The historical background of terrorism from the Zimbabwean standpoint illustrates that terrorist 

activities experienced in Zimbabwe are more of domestic in nature and most of them occurred during 

the liberation struggle. In other words, they are locally manufactured. However, Zimbabwe has become 

party to numerous anti-terrorism treaties including: International Convention for the Suppression of the 

Financing of Terrorism of the United Nations General Assembly signed on 9 December 1999; the 1992 

Organisation of African Unity Convention for the Elimination of Mercenarism in Africa. The country 

has gone a step further to legislate the Public Order and Security Act Chapter 11:17, which expressly 

considers terrorism as being: “the causing or furthering of an insurrection in Zimbabwe or causing 

forcible resistance to the Government or the Defence Forces or any Law Enforcement Agency; or 

procuring by force the alteration of any law or policy of the Government; commits any act accompanied 

by the use or threatened use of weaponry with the intention or realising that there is a risk or possibility 

of killing or injuring people; or damaging or destroying property; or inflicting financial loss upon other 

person; or obstructing or endangering the free movement in Zimbabwe of any traffic on land or water 

or air; or disrupting or interfering with an essential service.”  This definition is quite comprehensive 

considering it covers most of the relevant issues prioritised by both developed and developing countries.  

According to the Algiers Declaration 14 July 1999 (the Organisation of African Unity Convention on 

the Prevention and Combating Terrorism, ratified by Zimbabwe) domestic terrorism constitutes the kind 

of attacks or acts which are confined within national boundaries and does not include targets or agents 

of international nature. Therefore, this author is of the opinion that the mode of terrorism experienced 

in Zimbabwe is domestic in nature.  
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Of importance to note is that, the reported incidents of terrorism that occurred across the country during 

the liberation struggle were among the propaganda strategies used by the Rhodesian government to 

denounce the liberation/freedom fighters and to stress the cruelty, hostility and brutality of those who 

were fighting to liberate their country. Few of such episodes include the cold blooded murder of seven 

missionaries at St. 

 Pauls Musami Mission on February 1977, surprise attacks and hitting the enemy where it hurt most like 

destroying and bombing fuel tanks, bridges, road, railway lines and other surprise attacks on military 

bases across the country, (Kriger 1992). Therefore, it is from this war time period when the terrorism or 

terrorist conception came into widespread use in local Zimbabwean (then Rhodesian) society and 

particularly in the awareness of many Rhodesians as it was being used by the Ian Smith regime to 

discredit the forces and the legitimacy of the liberation fighters. As argued by Bhebe (1999) these were 

the propagandist strategies mainly intended to tarnish the image of liberation freedom fighters.  

Moreover, notwithstanding the fact that Zimbabwean people live at peace with each other in a relatively 

stable environment, the post-independence era of the 1980s is another phase to note with regards to the 

notion of domestic terrorism. This era is notorious for the Matabeleland disturbances which ended with 

huge losses of life and damage to property24. Since the early 2000s, the era of ‘multi-party’ politics, 

political tensions began to build up in the minds of many Zimbabweans, thus resulting in major incidents 

of political violence that were experienced in the country. Attacks were mainly directed at government 

security officials, buildings, motor vehicles and civilians. For example, the following incidents are 

among the major terrorism related events that were witnessed in the country: the murder by Budiriro 

residents of a police officer, Assistant Inspector Shedreck Mudzimba who was attacked while attending 

a residents co-operative meeting in 2007; the attack on a ZUPCO bus in 2007, the use of petrol bombs 

on army vehicles in 2008, petrol bombings of Marimba Police Station; and the attacks at Nehanda police 

station in the Midlands City of Gweru 2007, (Southern Times, Newspaper for Southern Africa, 18, 

February 2013). Therefore, the above cases point to the nature of terrorism that prevailed in the country, 

particularly during the post-independence era up to the current situation.  Most of the attacks were 

politically motivated and perpetrated by political party supporters especially those who were despondent 

and highly critical of the government because of the political and economic hardships of the time.  

Hence, in view of the above, Zimbabwe’s experience of internationalised terrorism is at a low level as 

most of the terrorism related incidents in the country have been domestic and the levels of response to 

these happenings have been decisive as reflected by the relative peace currently prevailing in the country. 

From the author’s view, there is no doubt that responsible authorities have been highly alert and effective 

in responding to domestic terrorism. However, it is important to acknowledge the view that, the 

relatively peaceful environment which is currently in Zimbabwe is the same peace once enjoyed by the 

Kenyans before their military intervention in Somalia; the same peace enjoyed by Nigerians before the 

formation of and the rise of Boko Haram; the same peace enjoyed by Libyans, Iraqis, Afghans and 

                                                 

 

 

24 This relates to the post independence era where dissidents refused to lay down arms and went on a rampage of targeted 

tribal killings. This led to the Government sending a detachment of soldiers to quell the disorder in a military operation 

infamously termed “Operation Gukurahundi.” 
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Syrians before being the playing ground of internationalised terrorism. Thus, with the aim of informing 

security policy, this paper calls for a comprehensive definition of terrorism from a Zimbabwean 

perspective. It is in the view of this paper that such definition would play a pivotal role in coming out 

with preventive strategies for combating internationalised terrorism that may emanate from any part of 

the globe at a local level. The objective being that every citizen will have an obligation of safeguarding 

the country from terrorism.  

4.5. ZIMBABWE’S POSITION IN THE FACE OF INTERNATIONAL TERRORISM 

Zimbabwe and many other countries in the Southern African region have been enjoying relative peace 

and tranquility with the law enforcement focus mainly being directed on organized and transnational 

crimes such as smuggling, tax evasion, tax avoidance, customs abuse, drugs, arms and human 

trafficking, money laundering and other crimes that require international collaboration (Joint UNODC 

and SADC Report, 2011). Therefore, the contemporary veracity is that the African continent is 

increasingly exposed to internationalized threats of terrorism. The questions to be asked in this segment 

is whether Zimbabwe can suffer a fate similar to that of Kenya, Somalia and Nigeria. The section also 

intends to explore the security loopholes that Zimbabwe has with regard to international terrorism. As 

noted by the Algiers Declaration (1999) international terrorism consists of acts instigated by a third state 

or group that possess international consequences. Given the above mentioned definition, these acts 

include incidents where terrorists cross national borders to strike foreign targets, select victims or targets 

because  of their connections to a foreign country, for example, such targets may be embassy buildings, 

diplomats, executive, influential businessman and academia. 

Notwithstanding the above, it is pertinent to also acknowledge that the Zimbabwean Government has 

formulated robust legislative instruments to combat the terrorist threat. Chimbaru (no date) asserts that 

the following are amongst some of the Acts of Parliament currently in force in addition to the usual 

criminal statutes:  

 Public Order and Security Act Chapter 11: 17 (POSA) 

 Foreign Subversive Organisation Act Chapter 11: 05 

 Extradition Act Chapter 9: 08 

 Criminal Matters (Mutual Assistance) Act Chapter 9: 06 

 Bank Use Promotion and Suppression of Money Laundering Act Chapter 24: 24 

 Aircraft (Offences) Act Chapter 9: 01 (now repealed and incorporated into theCriminal 

Code) 

 Aviation Act Chapter 13: 03 

 Police Act Chapter 11: 10 

 Criminal Law (Codification and Reform) Act Chapter 9: 23 (this Code has amended or 

repealed most of the criminal offences that used to be stand alone but are now incorporated 

into this single Code). 

