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Background of ZIRS
The Research Council of Zimbabwe (RCZ) is a statutory body established in terms of the
Research Act [Chapter 10:22]. It is mandated to promote, direct, supervise and co-ordinate
research. The RCZ hosted the 11th Edition of the Zimbabwe International Research Symposium
(ZIRS) on 16 and 17 February 2017. The theme of this symposium was “Research for
unlocking entrepreneurship: Bridging the gap”.

The Symposium sought to link

entrepreneurs with research results for the production of quality goods and services.
Entrepreneurs are important contributors to job creation, poverty elimination and economic
transformation. While there is common interest in harnessing this potential, support of targeted
and evidence-based strategies to promote growth of the sector in the developing world is
required. One such strategy is providing a platform (symposia) for acquiring new knowledge
to innovate.
To date the RCZ has successfully held eleven symposia under the following themes:


2017: Research for unlocking entrepreneurship: Bridging the gap



2015: Research for Empowerment and Socio-economic Transformation.



2013: Driving Socioeconomic Development through Research Output



2007: Knowledge Based Development for Zimbabwe



2004: Impact of Innovative Science and Technology on National Wealth Creation



1999: A century of Science and Technology Challenges for the Next Millennium



1996: Towards Capacity Building in Science and Technology



1994: Advances in Productive and Sustainable Applied Technologies



1992: Innovation, Self-Reliance and Development



1990: No theme



1988: No theme
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Overview of the 11th ZIRS
Official Opening
The Official Opening Ceremony was on the morning of 17 February 2017. His Excellency, the
President of the Republic of Zimbabwe, Cde. R.G. Mugabe was the Guest of Honour. He was
accompanied by Vice Presidents, Hon. E.D. Mnangagwa and Hon. Cde. P. Mphoko. The Chief
Secretary to the President and Cabinet and his Deputies also graced the occasion. The high
level delegation included Hon. S. Nyoni, the Minister of Small and Medium Enterprises and
Co-operative Development and the International Speaker, Mr. Ravindra Nath, Chairman of the
National Small Industries Corporation of India. The International Speaker highlighted major
elements for creating an enabling environment for SME developments were policy regimes
that support growth of the sector, finance, sustainable, technology and productivity initiatives
were required. Zimbabwe can draw lessons from India by promoting inter-institutional
linkages, setting up small scale finance banks and reduction of tax rates for SMEs and
continued provision of business skills to SMEs. His Excellency, the President confirmed
Government’s commitment to fund research and emphasised the need for continued
networking between researchers and entrepreneurs beyond the Symposium.
Research Papers in the Book
A total number of 97 papers were presented during the Symposium. Five were in Plenary
Session and 92 papers during the Parallel Sessions. The Plenary Speaker from India proposed
technologies for adoption by SMEs in Zimbabwe. These included but were not limited to millet,
tomato and peanut and cassava processing. The Plenary Speaker from India further pledged the
Indian Government’s support in setting up these technologies through the Incubation Centre
Programme. In Zimbabwe work is at an advanced stage to commission the Incubation Centre
in Waterfalls, Harare in addition to the Harare Institute of Technology Hi-Tech Centre which is
already functional.
The Secretary for Mines and Mining Development gave an overview on Small Scale Mining
in Zimbabwe and emphasised that small scale mining is a business and should be treated as
such hence the need for research. Small Scale miners were said to be mainly dominant in the
extraction of gold, chromite, tantalite and semi-precious stones. Major challenges for the sector
were poor health and safety standards; and limited technical expertise and knowledge.
13

Interventions proferred by Government towards the sector’s viability included educating and
monitoring small scale miners on compliance to statutes on safety, health and environmental
issues. Possible partnership with the Indian Government in supply of appropriate exploration,
mining and beneficiation equipment was recommended.
The Zimbabwe Energy Regulatory Authority’s (ZERA) is applauded for continued support for
the symposium in particular and energy research in general. The ZERA Chief Executive Officer
(CEO) presented a paper on accelerating access to modern energy through R&D. Particular
focus was on research in renewable energy in line with the ZIMASSET target of increasing the
country’s energy generation capacity by 300MWi. She also mentioned ZERA’s contribution in
supporting renewable energy projects in Solar Biogas Tobacco Curing, Solar water heating
efficacy, Jatropha Multi- purpose plant, and increased production of biofuel. The CEO
emphasised the need to increase R&D in other sectors besides energy.
Parallel Sessions and Papers Presented
Ninety-two (92) papers were presented during the Parallel Sessions under the four thematic
areas namely; Social Sciences and Humanities, Sustainable Environment and Resource
Management, Promoting and Maintaining Good Health, and the National Security theme areas.
The expected number of papers was 119. The breakdown on papers presented per theme area
is shown in Table 1. There were institutions represented from countries including, Botswana,
Namibia, South Africa, Zambia, India, Dubai & United States of America and Zimbabwe.
Table 1: Papers Presented at the 11th ZIRS
Theme Area

Sessions

Expected

Papers Presented

Papers
Social Sciences and Humanities

4

30

24 (80%)

Sustainable Environment and

12

68

54 (79%)

1

9

8 (89%)

National Security of Zimbabwe

1

8

6 (75%)

Total

18

115

92 (80 %)

Resource Management
Promoting

and

Maintaining

Good Health
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Social Sciences and Humanities
Twenty-four (24) papers were presented against a target of thirty (30) under the Social Sciences
and Humanities theme area translating to 80% turnup. The theme area was divided into four
sessions and covered issues on social media in developing and growing SMEs, financial record
keeping and measurement of profitabiliabity in SMEs, empowerment of women entrepreneurs
through microfinance services, and importance of research for bringing innovation to the
market place.
Sustainable Environment and Resource Management Theme Area
Fifity-four (54) against a target of sixty-eight (68) papers were presented under the Sustainable
Environment and Resource Management Theme Area. The theme area was divided into twelve
(12) sessions to effectively manage the high number of papers received. The average
percentage of the papers presented was at 79%. However, there was a low turn-out in one of
the 12 sessions caused by failure of authors to make it to the symposium.
Research papers addressed issues on waste management and conservation. Papers in this theme
area also focused on Agriculture with tobacco being topical among crops that included cotton,
coffee, maize, and strawberries. Commercialisation of the production of nicotinic acid from
tobacco waste was discussed and the importance of the technology for value addition to an
otherwise wasted resource noted. On the use of high analysis slow release fertilisers in tobacco
production, the benefits accrue to the farmer in the form of cost saving for fertiliser and labour.
For the entrepreneur there exists a window of opportunity to produce the high analysis slow
release fertiliser locally as currently the fertiliser is imported from South Africa with added
benefits of import substitution. Coffee was cited to have significant potential as an export crop
hence the need to widen the genotypes for the crop. Renewable energy and engineering issues
for entrepreneurial growth were also presented. The importance of educating the nation on how
to design renewable energy systems such as Hybrid Solar Systems instead of buying ready
made imports from the flea markets was emphasised. The benefits were that it empowered
entrepreneurs with energy security.

15

Promoting and Maintaining Good Health Theme Area
Eight (8) of the nine (9) expected papers were presented under Promoting and Maintaining
Good Health Theme area. The papers focused mainly on three areas which are Access to Health
Services, Occupational Health and Radiology. There were recommendations to introduce
incentives for entrepreneurs who embrace Occupational Health and Safety programs within
their operations. There was therefore, need for guidelines for the provision of OHS programs
for SMEs.
National Security of Zimbabwe Theme Area
The National Security of Zimbabwe theme area witnessed presentation of six (6) of the eight
(8) expected papers. The six papers presented during the 11th ZIRS was an improvement when
compared to three papers which were presented during the 10th ZIRS. The papers in the session
were on cyber-crime, impact of agricultural productivity on food security, climate change and
invasive species among others. The importance of participation by entrepreneurs in agroprocessing was a major recommendation given the importance of agricultural productivity on
Food Security in Zimbabwe.
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Editorial
It is now 29 years since the first Zimbabwe International Research Symposium, way back in
1988 to now 2017. From when there was no theme proffered then, to “Research for Unlocking
Entrepreneurship: Bridging the Gap” now. This theme is so appropriate when taken in
juxtaposition with the National Economic blueprint, The ZIMBAWE AGENDA FOR
SUSTAINABLE SOCIO-ECONOMIC TRANSFORMATION (ZIMASSET). It echoes the
progress that the Zimbabwe Research Council, (RCZ) has achieved since then to now. It is a
great leap into the future. In the realm of research we always build on past experience. We see
farther because we stand on the shoulders of giants.” We see for them as they saw for us” The
Research Council of Zimbabwe has come this far because the Council has built on the
experience and expertise which was initiated way back in 1988. This is highly commendable.
The 92 odd papers which were presented at this year’s Symposium represent a great
achievement of both purpose and practice. The objective of the RCZ this time round was to
encourage submission and presentation of research papers which link entrepreneurs with
research results for the purpose of the production of quality goods and services. This objective
was clearly achieved as evidenced by among other facts, 24 of the 29 papers under Social
Sciences have either the words SMEs or Entrepreneurship in their title. The papers cover Small
to Medium Enterprises and Entrepreneurship among women, the youth and generally, thus
covering the whole national spectrum of the country. Clearly the uptake of evidence based
research results and turning them into applicable technologies for the production of goods and
services is the way to go. This is also in line with the National 2014 to 2018 Strategic plan
which is guided by results based management requirements
With the Small –to- Medium Enterprises employing up to 2.9 million people in Zimbabwe (i.e.
over 50% of the country’s labour force,) research results uptake is the key to unlock
Entrepreneurship in every sector of economic activity in Zimbabwe.
The acknowledgement of the Research Council of Zimbabwe by such esteemed organisations
as the International Development Research Centre and the Department for International
Development is an affirmation that the RCZ is doing something worth noting.
For the researcher and technologist, the government’s commitment to avail financial resources
towards research and development is a song sweetly sung in tune!
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The Indian contribution, (proposed technologies for adoption by SMEs and adoption of the
Incubation Centre Programme) should be a shot up the arm for Zimbabwean SMEs. At the
same time research into Financial accountability and SMEs, Entrepreneurship and disability
and Influence of Family background and motivation and Entrepreneurship ....mundane but
down to earth concepts is an indication that research and research results uptake has come of
age in Zimbabwe.
It is often said that research without publication and uptake is like winking at someone in the
dark. You know that you are winking but no one else can see it. Research for Unlocking
Entrepreneurship: Bridging the Gap is a bold statement that the Research Council of Zimbabwe
is not winking in the dark and this “11th Zimbabwe International Research Symposium Book
of Papers Presented” is a testimony to that.
(c)
Professor CFB Nhachi
Chief Editor
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Welcome Remarks
Welcome Remarks by the Research Council of Zimbabwe Board
Chairman, Dr. M.J. Tumbare at 11th Zimbabwe International Research
Symposium: 16-17 February 2017
Salutations
Good Morning:
On behalf of the Research Council of Zimbabwe, it is my pleasure to welcome all of you to the
Official Opening of the 11th Zimbabwe International Research Symposium. In particular we
welcome you, Your Excellency, and are very grateful that you accepted officiating at this event.
Let me extend a special welcome to our International Guest from India Mr. Ravindra Nath from
India.
Your Excellency, our theme this year is “Research for Unlocking Entrepreneurship:
Bridging the Gap”. The Sub-themes for the symposium are Social Sciences and Humanities,
Sustainable Environment and Resource Management, Promoting and Maintaining Good
Health, and National Security of Zimbabwe.
The 11th Zimbabwe International Research Symposium has been unique in that it seeks to
bridge the gap between research results and entrepreneurs to achieve socio-economic
transformation. As key players in the economy, entrepreneurs increasingly need to acquire new
knowledge to innovate. The Research Council of Zimbabwe, therefore, wants to promote the
uptake of research findings by entrepreneurs through symposia.
Your Excellency, I am pleased to inform you that we are beginning to reap benefits from hosting
these symposia. The symposia have provided a platform for researchers to interact with users
of research results and present latest research results. Symposia are also a platform for
recognition of outstanding researchers and celebration of research excellence by giving various
awards.
Your Excellency, Ladies and Gentlemen
As you are aware, 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
19

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, Your Excellency that the Research Council of Zimbabwe activities
from 2014 to date have been carried out in the framework of the 2014 to 2018 Strategic Plan.
The Strategic Plan formulation process was guided by the Results Based Management
requirements, the Second Science, Technology and Innovation Policy, the Corporate
Governance Framework for State Enterprises and Parastatals, and the Zimbabwe Agenda for
Sustainable Socio-Economic Transformation Blueprint.
In implementing this plan, the Research Council of Zimbabwe seeks to position research at the
core of national development through channeling of resources towards national research
priority areas.
Allow me to mention that despite numerous challenges such as limited funding the Research
Council of Zimbabwe has registered some achievements. These include the launch of the
National Research Database of Zimbabwe which is an online integrated and comprehensive
“one stop shop” covering all public domain research in Zimbabwe. The National Research
Database of Zimbabwe has 1583 registered users and 3812 articles have been posted live on
the database.
The Research Council of Zimbabwe programmes, including this symposium, are guided by the
National Research Priorities matrixed off with ZIMASSET clusters.
Funding of Research in line with the National Research Priorities of Zimbabwe and aspirations
of the ZIMASSET remains a top priority for the Research Council of Zimbabwe.
The Research Council of Zimbabwe continues to perform its statutory obligation of registering
foreign researchers conducting research in Zimbabwe. The registration of foreign researchers
is done with the spirit of promoting collaboration between Zimbabwean researchers and their
foreign counterparts. The Research Council of Zimbabwe has improved efficiency in
registration of foreign researchers whilst safeguarding national interests associated with
shipment of specimens for research purposes. A Sensitisation and Consultative Workshop held
in 2016 provided stakeholders with an opportunity to interact with the Research Council of
20

Zimbabwe on matters of registration of foreign researchers, application process for extraterritorial shipment of specimens, and consideration of the draft Foreign Researchers
Registration Regulations.
The Research Council of Zimbabwe held its inaugural Annual General Meeting (AGM) in
2016. The maiden AGM was attended by representatives from the Office of the President and
Cabinet, Government Ministries and Departments, Private Sector and Sectorial Research
Councils. The Council’s financial statements for the year ended 31 December 2015, audited by
the Auditor General and given an unqualified opinion, were presented.
Let me conclude by thanking the Honourable Minister of Small and Medium Enterprises and
Cooperative Development for fostering the symbiotic relationship with the Research Council
of Zimbabwe and for her assistance during preparations for the 11th Zimbabwe International
Research Symposium. I would like to thank the 11th Zimbabwe International Research
Symposium Main Organising Committee under the able leadership of Dr. D. Garwe, a member
of the Research Council of Zimbabwe from the Tobacco Research Board. Let me pay tribute
to my fellow Members in the Research Council of Zimbabwe Board for their continued support
during the preparations for this symposium. To the Research Council of Zimbabwe Executive
Director Mrs. S. Muzite and your team I say thank you for the hard work.
Finally, I would like to thank the Government of Zimbabwe and all the sponsors of this
symposium for your tremendous support towards the success of the 11th Zimbabwe
International Research Symposium. Researchers are acknowledged for contributing research
papers, for without their efforts the symposium would not happen.
Your Excellency and distinguished guests thank you for affording me the opportunity to
welcome you all to this important event. It is my honour to invite Honourable Vice President
Cde E.D. Mnangagwa to the podium.
I THANK YOU
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Official Opening Speech
Address by His Excellency, the President, Comrade R.G. Mugabe, at the Official Opening
of the 11th Zimbabwe International Research Symposium, HICC, 17th February 2017
The Chairman of the Research Council of Zimbabwe, Dr Tumbare,
Honourable Vice President, Cde Emmerson Mnangagwa,
Honourable Vice President, Cde Phelekezeka Mphoko,
Honourable President of the Senate Mai Edna Madzongwe,
Honourbale Speaker of the National Assembly, Advocate Jacob Mudenda,
Honorable Ministers here present,
Honorable members of parliament,
Government Ministers here present,
Senior Government Officials,
Service Chiefs,
University Vice Chancellors,
Your Excellencies, Members from the Diplomatic Corps,
Mr Ravindra Nath Chairman of the National Small Industries Corporation of India’
Distinguished Guests,
Ladies and Gentlemen,
Comrades and Friends,
I wish to begin by commending the Research Council of Zimbabwe for consistently organising
this International Research Symposium. The Symposium brings together policy makers,
industrialists, scientists and the general public, to dialogue and share perspectives based on
national, regional and international research and experiences. I also heartily welcome you all,
and in a special way, the esteemed delegation from India, and wish them a pleasant stay in
Zimbabwe.
Mr Chairman,
The theme of the 11th Zimbabwe International Research Symposium, “Research for
Unlocking Entrepreneurship: Bridging the Gap”, resonates well with our national economic
blueprint, Zim Asset and the Ten Point Plan of 2015, which seek to promote and encourage
private sector investment whilst unlocking the potential of Small to Medium Enterprises.
22

The contribution of entrepreneurs to employment creation, poverty reduction, and socioeconomic transformation, is indeed critical not only in India, but Zimbabwe and other countries
in general. Entrepreneurs increasingly need to acquire new knowledge and skills to innovate.
This Symposium provides an appropriate platform for the uptake of research findings that will
enable entrepreneurs to produce world class goods and services that are competitive, both in
the regional and global market place.
Mr Chairman,
Society looks up to you, as the scientific community, to come up with the technological breakthroughs and innovations that will drive and underpin our national and regional
industrialisation

programmes. Advances

in

new

knowledge

disciplines

such

as

Nanotechnology, Biotechnology, Geo Informatics and Remote Sensing, should be applied to
create new improved and diversified industrial processes that will add value to our
competitiveness, whilst tackling the practical challenges that are faced by our society.
In this regard, I wish to acknowledge and commend the Scientific and Industrial Research
Development Centre (SIRDC), themselves a creation of the Research Council of Zimbabwe,
who in their work programme, prioritised research into a drought tolerant and disease resistant
maize seed variety, the SIRDA 113, that has begun to contribute, Together with other seed
varieties, to our national food security. I am informed that there is continuing research into
higher yielding and more disease resistant varieties. The prioritisation of research which relates
to the achievement of national development goals is highly appreciated by Government.
Mr Chairman,
Let me now turn my attention to India’s givenness to share its wealth of experience with
scientists, technologists and entrepreneurs, particularly SMEs, here in Zimbabwe and
elsewhere.
As you are all aware, the SMEs sector, where we have the majority of our entrepreneurs, is a
major contributor to the Gross Domestic Product of the country. Currently the SMEs in
Zimbabwe employ 2.9 million people. The 2017 National Budget Statement highlights that
over 50 percent of the country’s labour force is to be found in this sector. The sector cuts across
the agricultural, mining, manufacturing, tourism and all enabler infrastructural areas.
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With success stories having already been recorded around the globe, in China and India for
example, there is no need to reinvent the wheel on SMEs development. This is especially so
given the sound relationships that exist between Zimbabwe and India, especially in the SMEs
sector, ICTs, Energy, Education and the Pharmaceuticals sectors.
Ladies and Gentlemen,
With regard to the Zim-Indo projects, the Hi-Technology Centre, at Harare Institute of
Technology (HIT) was set up through a grant provided by the Indian Government. Housing the
centre at the Harare Institute of Technology cements the link between research, innovation and
technology particularly for entrepreneurs, and is promotive of demand driven impact oriented
research and knowledge. The Computer Numerically Controlled Machines at the Centre, not
only increase production levels, but also reduces the costs of production, thereby improving
product competitiveness.
My Government, in partnership with the Government of India, is setting up the India-Africa
Incubation Centre in Waterfalls, Harare. The Centre will afford trainees with both technical and
business management skills. We are most appreciative of the continued support from India.
The presence of the delegation of high ranking persons from India today is evidence indeed of
the strong ties that exist between our two Governments. I am confident that a lot of knowledge
exchange and networking will be continued beyond this two day Symposium.
Mr Chairman,
Government notes with satisfaction that the achievements of the Research Council of
Zimbabwe have been acknowledged by international funders such as the International
Development Research Centre and the Department for International Development. The
Research Council has been selected to participate in the five-year Science Granting Councils
Initiative, which I am informed is intended to strengthen the capacity of Science Granting
Councils. On its part, Government is committed to dedicating financial resources towards
Research and Development as stated in the Science Technology and Innovation Policy of
Zimbabwe.
Mr Chairman, Ladies and Gentlemen,
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Today we celebrate and accord recognition to our researchers by giving them awards for
outstanding research. To the award winners I wish to say Congratulations! Makorokoto!
Amhlope! The entrants, who were not successful this time, ought to try and try again, and
continue refining their research work, not only for the prize and recognition, but for the benefit
of society and the nation at large.
It is now my pleasure to declare the 11th Zimbabwe International Research Symposium
officially opened.
I thank you.
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Small Scale Mining In Zimbabwe
Francis P. Gudyanga,
Ministry Of Mines and Mining Development
fpgudyanga@mines.gov.co.zw