This legislative framework is quite comprehensive, however there still remain challenges in 

implementation at the empirical level. It is also noted that this framework may be adequate in the 

instance of domestic terrorism, but it is still lacking in its specific responses to the threat of international 

terrorism. Furthermore, the noted challenges go beyond the laws themselves but extend to the politico-

socio-economic conditions prevailing in the country, creating loopholes at implementation. 
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Zimbabwe’s security loopholes in its response to international terrorism are compounded by numerous 

factors such as its geographical location relative to neighboring countries. For example, Zimbabwe is a 

transit point or a link between South Africa and the rest of other African countries by road and railway 

line. It also controls the busiest land border south of the Sahara, the Beitbridge Border Post.  

This is important primarily when assuming that the threats that are associated with international 

terrorism.  Across Africa, stretching from the Sahel to Nigeria, Central and East Africa, armed groups 

have been carrying out attacks, kidnappings and exterminations in various countries nearly on a daily 

basis. This has led to an outflow of refugees from these conflict ridden areas towards the relatively safer 

and peaceful Southern African region.  

This huge influx poses security challenges for vulnerable and unprepared countries. The newly elected 

Egyptian President, Abdul Fattah Al-Sisi on assuming office noted that “Africa is threatened by cross-

border terrorism,” at the African Union (AU) summit in the Equatorial Guinea capital Malabo (Reuters 

27 June 2014). His comments are evidenced by the blood shedding in Nigeria’s capital by Boko Haram, 

where 2000 to 2500 people were killed in attacks carried out in 2014 alone and which the government 

has been unable to prevent. Added to that is the kidnappings of more than 200 school girls in April 2014. 

The operations of Boko Haram have raised alarm in neighboring Cameroon, where the group is alleged 

to have kidnapped 10 Chinese road construction workers, in a move that has prompted the Cameroonian 

Government to send 3000 troops to its border with Nigeria, (Reuter 27 June 2014). These are instances 

in which international terrorism can be as a result of or can affect neighboring countries.  

Furthermore, an interview with a staffer from the University of Zimbabwe, Department of Political and 

Administrative Studies, revealed that since the country shares a land border with Mozambique, the ever 

lurking danger of terror attacks spilling over from Renamo rebels operating in parts of Mozambique is 

always impending. This respondent was of the view that although the rebel group is considered as a 

politically oriented movement, it will be unwise to rule out the fact that these kind of organizations can 

be influenced and used to destabilize the security of neighboring states such as Zimbabwe. This paper 

is of the view that a Renamo rebel group can be a threat to Zimbabwe’s security resembling the case in 

Cameroon as spillover effects of Boko-Haram operations in Nigeria. Therefore conceptualizing 

terrorism in the contexts of Zimbabwe is of vital importance in the prevention of international terrorism. 

More so, considering the fact that most terrorist organizations try to use the mindset of general populace 

by influencing them to join their operations of carrying out attacks, the general populace must be taught 

about terrorism and its consequences for Zimbabwe and the whole region. It is in the view of this paper 

that such teaching can be done in Zimbabwean schools, churches and rural communities. In turn, this 

way of preventing terrorism will undoubtedly lead to a more protected Zimbabwe. Threats related to 

international forms of terrorism, either emanating from countries bordering Zimbabwe or other sources 

from further afield of concern are likely to be minimized.  

Therefore, given the above, there is need for security related collaboration from the Southern African 

region mainly aimed at identifying nascent signs of emerging terrorism so as to deter and prevent any 

rise in domestic or international terrorism. The above view is strongly aligned with  the intention of this 

paper because the lessons drawn from countries such as Kenya, Uganda, Djibouti, Somalia, Cameroon 

and Nigeria illustrate the extent to which such evil violence by terrorist groups are prepared to inflict on 

civilians and each other. They perpetrate extreme atrocities. Hence, such atrocities stimulate the fear that 

you may become the next victim of a similar or worse event in the future. 
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 As noted by scholars such as Adrian (2006) such fear is buttressed by the fact that it is quite impossible 

to predict the future course of human violence, since both intentions and capabilities are constantly in 

flux. This truly reflects a small sub-state organization that occasionally engages in acts of terrorism.  

Therefore, this is the prime motivation behind the need to analyze how terrorism is defined and 

conceptualized in the Zimbabwean context. Hopefully, this may play an essential role in deterring both 

domestic and international terrorism in Zimbabwe. Further, among other security loopholes that 

Zimbabwe has with reference to international terrorism are the alleged levels of corruption.   

It is the considered view of this paper that corruption poses a serious challenge for the security sector in 

Zimbabwe since it opens a path for the infiltration and penetration into the state security apparatus by 

criminally subversive elements. In turn, this will then act as a springboard for these groups with evil 

intentions of harming the general citizenry within the country. These corrupt tendencies are mostly found 

at border posts, offices dealing with foreign individuals, such as the Immigration Department and 

refugees national identity cards (IDs), national passports and airports. As noted by the Transparency 

International Corruption Perceptions Index Report (TICPI) of 2012, in the year 2012 Zimbabwe was 

ranked 163rd out 176 on the most corrupt nations in the world. This illustrates how corruption has 

become a national concern in Zimbabwe and by extension a threat to national security. It is the 

considered view of this paper that corruption is a major security loophole that might in future 

compromise the supremacy of Zimbabwe’s security in the face of international terrorism. In support of 

the above assertion, corruption has exposed Kenya to the threat of international terrorism. After the 

September 2013 Westgate Shopping Mall attacks by Al-Shabab, Reuters cited Charles Mwanzia, a 

retired Major-General who ran military intelligence for a decade until 2005 in Kenya, saying: 

“Irrespective of how much resources you put into intelligence networks, corruption will still undermine 

your objective.” This aptly demonstrates how corruption can undermine efforts to fight terrorism and a 

weakness which terrorists will readily exploit when striving to achieve their objectives. 

Therefore, the problem of corruption among security officials across Africa continues to be detrimental 

to the fight against terrorism. For example, “Kenya’s intelligence and security forces would struggle to 

avert bloody attacks in the Shopping Mall as long as rank and file officers would be easily bribed,” as 

further noted by Edmond in his Reuter’s interview of 27 September 2013. Therefore, this reflects how 

corruption can act as a catalyst that may result in deep infiltration of the state security apparatus by 

terrorists seeking safe havens in corruption prone countries, such as Zimbabwe. This infiltration can be 

as a result of corrupt individuals working in the immigration department easily awarding permits and 

visas or due to weak immigration procedures that facilitate easy entry of foreigners into and out of a 

country (Michael, 2010). Therefore, the immigration department, law enforcement agencies and the 

Ministry of Foreign Affairs should play a pivotal role in preventing international terrorism in Zimbabwe.  

The battle against terrorism should be coupled with the fight against corruption because corruption can 

be detrimental when attempting to prevent terrorists from turning the country into their playing ground. 

Technological developments in internet technologies and the telecommunications sector, the advent of 

social networking sites and free applications such as Whatsapp, YouTube, Facebook, Google Mail and 

Binu can be abused by underground groups to foment discontent and perpetrate acts of terror through 

disinformation and covert mobilization especially of naive unwitting recruits.  
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Terrorism emanating from the use of social networking internet web-sites is viewed by this paper as a 

security challenge that Zimbabwe currently faces with particular reference to terrorism. The previously 

prevailing international peace and security environment is increasingly becoming endangered and 

complex because of the proliferation of social media.  