This paper describes the role played by the small scale miners in the mining sector. The mining
sector itself is pivotal to the economic development of the country, contributing > 53% of the
nation’s total exports, about 8.5% fiscal revenue and about 45,000 jobs, and >50% FDI inflows.
Zimbabwe has > 40 minerals that have been exploited, key among them being gold, diamonds,
PGMs, coal, chrome, iron and nickel by both large scale producers and small scale and artisanal
miners.
The small scale miners play a significant role in the extraction of gold, chromite, tantalite and
semi-precious stones. Small scale mining plays a significant role in terms of employment
creation, sustaining of livelihoods particularly in rural communities. It provides livelihoods to
more than 300 000 direct beneficiaries and more than 500 000 indirectly, absorbs vulnerable
groups in times of hardships such as economic crises and droughts. Small scale miners extract
from marginal reserves that would otherwise be classified as commercially uneconomic by
large scale miners.
Small scale mining is characterized by high degree of Informal/illegal mining operations, low
levels of compliance with environmental and other statutory requirements, lack of proper
technologies and adequate equipment resulting in inefficient mining and processing methods.
However immense business opportunities exist throughout the small-scale mining value chain:
outright purchase of the small-scale mines, Joint Venture partnerships with the local small scale
miners, supplies of appropriate exploration, mining and beneficiation technologies, skills
development, provision of sustainable projects funding. It is worth noting that most of the large
scale mining operations were discovered by the small scale miners.
The Government has come up with a number of legislative and regulatory measures, financial
capacitation, training interventions in favour of the small scale miners.
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1. Branding for Product Quality, Competitiveness and Profitability: A Case Study of
SMEs in Bindura Town, Zimbabwe
Gaylord Hlabiso
Zimbabwe Ezekiel Guti University
Stand Number 1901, Barassie Rd, Off Shamva Rd,
P O Box 350.Bindura
ghlabiso@gmail.com, +263 774 057 873
ABSTRACT
The current thought on marketing, places emphasis on product branding. This is a concept
which most small to medium enterprises in Zimbabwe have not made conscious effort to take
up, hence their poor economic performance in the competitive market place. This research
sought to investigate the extent and nature of product branding and to determine the
effectiveness of product branding in terms of product quality, market competitiveness and
profitability among SMEs in the town of Bindura. This is a qualitative research in which
purposive sampling was used to select thirty respondents. This study discovered perceptible
lack of product branding within the SMEs of Bindura Town which negates on product quality,
market competiveness and profitability. This research was significant in determining the nature
and extent of product branding as well as suggesting branding strategies for enhancement of
perceived product quality, market competitiveness and product profitability among the SMEs
of Zimbabwe.
Key Words: product, business performance, informal industries, marketing strategies, business
competition.
1. INTRODUCTION
The recent unprecedented growth in the number of small to medium enterprises (SMEs) which
are now employing about 5, 7 million people is not a peculiarity which can be apportioned only
to Zimbabwe, but this is now a common global economic observable fact. Although there is
undeniable variance in the reasons for the exponential growth rate as well as disparities in the
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nature of these SMEs, however they all seek to fulfil nearly the same aspirations which are to
reduce high unemployment rate rife among the school leavers, and also the need to rack in the
most sought after but ever evasive foreign currency for the country. SMEs are regarded as
growing small businesses, medium size enterprises and entrepreneurs, (Abimbola T. 2001: 99)
Although the presence of such SMEs on the economic landscape of Zimbabwe is a welcome
development, this informal industrial sector is festooned with its own challenges. These are
unfavourable operating environment, evidenced by “the high electricity bills, exorbitant bank
rates as well as expensive raw materials,” as alluded to by Moyo A. in the Sunday Mail of 26
October 2014. In addition, most SMEs are in dire need of recapitalization; however they are
not able to access bank loans, a situation which is being exacerbated by the poor financial
standing of the Small Enterprise Development Corporation, (SEDCO) a financial landing arm
of the government which provides revolving loans to the SMEs. Musarurwa D. in the Sunday
Mail of 13 July 2014 gives an appropriate summary when he “asserts that these local investors
are desperately gasping for breath due to operating in an environment poisoned by seemingly
insurmountable obstacles which ranges from punitive taxes, bureaucratic sloth and extortionate
costs of importing and exporting goods relative to their peers in the SADC (South African
Development Community) region.”
Having said this, it is also essential to note that, it is possible true that one of the worst problems
which have got a worse off detrimental effect on the poor business performance of SMEs in
Zimbabwe in particular, is lack of proper marketing strategies especially branding of their
products. A brand is regarded as “name, term, sign, symbol, or design, or a combination of
these, intended to identify the goals or services of one seller or groups of sellers and to
differentiate them from those of competitors” (Kotler P. 2001:469). Branding then is regarded
as all such activities which are necessary in the creation of brand which entails brand name,
brand identity, as well as brand promotion. However such a marketing strategy is still a new
idea in SMEs and this is adequately captured by Ahonen M. (2008) when he presents that
branding, especially corporate branding is often a radically new concept for people in small
and medium sized enterprises (SMEs). The scarcely existence of such a strategy has left most
SMEs balanced precariously between total extinction and economic buoyancy especially when
being faced by relentless and stiff competition from rivals, in which the fit can only survive.
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There are number of renowned authorities who postulate various plausible possibilities why
there is little branding as a marketing strategy in SMEs. Most studies reveal that branding is
traditionally considered a large company issue and lacks in SMEs businesses. To that end it is
no wonder why Krake F.B. (2005:228) is of the view that the biggest striking enigma in relation
to the absence of branding in SMEs is that attention is mainly focused on big companies and
multinationals like Nike, Coca Cola Philips or Uniliver at the expense of small embryonic
SMEs businesses. No one agrees with this idea better than Razeghi Y, et al. (2014: 121) when
they present that “most of the research efforts regarding the issues of branding have focused
on large organizations.” The absence then of product branding in SMEs should be worrisome
especially for a country like Zimbabwe which is inundated by different types of imports thus
subjecting its local products to external stiff competition. The much needed foreign currency
by Zimbabwe can be an up-hill task to attain if as a nation it cannot branding its SMEs’ products
more so in this period when it is imperative to achieve the goals set by Zimbabwe Agenda for
Sustainable Socio-Economic Transformation (ZIMASSET). It is therefore prudent for the
SMEs of Zimbabwe to embrace product branding as a proactive and responsive tool to internal
and external competitive market forces.
Even though there is an agreement to the idea that branding is a total new phenomenon in
SMEs, its significance as marketing strategy to create product perceived quality, competiveness
and profitability cannot be disputed. Product branding has known to have played momentous
functions for businesses. Branding is regarded as the process of creating and disseminating a
brand and in this case should be applied to SMEs’ individual products. A well branded product
should created four levels of meaning in customers which are attributes, benefits, values and
personality. It is these functions which should be significant for SMEs’ products in creating
consumer franchise thus they will be insulated from competitor promotional strategies, (Kotler
P. 2001:469). Most importantly brands are equal able to create enhanced perceived product
quality, profitability and helping to establish product competitive advantage, (Lukoma V. and
Nguyen KT.2012:02). Above all branding for SMEs is one of those core marketing practices
that emphasizes the continuity and connectedness of the firm with external environment of
which customers are important constituents, (Abimbola T. 2001:99).
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2. THEORETICAL FRAMEWORK
This research paper is based on investigating the extent and nature of branding in SMEs in
order to come up with branding strategies so as to enhance perceived product quality,
profitability and competitiveness. As such the customer based brand equity model by keller
(2001) was used in order to have an informed study pertaining to the various strategies which
can be used by SMEs in branding their products. This model seeks to create strong brands with
value which can enhance businesses’ profitability as well as a creating customer loyalty, thus
creating business competitive edge against rivalries. This model has got four steps which
should be followed in their order namely, identity, meaning, response and relationship in order
for a given business to build a strong brand.
2.1 Research objectives
This research will aim at achieving the following objectives:




To determine the extent and nature of product branding in the SMEs of Bindura Town.
To determine the effectiveness of product branding in SMEs of Bindura Town.
To come up with effective and relevant ways of proper product branding for
competiveness and profitability in SMEs in Zimbabwe.