Countries are facing a unique 21st century challenge of maintaining the safety of their territorial integrity 

and the welfare of general populace, (Rhue and Sundararajan, 2011). Despite the fact that online social 

networking can create a virtual public sphere where the general citizenry and the political activists can 

engage in dialogue, freely express and form public opinion and publish without state censorship, the 

spread of social media blogs, Web Forums and You Tube and Chat Sites such as Facebook have impacted 

both positively and negatively in the political, social and economic affairs of many African states in 

general and Zimbabwe in particular. This problem has become a major issue of concern to the 

governments of many African states. The 2011 Arab Spring revolutions in Tunisia, Egypt and Libya can 

be attributed to the negative impact of social media by those behind regime change agendas in those 

countries. They have used social media platforms in mobilization, recruitment and for effective 

communication, (Shehata, 2011). Thus, African countries are increasingly becoming insecure due to the 

fear of negative implications of social media related to internet. It is the considered view of this paper 

that social media has come to harbor terrorist organizations such Al-Qaeda and Boko Haram as they 

regularly use social media tools linked to the internet such as You Tube and Facebook for communication 

and posting videos justifying their actions.   

Zimbabweans have experienced the severe negative psychological impacts of social media through the 

Baba Jukwa Facebook page in 2013. The page not only attracted a widespread attention across the globe 

but led to mistrust, suspicion, confusion and uncertainty amongst Zimbabwean society.   Cognizant of 

this, the writer argues that preventive strategies ought to be sought to guarantee the national security of 

the country. To support the above argument scholars such as Shown et al, (2005) indicate that for the 

past few years the internet has proved to be a invaluable tool in the hands of radicals not only to spread 

the fundamentalist ideals but also to recruit, communicate, train and decentralize, independent terrorist 

cell structures throughout the world. In Zimbabwe, internet use is posing serious threats to national 

security. This paper ranks internet usage in the country as among the security loopholes which can be 

exploited by terrorist groups to their advantage.  This is particularly true, if one is to consider the threats 

posed by the Baba Jukwa Facebook page which was perplexing in the minds of Zimbabweans. Those 

behind such acts of terrorism, perpetrating cyber crime use international aid and donations to motivate 

and encourage those seeking to harm the country. A respondent from the Ministry of Foreign Affairs in 

Zimbabwe pointed out in an interview that to prevent future occurrences, there is need for strong 

measures to monitor the use of social media in Zimbabwe. For this reason, such measures should 

encompass educating citizens on how to safely use social media at home, schools, churches and in public 

places. This must entail awareness campaigns aimed at targeting all the youths within the country. In 

this case, the youth must be the main target because lessons drawn from countries such as Tunisia, 

Nigeria and Libya prove that this age group has the most users of social media platforms and are the 

major targeted age group by terrorist organizations.  Thus teaching them about the consequences of 

misusing social media with an aim of harming the society can help to guide their behavior towards the 

use of social media platforms. 
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Furthermore, the Zimbabwe’s airspace is vulnerable to terrorist attacks as a result of new air space 

technologies such as drones. The arrest of a South Africa Pilot, Lutzkie for violating the national 

airspace, by flying in and out of the country undetected on numerous occasions without lawful authority 

is a case in point. Given the recent airspace scandals across the globe such as the disappearance of a 

Malaysian airliners in the year 2014 and the shooting down of another over Ukraine in the same year by 

secessionist rebels; airspace security is high priority. 

In his statement, concerning the deliberate violation of the Zimbabwean airspace by a South Africa 

based Pilot, Magistrate Vakai Chikwekwe, ruled that “the accused’s conduct posed a great threat to 

Zimbabwe’s national security and undermined the country’s sovereignty and territorial integrity.” In the 

ruling the Magistrate added that, “through smuggling money to invest into the country as he had alleged 

in his mitigation, nothing stopped the accused from smuggling weapons into the country or taking out 

precious stones and money made in his illegal ventures” (Bulawayo24, 2014). 

Therefore, gaps and weakness related to the national airspace is an issue of serious concern and needs 

to be resolved with strong counter measures. This is particularly because every government becomes 

vulnerable especially when the airspace is violated. Therefore, there is a need to reinforce the 

surveillance of national airspace as this can play a pivotal role in minimizing and preventing threats of 

international terrorism in the aviation arena. 

The history of international politics related to terrorism reveals that whenever a group or an organization 

publicly declares military actions against a legitimate state, such actions should be regarded as terrorist 

threats to the national security of that particular nation and should not be taken lightly. Therefore, the 

South African based Mthwakazi Liberation Front (MLF) has been placed by this research paper among 

the security threats that Zimbabwe has with regards to terrorism. According to President Yoweri 

Museveni speaking in an interview with the New African Magazine, “some groups lack clear objectives 

that justify their intentions.” For example, in light of the above assertions, the aim of seeking to have 

Zimbabwe sliced into two parts is regarded by this paper as one of the unclear objective that is being 

put forward by the Mthwakazi Liberation Front. This group is said to be determined in redrawing what 

it claims were the original historic mappings of the country before colonialism in the 19th century, (Daily 

Newspaper, 27 May 2014). The group is alleged to have burnt the National Flag of Zimbabwe in South 

Africa while on demonstrations, an act that reveals the extent to which those behind this group intend 

to harm the country if given the chance to do so. 

These kinds of threats from a group based in South Africa amply demonstrate the internationalized 

nature of terrorist threats, just like in the case of Kenya, where the source of threats came from the 

neighboring Somalia. Therefore, conceptualizing the notion of terrorism in the context of Zimbabwe is 

of vital importance to the national security of the country mainly because the country will have its own 

way of understanding, defining, detecting potential threats and countering terrorist related threats as 

mentioned and will in turn enlighten the general populace about the implications and consequences of 

terrorism.  

However, regardless of the above noted security loopholes the country has consistently made efforts to 

adopt measures to help deter and fight terror related activities. Further, Zimbabwe demonstrated its 

willingness to fight terrorism by committing itself in international fora aimed at preventing and 

combating terrorism both in the United Nations and the African Union. 
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 Hence as an effort to strengthen the fight against terrorism across the globe, Zimbabwe committed itself 

to the following conventions: the Republic of Zimbabwe became a party by ratification on the 8th of 

March 1989, (1) the Convention for the Suppression of Unlawful Seizure of Aircraft, signed at The 

Hague on the 16th of December in 1970. Though this was signed by the Rhodesian regime, the 

Zimbabwean government had to carry on with the obligations of the treaty.  

The Republic became a party by ratification on the 16th of February in 1989, (2) The Convention for the 

Suppression of Unlawful Acts against the Safety of Civil Aviation concluded at Montreal on the 23rd of 

September 1971, (ibid, 200). These examples demonstrate the extent to which Zimbabwe has expressed 

political commitment to combating terrorism locally and on a global scale. 

The Republic is also a signatory to the International Convention for the Suppression of the Financing of 

Terrorism adopted by the United Nations General Assembly on the 9th of December in 1999 but has not 

yet ratified it.  

The country also became involved by ratifying the Convention on the Prevention and Combating of 

Terrorism as a strategy adopted by the Organisation of African Unity at Algiers on the 14th of July 1999. 

In 1992 Zimbabwe signed and ratified the Organisation of African Unity Convention for the Elimination 

of Mercenaries in the threats of foreign-inspired terrorism within its own borders. Among the other 

measures at the disposal of Zimbabwe in the fight against terrorism is that Zimbabwe bided by the 

United Nations Security Council Resolution 1373/2001 which is mandatory to all Member States of the 

United Nations as well as the Convention for the Prevention and Combating of Terrorism adopted by 

the Organisation of African Unity which requires Member States to become party to instruments dealing 

with terrorist and related activities as soon as possible, (Country Report, 2005). Of importance to note 

is that the year 2014 saw Zimbabwe ratifying and being part to the United Nations Convention on Anti-

Terrorism. This move reveals the extent to which Zimbabwe has been pledging itself in an effort to 

prevent and deter the threats of terrorism on its soil and across the globe. 

Significantly, with regards to terrorist activities, through local judiciary proceedings, Zimbabwe has 

been able to deal with security threatening incidents on its soil by giving death sentences to agents of 

South African Apartheid regime who had entered the country with the sole intention of assassinating 

members of the Military wings of the African National Congress (ANC), who were residing in 

Zimbabwe in mid-1983. As observed in the Country Report, 2005, their operations were to be executed 

either using a bomb or explosive devises. Despite the fact that, the three men captured had no intentions 

of injuring or killing a Zimbabwean, their main aim was of a terrorist nature, and as such was treated as 

a threat to  national security. The three men namely Kevin Woods, Phillip Conjwayo and Michael A. 

Smith were charged with murder and sentenced to death.   Therefore these actions reflect the extent to 

which the Zimbabwean government has been devoted and dedicated to fighting international terrorism 

in the country. 

Zimbabwe’s security sector can be hugely credited for its alertness and continuously attentiveness as 

indicated when they intercepted Simon Mann’s Boeing 727-100 aircraft on 7 March 2004, carrying sixty 

seven persons which had landed at the Harare International Airport with sole intention of proceeding to 

Equatorial Guinea to topple the incumbent President Theodore Obiang Nguema Mbasogo, through a 

planned violent coup d’état. The passengers on board had arms and could resist arrest but the security 

tactics demonstrated by the Zimbabwean security officials were not permitting, (Ibid, 2005).  
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Therefore, this reflects the extent to which Zimbabwe security sector has been determined to safeguard 

the country from terrorist threats. This is the required level of alertness expected of the security services 

within Zimbabwe, especially when it comes to combating international forms of terrorism. 

4.6. CONCLUSIONS AND RECOMMENDATIONS 

Despite the fact that the African continent is displaying many factors contributing to the rise of 

international terrorist threats, it is observed that these threats arise from either the inability or 

incapability of African states to control their territory and protect potential targets from attacks. It is in 

the considered view of this paper that the African continent cannot win the war against terrorism without 

deliberate investment in capacity building within the state security and strengthen local law 

enforcement. This is very difficult to achieve since the continent is pressed by other strategic issues of 

concern which require a sense of urgency. Such urgent challenges include the combat of deadly diseases 

outbreaks such as Ebola, cholera, HIV/AIDS, food insecurity and the supply of basic commodities for 

survival of the general populace. Therefore, the only way to win the war against terrorism on the African 

continent is through conceptualising the notion of terrorism from a specific country perspective. This 

would play a pivotal role in accurately defining terrorism and creating the environment necessary to 

combat it from a nation viewpoint. 

In addition, regarding the magnitude and reality of internationalised threats of terrorism in the context 

of Zimbabwe, this paper observes that the threats of terrorism do exist but are still at an infancy level. 

This is not to say that Zimbabwe have never experienced internationalised terrorist threats or incidents, 

but the country and region has yet to experience major terrorist incidents that compare to African regions 

in the West, East and Central Africa where the presence of groups such as Al-Shabab, Boko-Haram and 

Al-Qaeda are highly prevalent. Therefore, it is important for countries in the Southern Africa region to 

maintain this reputation. To achieve this notion, there is need for increased cooperation with regards to 

intelligence sharing via reputable regional intelligence departments. Undoubtedly, this will lead to an 

improved alert system for national early warning mechanisms within the country, thereby helping to 

prevent international terrorism threats in Zimbabwe and Southern Africa as a region. 

Further, in the author’s opinion, corruption has been an insidious hitch in the fight against terrorism in 

Africa. Within the analysis of this paper, corruption has been noted as one of the security loopholes that 

Kenya and Zimbabwe have in common, with regards to fighting terrorism. Therefore for this reason, 

there is need to deploy whistle-blowers and to improve remuneration of security officials at the border 

crossing points and even all security officials in  respective countries and educating them about the 

implications if caught in corruption related activities. Furthermore, such measures need to be backed by 

border control security mechanisms such as technical gadgets aimed stimulating a sense of alertness and 

boasting communication networks of border management. It is in the view of the writer that these 

measures and strategies can play a pivotal role in deterring terrorism in Zimbabwe and other African 

states as well as across the globe.  

Moreover, weak immigration laws are an issue of major concern to African states when it comes to 

combating international terrorism. Most terrorist incidents in Kenya, Uganda, Djibouti and Cameroon 

have been attributed to cross border sources. Therefore, there is need to tighten immigration laws in 

Zimbabwe and other countries in the Southern African region.  

http://www.rcz.ac.zw/


10th Zimbabwe International Research Symposium Book of Papers Presented (ISSN: 2412-2386) 

Published by Research Council of Zimbabwe   

Website: www.rcz.ac.zw  897 

 

In an interview with an official from the Ministry of Foreign Affairs, it emerged that this strategy will 

act as a filtering and deterrent mechanism for barring unwanted or harmful elements from entering into 

the country. The air space of Zimbabwe should continue to be monitored closely. Severe punishments 

must be meted to those apprehended for violating the airspace. Besides, there is need to improve 

technical capabilities within the area of air defence surveillance, by investing and hiring relevant experts 

and installing appropriate radar equipment. This is significant to the national security of the country 

because if properly done such airspace will be immune from violation or being taken advantage of by 

those intending to harm or destabilise the country or other countries. 

In conceptualising terrorism in the context of Zimbabwe, this paper challenges the government to engage 

in awareness campaigns, educating and teaching the general public and mainly the youths about the 

repercussions of terrorist activities. The point being to help them understand the meaning of concepts 

such as ‘terrorism’, ‘terrorist’, ‘terror’ and ‘terrorist threats. This can be done by incorporating these 

ideas in schools, churches, hospitals and spreading messages of awareness on various news channels.  

In the final analysis therefore, the central argument of this paper is centred on the hope that: Central 

Government, Civil Society Organisations (CSOs), Non-Governmental Organisations (NGOs) and 

International Organisations (IOs) should spearhead initiatives to forestall and prevent the spread of 

terrorist activities. Indeed, cognizant of this, if the hearts and the minds of the general populace is won, 

these groups intending to harm and destabilize Zimbabwe and the region can be exposed, isolated and 

reported to the relevant authority and their aim will backfire on them whilst still in the pipeline. This is 

considered to be a holistic approach to counter-terrorism and it can play an important role in preventing 

terrorism of any kind on the Zimbabwean and southern African region and such. 
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ABSTRACT 

In this study, we demonstrate using a specific example of the 2008-2009 cholera outbreaks in Harare, 

the role of Geoinformation Science in safeguarding Zimbabwe from infectious diseases. We finally 

propose recommendations on how Zimbabwe could set up a Geoinformation Science based system for 

assessing, predicting and preventing threats to Zimbabwe’s security from diseases and disease vectors. 

Keywords: geoinformation, infectious diseases, threats 

1. INTRODUCTION 

Cholera is an acute intestinal infection caused by the water borne bacteria Vibrio cholerae 01 or 0139 

(V.cholerae). Infection is mainly through the ingestion of contaminated water or food (Griffith et al., 

2006). However several environmental and socioeconomic factors can predispose individuals to 

infection and contribute to the spread of the disease (WHO, 2010). Thus, the spatial distribution of 

cholera cases reflects the combined effect of environmental heterogeneity and disease dynamics. 

Therefore, understanding the spatial patterns of cholera infections is key to organizing efficient 

intervention strategies in near real time (Ali et al., 2002; Ruiz-Moreno et al., 2010; Sur et al., 2005).  