3. RESEARCH METHODOLOGY
This paper used a qualitative research approach in order to have answers on why there is low
levels branding among SMEs in Zimbabwe, and to find the best branding strategies which can
be effected in order to hence product quality, profitability and competitiveness.
In order to get an informed understanding of the research problems related to SMEs branding,
an in-depth interview with open ended questions were also used. The open ended questions
enabled the researcher to solicit for more information from the respondents on branding issues
as well as allowing them to respond on their own diverse and unrestricted ways which gave
them the leeway to provide detailed and elaborate responses.
The researcher used purposive or judgmental sampling technique to select the respondents for
this research. This sampling technique was used in cognizance of time constraints as well as
financial resources to carry out this research. However this sampling technique was useful in
being able to select the most suitable respondents for this research since expert knowledge was
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required to provide a body of knowledge on reasons why there is very little branding in SMEs
as well as providing answers to pertinent issues on branding strategies.
The researcher used two SMEs district officers and twenty eight SMEs’ proprietors as part of
the respondent recruitment strategy for this research. This enabled the researcher to be assisted
by the relevant authorities in the identification of the various SMEs in Bindura Town. The
researcher had to come up with ten clusters of SMEs as indicated in table 1.The researcher had
then to select at list three SMEs per cluster for this research. Voluntary willingness of the
respondents was considered when the researcher was identifying the respondents hence it was
imperative then for the researcher to explain the nature of the interview and what was expected
of them before the interview itself. The total number of respondents then for this research was
thirty.
Table1: Number of registered SMEs in Bindura Town.
Name of cluster group

Number of registered Gender
aggregate
SMEs per cluster
proprietors per cluster
Female
Male

Carpentry
Welding
Broiler breeding
Brick moulding
Sewing
Panel beating and spray painting
Fencing
Oil pressing and butter making
Food processing and packaging
Manufacturing of detergents

39
45
20
19
39
10
12
7
5
4

Total
200
Source: Adopted from field data.

0
0
15
0
23
0
0
7
5
4

39
45
5
19
16
10
12
0
0
0
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4. FINDINGS
The content analysis approach was used to analyse the data in order to come up with apposite
findings and this entails using the Customer Based Brand Equity Model (CBBE) proposed by
Keller (2001) to come up with some relevant branding strategies for SMEs in Bindura. This
means that the research findings were discussed in view of some of the major branding ideas
from this model hypothesized by Keller (2001). The collected data was also discussed using
other applicable branding strategies found in marketing namely company name, individual
product branding, no branding as well as private labels branding.
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4.1 The nature and extend of branding in SMEs
Even though there are many small to medium enterprises in the Town of Bindura the research
findings indicate that there is a comparatively smaller number which is registered with the
Ministry of Small and Medium Enterprises and Cooperative Development, Zimbabwe as being
depicted in table 1. The rest of these businesses are not registered under this respective ministry
thus making it difficulty some times for this ministry to carry out some entrepreneurial training
skills even some times branding strategies for the benefit of the SMEs’ workers and proprietors.
Another finding from the research indicates that some of the registered members of the SME
business are usually absent from trainings conducted by the Ministry of Small and Medium
Enterprises and Cooperative Development due to the fact that they do not want to miss out on
their work in order to attend such crucial trainings which in some times may include issues on
product branding. Some of the SMEs’ proprietors do not have even one single worker hence
this becomes the major obstacle when it comes to attending trainings since they do not have
someone to leave behind managing their business whilst they are away for the trainings.
Some of the noteworthy research findings indicate that there is rudimentary to non-existence
of branding in SMEs. This idea is also in conformity with the ideas of Karake, F.B., (2005:
228) when he put forward that “what is striking, though, is that attention that is on branding
was focused only on big companies and multinationals.” The widespread and very elementary
form of branding strategy discovered by this research was company naming. The proper
company naming as a branding strategy entails using a company name to denote the products
it is marketing. However for the SMEs they use a company name to only act as a signage to
assist customers and prospective customers to only identify SMEs’ company location. These
practices of company naming under SMEs only serves to differentiate one SME company from
the other. Another additional finding is that these names given to SMEs companies act to
designate company ownership. Such SMEs with names just for identification include furniture
enterprises.
However some SMEs especially those which are into garment sewing have a semblance of
product branding even though there is practically no effort put on brand management which
should culminate into brand growth. Such branding strategy can be treated as private labels
branding. These own branding strategies entails sewing the brand labels on garment collars.
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However what is then appreciably lacking in such branding strategies is lack of brand
promotions to create brand visibility, awareness and image.
Some SMEs can presumably pursue the no brand branding strategy. This branding strategy is
the creation of a generic product in order to create brand simplicity. The product is only able to
be identified or differentiated by its unique features or colours.
For most SMEs the research findings indicated that predominately there is no product branding.
One of the key reasons which came out of this research is that most of the SME owners are of
the presumption that branding is an expensive exercise. This means that in terms of developing
a brand, many SMEs need funds and they cannot afford it, ((Hashim, S.F. et al, 2015:265). To
them building up a brand is a process which requires proper funding hence their small scale
production cannot sufficiently meet the extra costs of branding. No one agrees with this idea
better than Lukoma V. and Nguyen K.T. (2011:01) when they present that “branding is viewed
as a cost and luxury but not an investment which will in the long term be beneficial for the
business if correctly used.”
Another research finding of this paper is that most SMEs are of the view that product branding
is only a preserve for big companies whose capacity to do so is undisputable. The other
distinguished research finding is that some SMEs do not brand due to their perception that
product quality only is the major key factor in achieving customer product loyalty and
increased product sales and that they can be still competitive enough to squire up with external
imported branded products.
The most predominant finding of this paper is extensive lack of knowledge on product branding
strategies among the SME business people. This lack of knowledge is rife in nearly all the
SMEs in Bindura Town. The lack of knowledge of branding strategies came out very strongly
in the interviews carried out by the researcher. The major reasons for such lack of knowledge
on branding strategies was attributed to lack of tertiary education found among most SMEs
members of this town. This lack of knowledge on branding strategies can also be aptly
explained by the knowledge gap theory proposed by (Tichenor, Donohue, and Olien, 1970) in
Tran H. (2013: 831) who posits that “knowledge is unevenly distributed in society and that
groups with high status, typically expressed in terms of education, possess greater knowledge
than lower-status groups.” So this means that big companies with privy to branding knowledge
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are the ones which usually do product branding unlike the SMEs whose proprietors are
generally regarded as lower group status. The issue on lack of branding knowledge is also
tantamount to lack of the actually procedures, exposure on branding as well as the exposure to
laws governing branding of products among the SMEs in Zimbabwe. It is for these reasons
why the Government of Malaysia has regarded “branding as one of its main agenda in
enhancing business performance since it has identified the lack of experience and exposure
among SMEs towards branding,” (Hashim, S.F.et al, 2015:264). In other words there is lack of
education which is being provided to the SMEs even as so far as how they can register their
brands.
The other reason why there is lack of branding in the SME business is that they do not attach
importance to product branding. Most SMEs regard branding as a long process which does not
yield immediate results. The idea that branding is a form of future investment is not a sound
enough business strategy to them since most of them are in dire needs to meet daily cash
requirements. This is also in concurrence to (Hashim, S.F. et al, 2015: 265) when they put
forward that many SMEs in Malaysia ‘gave up half way through brand breeding process once
they see no immediate increment in sales and considered the process as liabilities.’
4.2 The effectiveness of product branding in SMEs
Due to lack of product branding most SMEs’ cannot adequately compete against major brands
of similar product lines. The research findings designate that the SMEs which are into garment
making are the ones which are facing the stiffest competition from imported branded clothing
to the effect that to remain viable they are reducing the prices of their wares. The other finding
from this research is that the lack of product branding among the SMEs in Bindura town has
resulted into lack of product visibility thus preventing most SMEs’ from driving high sales.
The finding is that these unbranded products are difficult to promote a setback which is further
compounded by lack of appreciation for the need to promote products among the SMEs. Lack
of product branding has also resulted into loss of customer product trust in terms of product
quality thus negating these products into relative poor market performers. Another additional
finding is that some SMEs are not able to retain customers especial those which are into
garment making because their products because customers like to be associated with reputable
branded products which in some cases is not present in this business sector. So given this
business situation some SMEs are no longer running competitive and profitable business
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enterprises. The other noteworthy findings are that the discernible and extensive lack of product
branding among the SMEs has made it impossible to create product identity, differentiation and
as well as product originality. The sum total of all this is that, it has become nearly impossible
for referral marketing to occur since customers will have no referral points to use in order for
this to happen.
It is for these reasons why there is a need to adopt Keller’s Brand Based Equity theory by these
embryonic businesses as a pursuit to build strong brands with value which would enhances
business profitability and create loyal customers thus creating a competitive edge against their
rivalries. This model has got four distinctive steps namely identity, meaning, response and
relationship, which have to be followed in the building of strong brands in their order.
The first step is brand identity. Brand identity according to this theory is based on salience
which is basically brand awareness. This means that SMEs have to make sure that their
customers are aware of the presence of their products through promotional strategies like
advertising in newspapers or televisions, which is however proving to be expensive for them
according to the collected research data. However if such brand promotional strategies are
properly carried out to the intended and right market segments they can ensure the desired
product visibility and awareness.
For the SMEs the next step is to create brand meaning for their products and this entails the
SMEs’ products meeting customers’ needs through product experience and exposure with the
product. According to the Customer Based Brand Equity theory, brand meaning is regarded as
the performance of the product which is an assemblage of primary features, product reliability,
service effectiveness, efficiency, empathy, style and design, and price. Many customers who
buy SMEs’ products look for products with all such qualities. For the SMEs this necessitates
them to be creative and innovative enough in order to meet these customer requirements and
tastes.
The third step is brand response and this has to do with feelings and judgments of the customers
towards SMEs’ products in terms of their quality, trustworthiness, relevance to their needs as
well as superiority in relation to other available products in the market. In order to achieve this,
the SMEs should uphold to the integral philosophy of branding, that it is a promise to deliver.
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It is then imperative that the products from this industry should be a solution to customers’
problems.
The last step is brand resonance which is about the strong relationship which SMEs products
should create with their customers. In other words customer experience with SMEs’ products
should result into strong relationships. This can take place if SMEs are to take an active role in
carrying out SMEs Exhibitions or SMEs Expos. This would facilitate the generality of the
customers to be in a position to taste, compare SMEs’ products with other products as well as
being in a position to get requisite information on their utility value. As so far as the SMEs can
adopt the customer based branding strategies, however they have to take into aboard the various
uniqueness of the local test market. Such idiosyncrasies which should be considered in
branding local SMEs products should include most importantly the cultural background of the
customers.
5. CONCLUSION
The main finding in this research is that most SMEs in Zimbabwe are riddled with several
problems which include poor marketing strategies as well as restrictive local council by-laws.
However lack of product branding has also proved also to be one of those major challenges
which are curtailing SMEs not to be competitive enough in terms of product quality market
competitiveness and profitability especially now when there is an incursion of braded imported
products. As such most SMEs are failing to locally retain customers, grow their business as
well as to significantly penetrate the export market. In addition, such challenges have
incapacitated this business sector from mostly earning foreign currency for this country as it is
one of those ZIMASSET anticipated targets. This means that, this business sector should make
resolute effort incoming up with apt marketing strategies such as product branding if ever it
relishes remaining relevant and viable in this business era where the world has become one big
globe and is characterized by cut throat competition.
6. RECOMMENDATIONS
The following recommendations are construed from the research findings:



Creation of platforms for teaching and training SME proprietors on branding strategies.
Availing to SMEs the various branding strategies which they can use in the branding
effort of their products.
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To provide information on product branding regulatory and registration issues in
Zimbabwe.
To come up with branding information for the SMEs’ proprietors which demystify the
conception that branding is an expensive business undertaking
To come up with a regulatory authority this can assist SMEs in branding and in the
registration of their products.
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ABSTRACT
This paper seeks to investigate improved household incomes that if accountability is
implemented at that level, then a measured progression can impact regional and national
progress. Thus, the major objective of this paper is to measure financial accountability systems
of small scale agriprenuers in rural areas, taking a case of Nyika/Rozva Irrigation scheme in
Bikita, Masvingo. The literature review was centred on development theories which revolved
around the Generally Accepted Accounting Principles (GAAP) and this was a quantitative and
qualitative research method that hinged on descriptive survey on the population of 40 irrigation
farmers and 20 non irrigation farmers. The data that was collected was presented using
frequency tables and graphs done using Microsoft Excel. The results of the research revealed
that irrigation farmers have a better living status than those non irrigating farmers. It was also
found out that the accounting standards are not being applied at all, if applied, the records will
help measure progress/development in these areas. This was concluded to be because of the
income levels from the irrigation activities. The researchers recommended that there be systems
of implementing accounting standards at that level which records will help measured
development at household levels.
Key Words: Accounting Standards, Development, Financial Accountability, Rural
Entrepreneurial Agricultural Projects, Small Scale
1.0 INTRODUCTION
Agriculture is the backbone of the economy of Zimbabwe. Historically commercial farmers
used to form the bulk of agricultural activities in Zimbabwe. They were strictly accounting.
However, recent developments in Zimbabwe have shifted agriprenuership to small scale rural
farmers. These have been in form of irrigation schemes and individualised projects. This
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research paper tries to uncover financial accountability in these modern small scale
agriprenuers in Zimbabwe, the case of Bikita, Nyika/Rozva Irrigation Scheme.
1.1 Background
In a modern society, there has always been a growing interest in how agricultural and natural
resources related projects/programs can be made more effective in reducing poverty, increasing
social inclusion, and influencing policy and institutional change in favor of sustainable
development (Elliott, 2014). This interest is expressed through learning and change, new action
of research works and policy review to investigate, develop and test new approaches and
methods (Bos, Burton, Molden, 2005).
Water is central to the economy of Swaziland as it contributes immensely to Gross Domestic
Product (GDP) through agricultural export earnings as well as contributing to basic livelihoods
(GOS, 2008) and the importance of water is reflected in the water policy and reforms that has
been taking place in most of the countries (GOS, 2008). Water development is also seen as
critical in rural development as it promotes development of other infrastructure like roads,
electricity and potable water, communication and provision of better health and education for
the rural poor (GOS, 2005).
Since the demanding situations of poor agriculture productivity are most felt in the rural areas,
the irrigated agriculture development programmes are implemented in Swazi National Lands
(SNL). These are aimed to raise productivity and enable smallholder Swazi farmers to move
from chiefly subsistence to commercial crop production (Terry, 2007a). Consequently, the
government has made extremely large investments in constructing and operating dams as a
system or machinery for eradicating poverty and abrupt hunger in the rural areas.
Mosse, (2005) Suggest that the government is now trying to assess, monitor and evaluate
progress being made by the development of dams and irrigation schemes that they established.
This may lead to how rural people can be empowered and further developed.
Rozva/Nyika irrigation scheme is located in Bikita District, Masvingo. The irrigation scheme
is established on Rozva dam. The name Rozva comes from the river Rozva river which
inherited the name from Chief Marozva who is the supreme chief in the area. The scheme
covers 21 hactares and 33 family farmers were the major beneficiaries of the scheme. Rozva
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irrigation scheme is a government of Zimbabwe project in conjunction with Dorsch Consult, a
Germany Consulting company. Today, Rozva irrigation scheme is benefitting 33 families with
9 having 1 hactre each while 24 family farmers have 0.5 hactres each.
1.2 Research Problem
Research by Mayoux and Chambers (2005) shows that Zimbabwe had commercial farmers
who were producing for domestic consumption and for export, Zimbabwe was the bread basket
of Southern Africa. Records are evidence of agricultural production which are bound. Since,
the agricultural revolution, there has not been any records to show production yet records are
abound of government expenditure on construction of dams and establishment of irrigation
schemes. This study seeks to reveal lack of financial accountability by agriprenuers in rural
areas.
1.3 Research Questions
The research questions of this study are:
i.

How are the small scale rural agriprenuerial projects financed?

ii.

What is the participation of the stakeholders in rural agriprenuerial projects?

iii.

What is the accountability of financial allocations to rural agriprenuerial projects?

1.4 Research Objectives
i.

The objectives of this study are:

ii.

to explore the financing of small scale rural agriprenuerial projects

iii.

to explore participation of the stakeholders in rural agriprenuerial projects

iv.

to investigate accountability of financial allocations to rural agriprenuerial projects

1.5 Importance of the study
This study is important to, the researchers since it will expand their scope of knowledge on
financial accountability in small scalke rural agricultural projects. It is also important to the
Beneficiaries of Rozva Irrigation Scheme for it will reveal information and help them through
its recommendations.

The research will also help relevant government ministries and

departments since it will recommend on critical issues pertaining the scheme.
2.0 LITERATURE REVIEW
Irrigation schemes have been known to have been at the real of humanity existence from time
immemorial (Abric et al., 2011). From the discovery of manipulation of water in crop
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production, irrigation has always made differences amongst societies (Chibanda, Ortmann and
Lyne, 2009). Early human civilization of Egypt and Kush used irrigation to make a difference
in life. For those using irrigation, life was always better than those not using and societies
using irrigation had better economies than those without (Allan and Galle, 2000).
2.1 Theoretical Framework
This study is hinged on three important theories, which are the dependency theory, sustainable
development theory and the critical accounting theory.
2.1.1 Dependency Theory
According to Namkoong (2015) Dependency theory is essentially a follow up to structuralist
thinking, and shares many of its core ideas. Whereas structuralists did not consider that
development would be possible at all unless a strategy of delinking and rigorous was pursued,
dependency thinking could allow development with external links with the developed parts of
the globe. However, this kind of development is considered to be "dependent development",
i.e., it does not have an internal domestic dynamic in the developing country and thus remains
highly vulnerable to the economic vagaries of the world market.
This theory could be linked to the Rozva irrigation scheme in that the planning and orientation
of the project was not beneficiary based and hence the consequence of rejection by the farmers.
The farmers do not want to take responsibility of the scheme but rather depend on the
implementers. The expenses accruing from the electricity and water usage, they would want
them to be levied on implementers, yet the scheme is theoretically a viable enterprise.
2.1.2 Sustainable development theory
Sustainable development is development that meets the needs of the present without
compromising the ability of future generations to meet their own needs. (Brundtland
Commission,1993).
Sustainability also would entail the ability of the beneficieries to run the scheme without
dependency on the implementors. However, this theory is closely linked to this study in that
the scheme should be a self-sustaining enterprise whereby it should be sustainable in itself.
Thus, the scheme should be able to generate enough funds for itself to cover the expenses
accruing from its activities.
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2.1.3 Critical Accounting Theory
Hines and Chua (2014) argue that Critical Accounting Theory calls for a less global and more
analytical approach to critical accounting enquiry. The critical stance of open investigation
which some philosophical writing represents may be a more fruitful source of inspiration any
specific philosophical theory.
This theory is linked to this research in that it focuses more specifically on accounting enquiry
of a specific entity. Thus, it becomes a critical accounting enquiry of Rozva Irrigation scheme,
and its financial accountability. The theory emphasises the financially accountability of this
particular irrigation scheme and its lack thereof (Oluwadare, 2015).
3.0 METHODS/METHODOLOGY
This research was qualitative in nature due to its characteristics. Thus, a descriptive survey was
used as a research design to support the qualitative research method.
3.1 Population
The population of this study was the entirety of all 32 irrigation schemes in Zimbabwe. Thus,
according to the Zimbabwe Statistical Agency (2013) there are approximately 40 irrigation
schemes in Zimbabwe. All irrigation schemes in Zimbabwe vary in sizes and they have varying
numbers of plot holders with varying sizes of plots. The target population of this study is
Rozva/Nyika Irrigation scheme with a total membership of 33 farmers whereby 9 of the farmers
owns 1 ha plots while the other 24 have 0.5 ha plot sizes. The District Administrator’s Office
and the Ministry of Agriculture Extension Officers, Bikita District.
3.2 Sample and Sampling Procedure
Purposive sampling procedure was used to select from the population a sample of 10 irrigation
farmers from Nyika/Rozva Irrigation Scheme, five from each kraal and Two Agricultural
Extension Officers from Ministry of Agriculture and 1 Officer from the Bikita District Office
responsible for Agriculture Projects.
3.3 Research Instruments
3.3.1 Questionnaires
Questionnaires were found to be appropriate in soliciting information from the two Agricultural
Extension Officers (At District Level) and an Officer from the Bikita District Council (DA’s
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Office-Ministry of Local overnment Local Board). Questionnaires were suitable to these
respondents because they are the ones who would easily understand questionnaires and have
time to answer them without much disturbances unlike the farmers who would be busy in the
fields. They were also suitable because they are the ones involved in handling and distribution
of the finances during and after construction of the irrigation scheme.
3.3.2 Interviews
Interviews were given to the farmers because due to their busy schedules in the fields, they
could find time to sit down so that they can fill questionnaires. The researchers enjoyed, helping
in the fields as they were interviewing the participants. Ten farmers were interviewed and
answers were recorded instantly.
4.0 DATA PRESENTATION PROCEDURES
The simple Microsoft Excel Computer package was used to tabulate frequency tables and
graphs used to present the data that was collected from the field.
4.1 RESULTS/FINDINGS
Question 1: Who financed the irrigation scheme?
Table 1 Financial Source
Response