In Zimbabwe, cholera outbreaks have usually occurred in communities that border endemic 

neighbouring countries. In these instances cholera is probably imported from these endemic regions 

(Fernandez et al., ; WHO, 2009). However in the past 15 years cholera outbreaks have increased in 

frequency, severity, and have become more difficult to control especially in urban areas (Fernandez et 

al.). In Zimbabwe, the 2008 to 2009 cholera outbreaks were different from previous outbreaks by being 

the largest and most widespread cholera outbreaks yet recorded in the country. Unlike previous 

outbreaks, most cases appeared in urban centres far from the borders with endemic neighbouring 

countries (Fernandez et al year.). The outbreaks occurred against the backdrop of an economic decline 

in Zimbabwe, dilapidated and inadequate sewage disposal system and intermittent power and water 

supply in most urban areas (Pruyt, 2009). In this regard, geographic information science to understand 

the spatial pattern of  cholera outbreaks recorded in different parts of Harare beteen 2008 and 2009. 

Understanding the  the spatial patterns of these outbreaks is critical for gaining insights into combating 

similar outbreaks in future. 

The development of Geoinformation Science techniques have facilitated the investigation of possible 

disease clustering thereby providing opportunities to understand the spatial distribution of diseases such 

as cholera (Ali et al., 2002).   For example, k- nearest neighbour test was used to evaluate the clustering 

of cholera cases in Bangladesh (Siddique et al., 1992). In the same country proximity to surface water 

and high population density, low education status were identified as important risk factors of cholera in 

an endemic area of Bangladesh (Ali et al., 2002).  However, little is still known about the spatial 

distribution of cholera cases resulting from the cholera outbreaks in Harare between 2009 and 2009.  
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In this study we used the 2008 to 2009 cholera epidemic data from Harare, Zimbabwe to study the spatial 

patterns of cholera. Specifically, we tested whether there was significant spatial clustering in cholera 

cases using a K-function, as well as hotspot analysis using the Getis ord G* spatial statistic.     

2. MATERIALS AND METHODS 

2.1 Study area  

The study was conducted in the City of Harare. Harare is situated in the northeastern part of Zimbabwe 

at an average elevation of 1483 meters. It is located between 17°51'50" South and 31°1'47" East. Being 

situated on the watershed, the City of Harare and its satellite towns lie within the catchment area of the 

main sources of water supply lakes. As a result most of the drainage from the City and the towns’ flow 

into its own water supply (Gumbo B., 2000). 

The City of Harare has an estimated population of 1,896,134 (CSO, 2002) this figure was projected to 

have risen to 3.8 million people by 2010 (Gumbo B., 2000) . The social and historical construction of 

the city has led to the geographical location of more affluent suburbs, with low densities of population 

in the north and high density suburbs with high population  in the south of the city (Fernández M.  et 

al., 2010). A study carried out for Harare, revealed that the low-density suburbs of Harare had a housing 

density of 1.24 dwelling units per hectare and a population density of about 9 persons per hectare. In 

contrast, the high-density suburbs had a housing density of about 11 dwelling units per hectare and the 

population density was 110 persons per hectare (Zanamwe 1995).  

Although, the 2008, Inter-Censal Demographic Survey (ICDS) reported that 100% of the population in 

Harare had access to piped water, while 88% of the population had access to flash toilets (CSO, 2008). 

At the time of the 2008 to 2009 cholera outbreak frequent breakdown in water supply and sewage 

disposal infrastructure due to economic challenges and population pressure led to the lack of safe 

drinking water, especially in and around the cities (Mason P., 2009; Pruyt, 2009)  

2.2 Data collection 

2.2.1 Cholera cases 

Data for the study were drawn from line registers of cholera treatment centre’s (CTCs) and oral 

rehydration points (ORPs) which were established during the 2008 to 2009 cholera epidemic in Harare. 

The City Health Department in collaboration with the Ministry of Health and various Non Governmental 

Organisations (NGOs) implemented and managed two CTCs and ten ORPs, in Harare during the 

outbreaks. These facilities where situated at Budiriro Polyclinic and the Beatrice Road Infectious 

Diseases Hospital.  

Data obtained from line register’s comprised demographic data (name, age, sex, address of the patient) 

and clinical information (date of symptom onset, date of admission and treatment outcome). Institutional 

approval to access this confidential information was sought from and granted by the City of Harare City 

Health Department. The case definition of cholera was based on the Cholera control guidelines for 

Zimbabwe. A suspected cholera case was defined as any patient aged 2 years or more suffering from 

watery diarrhoea, with or without vomiting while a confirmed cholera case was defined as any case with 

a positive stool sample to V. cholerae O1 or O139.  
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Each address defining the place of residence of a patient was transformed into spatial location (x, y) 

coordinate in a Geographical information system (GIS) through geocoding. A Universal Transverse 

Mercator (UTM) coordinate system was adopted because of the localized scale of the cholera cases in 

the study area. The geo-coding led to the creation of a georeferenced dataset with point data for each 

cholera patient. Google Earth satellite data (http://earth.google.com) was used to identify and navigate 

to the structures/building matching a given residential address. The place mark tool was then used to 

name and capture the location of each place of residence. The centre of the building was used to obtain 

the x, y coordinates. Coordinate data were saved as kml files for easy import into a GIS database. Site 

plans and house numbering systems for the individual suburbs were obtained from the Department of 

Housing and Community Services of the City of Harare. This complementary information was used to 

assist the identification process in Google Earth (http://earth.google.com). 

For some suburbs like Hopely and Epworth, a handheld Global Positioning System (GPS) receiver was 

used to collect the x, y coordinates of given residential addresses as the two surburbs do not follow a 

regular house numbering system which makes it impossible use Google earth. A Microsoft Excel 

spreadsheet was used to compile and save the list of x, y coordinates of the residential addresses for 

import into the GIS database. The imported coordinate data of residential address locations were later 

converted into a point map in a GIS.  

For easy storage and retrieval of information a database was created in Microsoft (MS) Access 2007 

based on the attribute (demographic data and clinical information) and the spatial data collected. The 

MS database was later joined to the spatial data on place of residence using Arc view GIS version 3.0 

functions.  

2.3 Validation of geographical coordinates obtained from Google Earth 

We randomly selected 30 geographical coordinates obtained using Google Earth 

(http://earth.google.com). These coordinates were entered into a hand held GPS receiver and stored as 

waypoints. We then navigated to each stored waypoint. Using a questionnaire (see appendix 1) we 

confirmed whether the residential address obtained from the line register matched the x, y coordinates 

obtained using Google Earth (http://earth.google.com). We also confirmed whether cholera had occurred 

at that particular place of residence. There was a 97% match between residential addresses and the 

geographical coordinates obtained using Google Earth (www.googleearth.com ).  We found out that 29 

of the 30 of the residential addresses visited reported that cholera had occurred there during the 2008 to 

2009 outbreak in Harare. 

2.4 Spatial point pattern analysis of cholera cases over time 

We used both centrographic statistics and confirmatory statistical analyses to understand the spatial 

pattern of cholera outbreaks in Harare. We specifically used the standard distance ellipse and the K and 

L functions. The clustering of cholera cases was analyzed using spatial statistics derived from the 

Ripley’s K and L function. Essentially the K-function describes the extent to which there is spatial 

dependence in the arrangement of events and how these spatial interactions change through space. The 

K-function is estimated, including edge corrections, for n events in area A, by (Moeur M., 1993). 
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..........     Eq. 1 

Where the function Ih(dij) indicates whether or not the events i and j occurred within a distance less than 

or equal to h; and wij is an edge correction to handle arbitrary shaped regions. The K-function is often 

presented as L (h), which is a linear transformation of the K-function such that at all distances L (h) 

approximates zero under complete spatial random (CSR). The square-root transformation also acts to 

stabilize the variance in the k(h) function (Moeur M., 1993). 

……….      Eq. 2 

S- Plus was used to compute the L function. We set the maximum spatial distance for which functions 

could be estimated to 62 kilometers as this corresponds to the size of our study area. We plotted the 

calculated L function Lhat (h) against distance and  compared, this with the simulated upper and lower 

bounds of the confidence envelope for Lhat (h). Clustering is significant when Lhat (h) is greater than 

the simulated lower and upper bounds of the confidence envelope for L hat (h) (Yamada I . & Rogerson 

PA . 2003). 

We also detected hotspots and cold spots of cholera occurrence in Harare using the Getis-Ord Gi* 

statistic. The Getis-Ord Gi* considers the local sum of the distance between a feature and its neighbours 

and proportionally compares it to the sum of the distance of all features in the study area based on the 

inverse distance weighting method. The Getis-Ord Gi* statistic takes the form: 

Getis Ord Gi* statistic takes the form 

 

Where xj is the attribute value for feature j (in this case cholera case), Wij is the spatial weight between 

feature i and j based on the inverse distance weighting method and n is the number of cholera cases  

  and                     

If the sum of the distance between a cholera case and its neighbours differs significantly from the 

expected local sum, and that difference is too large to be the result of random chance, a statistically 

significant z-score results. Using the Getis Ord G* statistic, we considered each cholera cases in the 

context of neighbouring cholera cases. Since the cholera cases were represented by a number of 

individual points within a given distance of one another, we used the Collect Events tool in Arc GIS 

10.1 to snap cholera cases within a specified distance of each other together. In this case, we created a 

point map showing a unique location for each cholera case with an associated count attribute to indicate 

the number of events/snapped points.  
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The larger the z-score at a given location, the more intense the clustering (hot spot).  A statistically 

significant hotspot, was defined as a point characterised by more cholera cases over short distances 

while a cold spot is where there are few cholera cases over long distances. 

3.0 RESULTS 

Figure 2 illustrates the spatial distribution of the cholera event intensity, as well as the epicentre 

represented by the standard distance ellipse in Harare during the 2008-2009 outbreaks.  

 

Figure 2: Spatial distribution of cholera event intensity  during the 2008-2009 cholera outbreak in 

Harare. 

It can be observed that areas of high cholera intensity (in red) occurred in high density residential areas 

such as Mbare, Budiriro, Mabvuku and Hatcliffe. However, we observe that low density areas, e.g., 

Marlborough also experienced high cholera intensity. 

Malborough Flats

Hatcliffe

Mbare

Mabvuku

Budiriro

Dzivarasekwa
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Results on the analysis of clustering using  a K-function illustrate significant clustering (ObservedK > 

ExpectedK) of the cholera incidences at all distance classes considered in this study.  

 

Figure 3: K-function illustrating significant  clustering (ObservedK > ExpectedK)  in the distribution 

of cholera cases. 

Results also illustrate  that cases of cholera incidents formed hotspots in the southwestern and 

northwestern parts of Harare (Figure 4). These areas coincide with the Budiriro and Malborough areas 

respectively.  In addition, although the Mbare and Hatcliffe areas had several cholera incidences, the 

number of cases were less per dwelling unit compared with Budiriro and Malborough areas.  
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Figure 4: The distribution of the standard deviation values for the cholera cases. High standard deviation 

values (≥1.96) indicate cholera hotspots. 

Furthermore, results on hotspot analysis illustrate that Budiriro and Malborough had predominantly a 

high number of cholera incidences associated with high numbers of cholera incidences (HH), while 

Mbare and Mabvuku had high numbers of cholera incidences surrounded by low numbers (HL) of 

cholera incidences.  
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Figure 5: The distribution of hotspots for the cholera cases (HH = high number of cases surrounded by 

high number of cases, HL = high number of cases surrounded by low number of cases, LH =low number 

of cases surrounded by high number of cases,LL=low number of cases surrounded by low number of 

cases) 

In Malborough and south of Mbare, we however observe low numbers of cholera incidences surrounded 

by high numbers of cholera incidences (LH). Most of the HH and HL clusters are found within the 

ellipse covered by the standard distance. 

Overall, we observed that although cholera incidences  were spatially spread throughout the city of 

Harare, clusters of high intensity (HH and HL) dominated the southwest, northwest and the east of the 

city. Although Hatcliffe experienced several cholera cases, we observe no evidence that there was 

significant clustering in this suburb. 
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4.0 DISCUSSION 

Our results indicate the importance of Geoinformation Science techniques in predicting the epicentre of 

epidemics as well as map infectious disease hotspots. The centre of the cholera epidemic was in the 

south-western high density areas of Harare as confirmed by the standard distance ellipse in this study. 

Furthermore, hotspot analysis results indicate intense cholera clustering in the south-western and north-

western parts of the City of Harare, thereby confirming the importance of Geoinformation Science 

methods in detecting disease hotspots. We also deduce that mapping of hotspots of infectious disease 

incidents help in planning strategies for future outbreaks. 

The results of the analysis of clustering using K-function indicate that cholera incidences showed 

significant clustering at all scales considered in this study.  Although this is not surprising as cholera is 

known to be transmitted from contaminated sources of water as well as from contacts with faecal waste 

from infected persons, quantifying explicit spatial clustering patterns of this disease has not previously 

been done.  Thus, it can be deduced that the application of Geoinformation Science methods to 

understanding outbreaks help to characterise whether the outbreak is random or that it shows some 

clustering thereby helping in devising strategies of fighting the epidemic. 

Where this study differs from previous studies of infectious diseases in Zimbabwe is in our focus on 

Geoinformation Science methods to determine the nature of cholera incidence distribution. It is 

important that infectious diseases be monitored geospatially in order to have spatially explicit health 

interventions. 
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ABSTRACT 

The invasion of agroecosystems as well as natural ecosystems by Opuntia fulgida in Zimbabwe 

compromises the ability of these systems to provide goods and services to society and this has a direct 

bearing on human security. Yet, not much is known about the current as well as potential distribution of 

this invasive alien species in the country. In this study, we apply maximum entropy species distribution 

modelling to georeferenced occurrence data and a set of predictor variables in order to generate the first 

distribution maps of O. fulgida in Zimbabwe. Our results suggest that a total of 17 districts of Zimbabwe 

are vulnerable to invasion by O. fulgida and communal lands are most susceptible to invasion relative 

to other land tenure systems. We discuss the possible mechanisms of spread and highlight security 

threats posed by this invasive alien species. 

Keywords: Alien species, geospatial modelling, security 

INTRODUCTION 

In semi-arid districts of southern Zimbabwe where rainfall limits crop production, people's livelihoods 

are directly dependent on livestock production (Chenje et al. 1998). However, these semi-arid areas are 

prone to invasion by several cacti species in particular Opuntia fulgida, which is unpalatable (Henderson 

2007). The invasion of semi-arid areas by O. fulgida constitutes a serious threat to the security of farmers 

who depend on rangelands as a key source of forage for their livestock and this deserves research 

attention. By forming extensive monotypic stands O. fulgida suppress the germination and growth of 

desirable forage species and this in turn lowers the productivity of invaded rangelands. Figure 1 shows 

that O. fulgida is capable of dominating a rangeland thus reducing forage available to livestock. 

 

Figure 1. Communal rangelands at different levels of infestation by the unpalatable Opuntia fulgida 

(with white spines) in Gwanda district of Zimbabwe. The left photograph (a) taken near Manama 

mission shows a lightly invaded hill, the middle (b) photograph shows a moderately invaded rangeland 

close a homestead in Mapati village, and the right photograph (c) taken in Sibona village near Guyu 
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business centre shows a severely invaded rangeland. All photographs were taken by the first author in 

June 2010. 

In addition to reducing the availability of forage resources in a rangeland, O. fulgida can also directly 

affect livestock performance (see Figure 2). From Figure 2, we can see spiny O. fulgida cladodoles (stem 

segments) attached to different parts of the body of a cow, a donkey, and two goats. When the spiny 

segments get firmly attached to vital organs like the head and mouth as illustrated in Figure 2, the 

affected animal struggles to graze or browse and in extreme cases may die. 