NGOs

Govern

Farmers

BDC

1

1

0

Ext Officers

2

2

0

Farmers

10

10

0

TOTALS

13

13

0

Table 1 above shows that all the 10 (100%) farmers, the 2 (100%) Extension Officers and the
Officer from Bikita Rural District Council (DA’s Office) indicated that the irrigation scheme
had finances from both the Non-Governmental Organisation and the Government. It is also
shown that Farmers never contributed anything except that they were hired as paid labour.
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Question 2: Are the any financial contributions by the Farmers?

10
5
Yes

0

No

Figure 1: Financial contribution by Farmers
Fig 1 above shows that all the farmers (10) indicated during the interviews that not a single
farmer financially contributed to the irrigation scheme. The Extension workers and the BDC
Officer also concurred with the farmers.
Question 3: What role did Farmers play in the planning and implementation of the project?
Table 2 Farmers’ Role
Response

Proponets

Resistent

Recipient

BDC

0

1

1

Ext Off

0

2

2

Farmers

0

10

10

Total

0

13

13

Table 2 above shows that the BDC Officer indicated that farmers were resistant to the scheme
and they became the beneficieries. The Extension Officer and the Farmers also indicated the
same that farmers were resistant to the scheme even though they became beneficiaries of the
scheme. This means that, Rozva/Nyika Irrigation scheme shares the same characteristics with
several other irrigation schemes which were throat forced on people by the government without
them being proponents of the schemes.
Question 4: How did farmers participate in the implementation of the project?
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Table 3 Farmer Participation
Action

Farmers

BDC

Ext Officers

Total

Proposed the scheme

0

0

0

0

Opposed the scheme

10

1

2

13

Worked as hired labour

10

1

2

13

Table 3 above shows that all the 10 farmers indicated during their interviews that they opposed
the scheme and that they worked as hired labour. The Extension Officers and the Officer from
Bikita Rural District council also agreed that farmers were highly critical of the project.
Question 5: Who was accountable for the finances of the implementation scheme?
The Extension Officers and The Bikita Rural District Council Officer indicated on their
questionnaires that the scheme was financed by the Donor Agency in collaboration with the
Government. However, when the scheme was at the brink of collapse due to farmers’ resistance,
the money was diverted to Chivi District instead of the Central Government. During the
interviews, however, the Farmers expressed that they did not know who was accountable for
the finances because, there were many players. They stated that government officials would
come and donors would also come as well as politician who were also using the scheme to gain
political mileage. As to who was responsible for finances and accountable, the farmers did not
know.
Question 6: Who is responsible for the accountability of finances generated by the scheme?
The Extension Officers and the BDC Officer expressed that there is an Irrigation Management
Committee Overseeing the running of the scheme and they only monitor. All the farmers (10)
expressed that the Irrigation Management Committee (IMC) is responsible for collection of
water bills and electricity bills whereby the members contribute to offset the bills. Noone is
responsible for overall financial accountability of members, therefore, there is no
accountability as to what a member produces and where he sells his produce. Though the
government is responsible for the scheme, farmers expressed high levels of dissatisfaction with
the scheme and they prefer their drylands where there are no financial responsibilities and
where there is no control.
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4.2 DISCUSSION
During the field study the presented data showed that the irrigation scheme was financed by
the government in conjunction with a Germany Consulting Company as clarified by FAO
report (2015). The beneficiaries involuntarily participated in the project and took minor jobs.
Also farmers were opposed to the project (Chibanda, Ortmann and Lyne, 2009). . The
accountability of the project was in the hands of the government who accounted for their
expenditure only. The responsible Irrigation Management Committee is not accountable for
production but for expenses levied against the scheme (Aric et al, 2011). Thus, there is no
accountabibility of scheme production and benefits thereof.
5.0 CONCLUSION (S) RECOMMENDATIONS
Based on the findings the researchers concluded that Nyika/Rozva Irrigation Scheme was
financed by Donors who worked in collaboration with the Government of Zimbabwe, which
makes accountability of the finances very difficult since the finances were given to the Central
Government for administration.
The researchers also concluded that Farmers did not play any part in financing the scheme or
even in identifying the project. The Irrigation Scheme was just throat forced on farmers while
they resisted.
The researchers also concluded that farmers only contributed their labour which they were
hired and paid for as if it was not their scheme.
The researchers also concluded that the Central Government is accountable for the finances of
the scheme but due to resistance of the farmers, other players became involved including
politicians. The AGRITEX only gives advise and guidance on crop production.
The researchers also concluded that there is no one accountable for what farmers produce and
their income levels and therefore there is no measurability of viability of the scheme as well
and what incomes levels are and their contribution to GDP.
Based on the research findings and conclusions, the researchers recommends that small
agripreneurial projects needs to be identified by the benefectors themselves rather than by
donors or governmental agencies.
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The researchers also recommend that feasibility studies and researches need to be carried out
before projects are implemented especially in rural areas. People requirements need to be
considered
Strict accountability of governmental finances to rural projects should be enforced, otherwise
resources are sunk down the drain without proper accountability.
Rural agriprenuers should be monitored in order to measure their production so that it could be
seen their contribution to sustainability and GDP.
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ABSTRACT
Record keeping and financial literacy are key variables in profitability of small to medium scale
enterprises which are now the vehicle through which Zimbabwe as a country can develop.
However, measurement of profitability evidenced through proper record keeping and
accountability has been a thorn in the flesh of the responsible ministries. This paper seeks to
investigate financial literacy and proper record keeping in small to medium scale enterprises
and how it could be used to measure profitability of these enterprises. Thus, the major objective
of this paper is to analyse financial record keeping and measurement of profitability in small
to medium scale enterprises in Masvingo District. The literature review was centred on the
empiric researches and publications from other scholarly researchers. The data was collected
through the use of questionnaires and interviews and was presented using frequency tables and
graphs done using Microsoft Excel. The researchers found out that even though the small to
medium scale enterprises are viable entities, there are not records to measure their profitability.
It was also found out that the there are other players taking advantage of non-record keeping
capitalising on the profits of the small to medium scale enterprises which makes them dwarf
enterprises. The researchers concluded that if proper record keeping and financial literacy is to
be implemented, measurement of profitability will be beneficial to both responsible authorities
and policy makers. The researchers recommended that the stakeholders should work towards
systemising record keeping and accounting systems that enables measurement of profitability
amongst small to medium scale enterprises in Masvingo.
Key Words: Measurement, Profitability, Financial, Record keeping
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1. BACKGROUND/INTRODUCTION
Small and medium scale enterprises are gaining wide spread acceptance as viable drivers of
economic growth. They have tremendous impact on employment generation. However, several
of these enterprises demise without fulfilling expectations due to poor management arising
from weak accounting structure (Olatunji, 2013).
Micro and Small Enterprises (MSE) plays important role in the economic growth of a country.
Moore, Petty, Palich and Longernecker (2008) assert that Micro, Small and Medium-sized
enterprises play important roles in the economic growth and sustainable development of every
nation.
With the current legal and regulatory framework in Kenya and with the increase in number of
the lending institutions, the problem of funding for this sector has decreased (Economic Survey
2006). According to Zimbabwe Economic Policy and Research Unit (ZEPARU) (2016) “In
order to assess the effectiveness of regulation and supervision in Zimbabwe, we examine the
state of three types of regulation: systemic, prudential and conduct of business regulation. A
silo-based approach currently exists in Zimbabwe which encourages a blinkered approach to
regulation and supervision. The global financial crisis of 2007-2009 has renewed interest in a
macro prudential approach to regulation which involves the analysis of macroeconomic trends
and how they impact prudential soundness and the stability of financial firms and the financial
system. Moreover, the enormous costs of the crisis have forced governments across the globe
to reconsider how they approach financial sector regulation. Zimbabwe should not be the
exception.”
The problem that might require emphasis in research would be the management of the MSEs.
Efficient managing of these enterprises involves accounting, a practice which is highly
dependent on the record keeping of the business transactions (Maseko and Manyani, 2011).
A sound accounting and internal control system in any business irrespective of its scale is
crucial. Audits of small scale enterprises have proven to be worrisome for professional
accountants because of the inadequacy of the internal controls. Except for statutory demands,
small and medium enterprises hardly give serious thoughts to the process of sound accounting
yet the adequacy and ineffectiveness of accounting processes have been responsible for the
ultimate collapse of a host of them (Mukaila and Adeyami, 2011).
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A business organization could measure its performance using the financial and non-financial
measures. The financial measures include profit before tax and turnover while the non-financial
measures focus on issues pertaining to customers’ satisfaction and customers’ referral rates,
delivery time, waiting time and employees’ turnover.
Recognizing the limitations of relying solely on either the financial or non-financial measures,
owners-managers of the modern SMEs have adopted a hybrid approach of using both the
financial and non-financial measures. These measures serve as precursors for course of actions.
The uniqueness of small and medium enterprises calls for a careful consideration in the design
of an accounting system that is appropriate for the operations of SMEs (Olantunji, 2013).
Peacock (2000) argues that, failure by Small and Medium Enterprises (SMEs) to manage cash
flows results in illiquidity and finally the demise of SMEs. He advocated for the engagement
of a qualified accountant who can be instrumental in advising on strategic response to turbulent
and competitive business environment. There is need to support these small enterprises so that
they can grow to maturity and meet their intended purposes.
Poor finance management has been posted as the main cause of failure on the MSEs
(Longeneter et al 2006). Bowen (2009) observes that there is a strong relationship between
business performance and the level of training in the business management especially in
business finance record keeping. Business management entails keeping proper records of the
business transactions. Knowledge and skills in bookkeeping is especially one major factor that
impacts positively on sustainability and growth of SMEs. Failure to record business financial
transactions (bookkeeping) leads to collapsing of the business within a few months of its
establishment (Germain 2009). In essence, recordkeeping is one thing an entrepreneur cannot
afford to ignore. Research has shown that in any business, recordkeeping is the first step of the
accounting process, which also includes classifying, reporting and analyzing the business
financial data.
It involves organizing and tracking receipts, cancelled checks and other records generated by
financial