 

Figure 2: Direct effects of Opuntia fulgida on domestic stock in Gwanda district. The red circles indicate 

the location on the animal where spiny O. fulgida cladodoles are firmly attached. For the bottom right 

photograph there was no need to use the circle to direct the eye. 

Wildlife are also at risk. For instance, field observations indicate that birds and even snakes can get 

entangled in the spiny segments and die (see Figure 3). From these three examples, one can deduce that 

O. fulgida affects livestock performance as well as the ability of invaded ecosystems to support 

biodiversity and this raises the questions where did the species come from? How does it spreads? 
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Figure 3: Carcasses of a cape bulbul (left photo) and a snake (right photo) entangled on Opuntia fulgida 

stems near Guyu business centre in Gwanda district. 

Opuntia fulgida is an erect and thorny perennial succulent cactus shrub belonging to the Cactaceae 

family. It can grows up to a height of 2 m. Its stems typically branch at the tip to form cylindrical, half-

curved stem joints (see Figure 1). These stems detach easily to form new individual plants. The species 

is native to South America but was introduced into tropical countries as an ornamental shrub (Coates-

Palgrave 2002, Henderson 2007). Due to its ability to naturalise, escape cultivation and spread rapidly, 

it is now classified as a serious invasive species in many countries. For example, in South Africa, O. 

fulgida was declared a weed of national significance under the Conservation of Agricultural Resources 

Act of 1993 (Act No.43 of 1993). 

In Zimbabwe, O. fulgida has also escaped cultivation and established in the wild in some parts of 

Gwanda and Beitbridge districts but there is no reliable spatial information on the extent of the invasion. 

What is even less known is which other districts are at a high risk of invasion. So far, no study has 

predicted the current distribution of O. fulgida in Zimbabwe and mapped areas at high risk of cacti 

invasion on a global scale yet this information is a pre-requisite for the successful implementation of a 

coordinated national strategy for managing cacti invasions (Masocha and Skidmore 2011). To address 

these two knowledge gaps, we apply maximum entropy species distribution modelling (Maxent) to 

georeferenced occurrence data and a set of predictor variables in order to generate maps showing the 

current and potential distribution of O. fulgida in Zimbabwe. We then discuss the possible mechanisms 

of spread and highlight security threats posed by this invasive species. 

METHODS 

Study sites 

The study was conducted in Gwanda and Beitbridge districts of Zimbabwe (Figure 4). The climate is 

semi-arid. Total annual rainfall ranges from 450 mm to 650 mm (Vincent and Thomas 

1960). The main vegetation types in the districts have been described elsewhere (Wild and Barbosa 

1967, Timberlake and Mapaure 2007), and are typical of semi-arid savannas. 

Colophospermum mopane is the dominant vegetation on heavy soils of moderate to high fertility while 

Terminalia sericea dominates on disturbed sandy soils of low fertility. Acacia srubalands are common 

on nutrient rich heavier loam soils. These vegetation types are interspersed mostly by tree/bush savannas 

of Combretum and Commiphora species (Wild and Barbosa 1967, 

http://www.rcz.ac.zw/


10th Zimbabwe International Research Symposium Book of Papers Presented (ISSN: 2412-2386) 

Published by Research Council of Zimbabwe   

Website: www.rcz.ac.zw  913 

 

Timberlake and Mapaure 2007).  Grass cover is sparse and dominated by Aristida congesta and 

Enneapogon cenchroides. Nomenclature follows Coates-Palgrave (2002) for woody species and Van 

Oudtshoorn (2006) for grasses. 

The major land uses in the districts are varied. In the communal lands, subsistence farming dominated 

by extensive cattle grazing is the main source of livelihood but donkeys and goats are also important 

sources of draft power and meat, respectively. Gwanda and Gwanda districts are some of the major 

producers of beef in Zimbabwe. There are three major safari areas in the two districts namely Bubiana, 

Tuli and Mazunga where trophy hunting of wildlife, is the main source of income and employment. The 

other major land tenure types in the districts are large-scale commercial farms, small-scale commercial 

farms, resettlement areas as well as urban areas. These land use types are associated with different land 

management practices and disturbances regimes. Variations in disturbance types and intensities may 

cause spatial variations in proneness to invasion by alien plant invaders (Vitousek et al. 1997, D'Antonio 

et al. 1999). 

 

Figure 4: The distribution of randomly selected field plots (black circles) surveyed to uncover spatial 

patterns of Opuntia fulgida invasion in relation to major land tenure systems in Gwanda and Beitbridge 

districts in Zimbabwe. 

Opuntia fulgida occurrence data 

To obtain reliable occurrence data for calibration and assessment of our predictive species distribution 

model, we surveyed 75 field plots for the presence and absence of O. fulgida towards the end of the 

summer season in April 2010. Each plot measured 30-m x 30-m in size. Field plot locations were 

distributed in a stratified random manner across major land use types in the districts as shown in Figure 
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4. Field plots were selected using a stratified random sampling technique in an open source geographic 

information system (GIS). The coordinates of each selected plot were stored in a Garmin (60 CSx) 

Global Positioning System (GPS) receiver, which was used to locate the plots in the field. The average 

GPS error was ± 5 m. Once located, a compass was used to north-orient the plots. This was done to 

ensure that field data were compatible with other ancillary data layers (e.g., mean precipitation of the 

warmest quarter) used to model patterns of O. fulgida distribution. 

To maximise data availability, the location of all O. fulgida clusters that we sighted on our way to the 

selected field plots were recorded was measured using a handheld GPS. In addition, the number of stems 

of per cluster was counted by three observers and averaged. Thus, the routes we followed served as 

additional linear transects. Data on the location and density of O. fulgida were imported into a GIS and 

used to generate a graduated symbol map showing spatial variation in density of O. fulgida in Gwanda 

and Beitbridge districts. We also report data on the number of O. fulgida per cluster as mean ± 95% 

confidence interval. 

Environmental and anthropogenic predictor datasets 

We selected a set of climatic, ecological and demographic variables that we predicted play an important 

role in the establishment and spread of O. fulgida based on the available literature on O. fulgida ecology 

(Snyman et al. 2007, Erre et al. 2009, Essl and Kobler 2009). To characterize moisture and thermal 

conditions known to constrain or drive O. fulgida growth, we downloaded minimum temperature of the 

coldest month, mean temperature of the warmest quarter, and annual precipitation from the WorldClim 

(http://www.worldclim.org) as raster grids with a spatial resolution of 30 arc-seconds or approximately 

1-km (Hijmans et al. 2005). Temperature and rainfall are known to impose energy and water constraints 

on the distribution ranges of cacti (Coetzee et al. 2009). To capture the potential effect of anthropogenic 

disturbance on O. fulgida spread, we used gridded human and livestock population density data. We 

downloaded data on human population density for the year 2005 from the Gridded Population of the 

World database, version 3 (GPWv3) at http://www. sedac.ciesin.columbia.edu/gpw (CIESIN 2005). 

Data on global cattle density for the year 2005, corrected for cattle unsuitability and adjusted to match 

FAOSTAT totals for the year 2000, were obtained from the Food and Agricultural Organisation's Animal 

Production and Health Division (FAO-AGA) at http://www.fao.org/geonetwork. We also included a 

dispersal constraint or force of invasion. This predictor variable was calculated following Václavík et 

al., (2010) as the inverse of the sum of squared Euclidean distances between each O. fulgida cluster 

sighted in the field and all other susceptible locations. 