transactions.

Bookkeepers

chronologically

record

all

transactions:

cash

disbursements, cash receipts, sales and purchases, and others in a journal and post the journal
entries to a general ledger of accounts, which is essential for preparation of monthly financial
statements. This is imperative for a profitable business.
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Further, research has in the past shown that in business management, proper keeping of records
of all business transactions is vital for the success of the business. In addition, Butler (2009)
asserts that without accurate and complete records of business transactions, the business may
collapse despite its size.
2. OBJECTIVES
The objectives of this study are:
1.1 to investigate if SMEs apply any record keeping exercises
1.2 to establish how profitability is measured by SMEs
1.3 to explore the relationship between record keeping and profitability of SMEs
3. METHODS/METHODOLOGY
Due to the characteristic of this study that data collected was both numeric and factual requiring
use of both a questionnaire and interview, both quantitative and qualitative research methods
were found suitable. Thus, a descriptive research was used as a research design to support the
quantitative and qualitative research methods. A descriptive research is a type of a research that
is best undertaken by the use of surveys (Sidhu, 2013).
3.1 Population
The population of this study was all the small to medium scale enterprises in Masvingo. There
are many entities that are in this sector. These vary from formal small scale enterprises which
are registered with the council to informal small scale enterprises that are not even registered
with the council. The boundaries of the actual number of small scale enterprises operating in
Masvingo is limitless because some have permanent stalls while others only appear at night for
brisk business fearing the council marshals during the day. There are approximately 200 stalls
at Grace Mugabe Chitima Market and there are approximately 100 Stalls at Civic Centre and
there are approximately 50 Stalls at Downtown Flea Market making a total of 350 Council
Stalls which tenants share. Around the town there are also private owners who are renting out
their buildings to SMEs like the Tsungai Building, The Consumer Council, and The United
Methodist Complex etc. The total number of stalls including offices being shared approximate
to 1000 SMEs. The researchers also travelled to Industrial areas which houses another 1000
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SMEs including vegetable markets in Rujeko, Runyararo, Majange, Sisk, Pangolin etc,
totalling 2 000 populates.
3.2 Sample and Sampling Procedure
The exact total number of all the SMEs could not be reached and therefore stratum were
establish which classify SMEs into Manufacturing, Agri-Dealers, Service Providers, Transport
and General Dealers. From these stratum, simple random sampling was used to select
populates from these participants. The long process resulted in a sample of 50 participants
whereby a sample of 10 participants was chosen from each strata.
3.3 Research Instruments
3.3.1 Questionnaires
Questionnaires were found to be appropriate in soliciting information from the manufacturing
and services strata because they are the participants with ample time to look at a questionnaire
and answer the questions.
3.3.2 Interviews
The small scale enterprises which most of them are informal traders in flea markets were a
larger group. They do not have much time to sit and understand a questionnaire and most of
them do not have time to fill forms like questionnaires so, it was easy to interview them while
they are doing their duties. So, the transport, Agri-dealers and the General Dealers were found
appropriate to be interviewed.
3.3.3 Data Presentation Procedures
The simple Microsoft Excel Computer package was used to tabulate frequency tables and
graphs used to present the data that was collected from the field.
4. RESULTS/FINDINGS
Application of record keeping by SMEs
Question 1: Are you aware of any record keeping exercises?
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10
8
6
4
2
0

Yes
No

Figure 4.1 Awareness of record keeping
Fig 4.1 above shows that 9 (90%) of service providers indicated that they are aware of record
keeping. This may mean that because of ZIMRA regulations, which force most SMEs to pay
tax, they are aware of record keeping also because most of these SMEs are housed in offices.
This same applied to the 8 (80%) transport operators who are also forced to pay presumptive
tax by ZIMRA. However Agri-Dealers who are mostly women from stalls in the Low income
High density suburbs expressed unawareness of record keeping together with the general
dealers and some manufacturing SMEs.
Question 2: Do you apply any record keeping exercise?

General…

Services

Agri-Dealers

Yes

Transport

0

Manufact…

10

No

Figure 4.2 Application of record keeping
Fig 4.2 above shows that all the General Dealers and Agri-Dealers expressed that they do not
apply any record keeping exercises in their business while some especially the Services where
3 (30%) expressed that they apply. This may be due to the fact that they are required by ZIMRA
to keep books.
Measurement of Profitability by SMEs
Question 3: Do you measure profitability by the amount of customers buying your products?
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Table 4.1 Measurement of profitability by customers
Manufacturing
Transport
Agri-Dealers
General Dealers
Services
Total

Yes
10
10
10
10
3
43

No
0
0
0
0
7
7

Table 4.1 above shows that all the sectors of SMEs indicated that they measure profitability or
success of their business by the amount of customers who buys their products. This may mean
that they do not keep any record at all except that when they products clear from the stalls, they
then go and purchase more stocks. Thus, the more the customers the more they assume that
business is being profitable. However, the Services sector had 7 (70%) respondents who
indicated that they use accounting exercises to measure profitability. This is in agreement with
Olantunji (2013) who posits that services sector is bound to have records due to the nature of
their business activities.
Question 4: Do you measure profitability using accounting and record keeping method?
Table 4.2 Measurement of profitability by record keeping
Manufacturing
Transport
Agri-Dealers
General Dealers
Services
Total

Yes
0
0
0
0
7
7

No
10
10
10
10
3
43

Table 4.2 above shows that all the sectors of the SMEs except the Service sector do not rely on
record keeping to measure profitability of their businesses. That means that as long as they are
able to clear their stocks, they assume that business is being profitable. Thus, Germain (2009)
emphasized the same that SMEs informally measure profitability.
Relationship between profitability and record keeping
Question 5: Do you think record keeping and profitability are related?
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Table 4.3 Relationship between record keeping and profitability
Manufacturing
Transport
Agri-Dealers
General Dealers
Services
Total

Yes
0
0
0
0
7
7

No
10
10
10
10
3
43

Table 4.3 above shows that all the sectors indicated that record keeping has nothing to do with
profitability of their businesses. Instead when interviewed some stressed that hiring of
accountants and bookkeepers eats into their profits because they do not have time for it. Time
for record keeping could be used in business. Some expressed that they have been running their
markets, especially vegetable markets for more than 25 years without keeping records or books,
if they were not profitable they would have closed.
So record keeping does not have any relationship with profitability. However, the services
sector were different. They believe record keeping helps one monitor business operations and
hence shows when money comes or goes and therefore record keeping is essential.
This goes well with what Peacock (2000) suggested when he emphasised that record keeping
compliments profitability in any business.
5. CONCLUSION(S)
i.

From the research findings, the researchers concluded that the majority of the SMEs in
Masvingo are aware of record keeping exercises but they do not want to effect them.
The message that is coming through is i) that they see no value in keeping records and
no link between profitability and keeping records –table 4.3; ii) track different
variables-number of customers buying from them table 4.1- they obviously know how
much they have ordered and the buying price as well as their selling price. By knowing
the quantities bought and the price at which they sold they should know how much they
have made. The problem is not that they have no records but systematic accounts.

ii.

The researchers also concluded that most SMEs use customer quantities to measure
profitability and they do not use record keeping to measure profitability. Thus,
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quantities are assumptions of massive turnouts in sales and pricing is highly varied from
customer to customer as long as it is not below the purchasing price.
iii.

The researchers also concluded that SMEs believe that there is no relationship between
accountability and profitability even though a small percentage believes there exist a
relationship. Thus, the majority of SMEs believe record keeping as time wasting and
expensive to their businesses. Thus, in order to change the mind-set of the beneficiaries,
there is need for capacity building/training and exposure to institutions that keep
records and demonstrations of the benefits to the entrepreneurs.

6. RECOMMENDATIONS
i.

Based on the research findings and conclusions above, the researchers recommend
that there is need for a massive awareness campaign that would change the mind-set
of most SMEs so that they do record keeping that would enhance their performance.
Thus, more emphasis should be on systematic accounting to all other SMEs and a full
house capacity building/training to the Agro-Dealers.

ii.

The researchers also recommend that there should be Accounting Extension Services
as they do on Agricultural Extension Services. This will help SMEs on their day to
day businesses and it will also mean record keeping by the Extension Officers. As is
with free legal services from Home Affairs and Extension Services from Ministry of
Agriculture, so should be Financial Extension Services from The Ministry of Finance
following these other models.

iii.