Prior to species distribution modelling, we projected all environmental variables to a Mollweide equal-

area projection using the WGS 84 as the datum and re-sampled them to a common geo-reference at a 

grid cell resolution of 1-km using the nearest neighbour interpolation method. All the data sets were 

clipped to match the extents of the two focal districts as well as Zimbabwe. To deal with collinearity 

among predictor variables, Spearman’s correlation method was used to analyse the correlation between 

environmental predictors. Inspection of the correlation matrix revealed no cases of high multi-

collinearity; all the seven variables had a correlation coefficient smaller than 0.5 (Coetzee et al. 2009, 

Dormann et al. 2012). 
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Species distribution modeling 

In this study, maximum entropy species distribution modelling (Maxent) was used to predict the current 

distribution of O. fulgida in Gwanda and Beitbridge districts as well as the potential of the species 

throughout Zimbabwe from georeferenced occurrence data and predictor variables assembled. Maxent 

was selected for its ability to reliably predict species distribution from presence only data (Phillips et al. 

2006). Maxent was run using Maxent (version 3.3.3k), which is accessible in the public domain 

(www.cs.princeton.edu/~schapire/maxent). Models were calibrated on a random sample of 70% of the 

occurrence data and evaluated on the remaining 30% dataset using the area under the curve (AUC) of a 

receiver operating characteristic plot (Araujo and Guisan 2006). The maxent models generated yielded 

excellent results (AUC > 0.91at the district and national levels). 

RESULTS 

Figure 5 shows the distribution of localities where Opuntia fulgida was observed in Beitbridge and 

Gwanda districts of Zimbabwe. We observe that with the exception of Beitbridge town, O. fulgida is 

present mostly in communal lands especially those located in western areas of the districts. 

 

Figure 5: Point map showing the distribution of the invasive Opuntia fulgida in the administrative 

districts of Beitbridge and Gwanda in Zimbabwe. 

Figure 6 shows spatial variation in cluster sizes in Gwanda and Beitbridge districts. We observe that the 

number of individuals per cluster ranged from 1 to 10,000 individuals with a mean of 1,193 individuals. 

http://www.rcz.ac.zw/


10th Zimbabwe International Research Symposium Book of Papers Presented (ISSN: 2412-2386) 

Published by Research Council of Zimbabwe   

Website: www.rcz.ac.zw  916 

 

From Figure 6 we can see that the biggest clusters with more than 5,000 individuals are found near large 

settlements as well as business centres such as Guyu in Gwanda district. 

 

Figure 6: Spatial variation in number of Opuntia fulgida stems per cluster between major land use types 

in Beitbridge and Gwanda districts of Zimbabwe. Notice the number of individuals in a cluster is 

proportional to the diameter of the red circles. 
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Predicted current distribution of Opuntia flugida in southwestern Zimbabwe 

Figure 7 illustrated the predicted current distribution of Opuntia fulgida in the administrative districts 

of Beitbridge and Gwanda based on maximum entropy modelling. One observes that the current 

distribution of O. fulgida is patchy. Both the northern and eastern areas are predicted to be not yet 

invaded. By contrast, O. fulgida is predicted as present in the western areas of the district with a high 

probability. 

 

Figure 7: Predicted current distribution of the invasive cactus Opuntia fulgida based on maximum 

entropy model in the administrative districts of Beitbridge and Gwanda, Zimbabwe.The presence of O. 

fulgida was predicted a high accuracy (Area under the curve = 0.924). 

Potential distribution of Opuntia fulgida in Zimbabwe 

Figure 8 maps the predicted potential distribution of O. fulgida in Zimbabwe. We observe that in 

addition to Gwanda and Beitbridge, O. fulgida can potential spread into the following 15 dry districts 

of the country: Hwange, Binga, Bulilima, Mangwe, Umzingwane, Insiza, Mwenezi, Chivi, Zvishavane, 

Chipinge, Buhera, Mutasa, Mudzi, Rushinga and Hurungwe. In contrast, the wetter districts located in 

along the central watershed are predicted as least suitable for O. fulgida. 
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Figure 8: Predicted potential distribution of the invasive cactus Opuntia fulgida based on maximum 

entropy model in Zimbabwe. Cooler colours indicate low habitat suitability while warmer colours 

correspond with high habitat suitability. 

DISCUSSION 

We used maximum entropy modelling to characterise the current geographic patterns of the invasive 

cactus Opuntia fulgida in relation to major land tenure systems in two administrative districts of 

Zimbabwe. Our results indicate that communal lands are most susceptible to invasion by O. fulgida. 

Both the number of present localities as well as cluster sizes were considerably higher in communal 

lands compared to other land tenure categories. The potential mechanisms to explain this differential 

pattern of invasion were beyond the scope of this study. However, field observations suggest domestic 

herbivores play an important role as main dispersers of O. fulgida in communal lands since O. fulgida 

is known to spread efficiently through attachment to animals (Ridley 1962). Indeed in the field, different 

types of livestock in particular cattle, donkeys and goats were observed with O. fulgida segments 

attached to their bodies. 

Another interesting feature of our results is that O. fulgida was found in bigger clusters mostly near 

human settlements and was virtually absent other land tenure types. This positive association between 

O. fulgida density and communal land management practices suggest that human disturbances may be 

facilitating the invasion. Similar patterns have been reported for other invasive alien species such as 

Lantana camara in Zimbabwe (Masocha 2010) and Chromolaena odorata in South African savannas 

(Van Gils et al. 2006). These results together with those in the literature allow us to suggest a possible 
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invasion pathway for O. fulgida in Gwanda and Beitbridge districts.  First, communal farmers may have 

introduced O. fulgida into the districts both as an ornamental shrub and natural hedge to keep livestock 

out of their crop fields. Second, once established mostly at homesteads or around agricultural field 

boundaries after cultivation by people, O. fulgida could have spread into rangelands utilising livestock 

as major vectors of dispersal. Based on the above reasoning, we can deduce that humans are responsible 

for long-distance dispersal of O. fulgida while domestic herbivores contribute towards its short-distance 

dispersal. The current spatial patterns of O. fulgida invasion in Gwanda district characterized by 

localised patchiness of invasion fit this proposed mechanism. 

If this mechanism is confirmed, it suggests that the deliberate introduction of cactus species for whatever 

reasons constitute a potential security risk in Zimbabwe given that the country lacks resources to tackle 

the problem of invasive species. Perhaps what is even more worrisome from a natural security viewpoint 

is the prediction that as many as 17 districts of the country located in the drier regions of the country 

(i.e., those that receive 600 mm of mean annual precipitation or less), which harbour more than a third 

of the country's human population are predicted at risk of invasion by O. fulgida. Given that O. fulgida 

is known to cause substantial damage to agriculture (Paterson et al. 2011) measures needs to be put in 

place to prevent its introduction in areas that were clearly predicted as potential areas suitable for its 

establishment. In addition, swift action needs to be taken on the ground to contain O. fulgida before it 

further spreads from communal lands to other areas in the districts. The current localised nature of its 

distribution in Gwanda and Beitbridge districts suggest that O. fulgida invasion is still in its early stages 

hence the battle to contain it can be won. 

What makes this study different from previous studies is in the application of a species distribution 

modelling framework in geographic information system environment to characterise and generate maps 

showing the current and potential distribution of the invasive O. fulgida at different spatial scales. The 

maps generated in the present work can be used for targeted surveillance and control of this invasive 

cactus in the country. 

CONCLUSION 

We sought to model and characterise the spatial distribution of one of the worst invasive cactus species 

(Opuntia fulgida) in Zimbabwe. Our study has shown clear spatial differences in the species's pattern of 

invasion. Based on the evidence gathered, we conclude that (i) all 17 dry districts of Zimbabwe are 

vulnerable to invasion by O. fulgida; and (ii) communal lands are most susceptible to invasion relative 

to other land tenure systems. 
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The End  
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