The researchers also recommend that as much as there are Free Legal Services,
Accounting Services should be accorded to SMEs at concessional costs so that record
keeping exists amongst SMEs since they believe it eats into their profits and the
country at large.

iv.

What needs to be done to change this mind-set- is capacity building/training and
exposure to institutions that keep records and demonstration of the benefits to the
entrepreneur.

72

7. REFERENCES
1. Amoako G. K. (2013). Accounting Practices of SMES: A Case Study of Kumasi
Metropolis in Ghana. Accounting Department Kumasi polytechnic, Ghana.
2. Bradshaw T. M. and Miller, G. S. (2007), Will harmonize Accounting Standards Really
Harmonize Accounting? Havard Business School.
3. Bowen, M., Morara, M., Mureithi, S. (2009). Management of business challenges
among small and micro enterprises in Nairobi Kenya. KCA Journal of Business
Management Vol.2 ,Issue 1.
4. Butler, A. (2009). Importance of Bookkeeping in Business. Darby: Butler and Company
5. Chiapetta, B. K. show and wild, J.(2009). Principles of Financial Accounting 19th
edition, New York: McGraw-Hill Irwin.
6. Cooper, A. C. (1998). Find on Predictors of Performance from Large Scale Research
Program, Small Enterprise Research. The Journal of SEAANC, 6 (1) pp 3-9
7. Costae, V.(2011). Determinants of Corporate Financial Performance.
8. Covin, J.G. &Slevin, D.P.(1989). Strategic Management of Small Firms in Hostile and
Benign Environments, Strategic Management Journal, 10:75-87
9. Curley,D. &Flynn,A.(2005).Is Bank Finance the Achilles’ Heel Irish SMEs? Journal of
European Industrial Training 29,712-729
10. Daft, R, L. (1995). Organization Theory and Design,(5th edition). Minneapolis, st.paul:
MN West Publishing Company. 51
11. Grant, R. M. (1991). The Resource Based Theory of Competitive Advantage:
Implications for Strategy Formulation. California Management Review, 33, 144 – 135.
12. Germain, P, J. (2010). Small Business Bookkeeping. Ezinearticles.com.
13. Kerlinger. F. N (1986). Foundation of Behavioral Research. Washington: Holt Rinehart
and Wineton.
14. Longenecker, J. G., Petty, C. W., Moore, J. W. and Palich, L. E. (2006). Small Business
Management, An entrepreneurial emphasis. London: Thomson South Western.
15. Locke, E. A. & Latham, G.P.(1990). What should we do about Motivation Theory? Six
Recommendations for the Twenty first Century, Academy of Management Review, 29
(3) 388 – 403
16. Lybaert, N (1998). The Information use in an SME: Its Importance and Some Elements
of Influence, Small Business Economics, 10(2), pp 171 – 191 53
73

17. Maseko, N, &Manyani,O.(2011) Accounting Practices of SMEs in Zimbambwe,
Journal of Accounting and Taxation vol. 3 (8) pp 171 – 181.
18. Mukaila, A.A. &Adeyemi, S.L.(2011). Small and Medium Scale Enterprises as a
Survival Strategy for Employment Generation in Nigeria, Journal of Sustainable
Development Vol. 4 No. 1
19. Olatunji, T.E (2013).The Impact of Accounting System on the Performance of Small
and Medium Enterprises in Nigeria, A Survey of SME’s in Oyo State – Nigeria,
International Journal of Business and Management Invention Vol. 2 (issue 9) pp 13 –
17.
20. Peacock, R.W (2000). Find the Causes of Small Business Failure, Management Forum,
11 (2) pp 77-89

74

4. Economic power of social media in developing and growing of SMEs: Case of Bindura.
Tapiwa Takundwa
Zimbabwe Ezekiel Guti University
Stand 1901 Barrasie Road, P.O. Box 350 Bindura, Zimbabwe
takundwa.tapiwa@gmail.com , Cell: 0774 132 698
ABSTRACT
This paper aims at investigating the economic power that social media has in developing and
growing of Small and Medium Enterprises (SME) in Zimbabwe a case of Bindura. In the study
four elements of the social media has been used namely Facebook, You Tube, Twitter and
WhatsApp are the most used in Zimbabwe. A total of 100 respondents were surveyed using a
convenience sampling method. The respondents were mainly entrepreneurs drawn from
different businesses types which included; vendors, hair dressers, tuckshop owners and flea
market owners among other. The results showed that social media is a very powerful tool which
can lead to increase in sales, generation of new business idea, increase customer base and create
alliance. Another conclusion was that social media is a powerful media which can improve the
business performance. Zimbabwean SMEs needs to embrace fully the social media for the
development and growing of their business.
Keywords: social media, media, SMEs, entrepreneurs
1. INTRODUCTION
The twenty first century has ushered in new communication media which has change the
communication industry. Media fragmentation has caused a lot of challenges to marketers and
organisations in trying to come up with the effective communication media which produces
required results. This paper outlines one of the recent powerful communication media for the
21st century.
1.2 Background of the study
According to Samuel and Joe (2016:639) social media refers to a “social networking where
collaboratively produced and share media content is hosted. They continued to say social media
is also seen as a networking tool in the communities. It is in this regard that it provides freedom
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of expressing creativity, open communication and knowledge sharing among users to the least
cost.”
In Zimbabwe social media has been used mostly for sharing social issues with friends and
relatives. Users of social media have created different social groups ranging from family group,
church groups, former schoolmates groups, workmates groups among others mainly to
communicate social issues in these groups. Social media has been an instrument which has
been used in the Arab uprising which means it transformed itself from being just a social
communication media to political media. According to Mangold and Faulds (2009), “the
emergency of internet based social media has made it possible for one person to communicate
with hundreds or even thousands of people about products and company that offers them.” The
question is how far have SMEs in Zimbabwe made good use of social media for the growth of
their business?
This study looks at the economic power of social media in developing and growing of SMEs.
The economic value that social media brings to business which some small entrepreneurs are
not realising at the moment. The small entrepreneurs mostly cannot afford to advertise on
traditional mass media because they are very expensive. Social media can be localised as well
as very cheap. Thus this is the thrust of this research in addition to its contribution to the value
addition and beneficiation cluster of ZimAsset.
According to Zontanos and Anderson (2004) social networking can help in improving the
firm’s sales performance. This is the evidence that social media has been successfully used in
other nations for economic reason and it has yielded results. In addition Edosomwan et al
(2011) said the fastest way of growing a business entity is through social media and social
networking. This is the season why the impact of social media has to be determined to
Zimbabwean entrepreneurs. Edosomwan et al (2011) continued to say in this decade of
information system and savvy customer’s era, social media is playing a pivotal role in
transforming businesses.
Samuel and Joe (2016:640) said the way of doing business is no longer the same with the
coming in of social media. They continued to say through the use of social media, access to
resources has improved and business has greatly grown by the way of strategic partnership
with suppliers and creating strong bonds with customers. These are the easy of doing business
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which has been brought about by social media in other countries which has fully embraced
social media in their marketing and business development. The economic power of social
media has also been outlined by Samuel and Joe (2016; 640) when they said social media
increased exposure, generation of leads, improved sales, and development of loyal fans and
creation of business partnership.
It is under this background that the economic power of social media to the Zimbabwean
entrepreneurs has to be determined. No research has been carried out to show the economic
value of social media to the Small and Medium Enterprises of Zimbabwe. This is the gap which
this study covers. SMEs cannot afford the traditional advertising media and the study will help
them realise the economic power of social media which is an alternative and powerful
communication vehicle.
1.3 Objectives
1.3.1Main objective
To determine the impact of social media in the developing and growing of SMEs in Zimbabwe
as a subsection of value addition and beneficiation sector of ZimAsset
1.3.2 Sub objectives


To determine the power of social media in increasing sales for SMEs in Zimbabwe



To ascertain the influence of social media in increasing the customer base



To evaluate the power of social media in new business idea generation.



To determine the influence of social media in forming strategic business partnership.

2. RESEARCH METHODOLOGY
A descriptive research a category of conclusive research design was used in the collection of
data of this study as outlined by Malhotra and Birks (2000). This design was used because
helped in collecting required data as outlined by Neenlankavil (2007) that “descriptive research
can help researchers to produce data which explains the structure and characteristics of
significant groups which can be customers, organisations, employees, among other
researchable elements”.
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A descriptive research a category of conclusive research design was used in the collection of
data of this study as outlined by Malhotra and Birks (2000). This design was used because
helped in collecting required data as outlined by Neenlankavil (2007) that “descriptive research
can help researchers to produce data which explains the structure and characteristics of
significant groups which can be customers, organisations, employees, among other
researchable elements”.
The researcher made use of both qualitative and quantitative research methods to collect data.
This is a combination of qualitative and quantitative research methods used because of its
ability to overcome the weakness of each of other by complementing each other. However the
research was more of quantitative than qualitative because quantitative data is easy to analyse
the results of data the collected. This is in line with what Creswell (2003:4) said, that is “mixed
methods research has come of age. To include only quantitative and qualitative methods falls
short of the major approaches being used today in the social and human sciences”.
The research made use of both primary and secondary data sources. According to
Muchengetwa (2005; 30) data can be available from different sources which can be classified
as either be primary or secondary data. Primary data was defined by Muchengetwa (2005; 31)
as data captured at the point where they are generated and it is data captured for the first time
with a specific purpose in mind. Based on the above definition the research used primary data
as the main data sources. Primary data was used mainly because has the advantage of being
current and it reflect the real issues on the ground. The world is very dynamic where things
change very fast as such this research avoided having wrong conclusions which can be caused
by using some sources of data which is not primary data. This was supported by Muchengetwa
(2005; 31) who said primary data is directly relevant to the problem at hand and researchers
can control the amount of error in accuracy to be made.
Secondary data is defined as processed data you others for a purpose other than the problem at
hand. Reports are an example of secondary data as outlined by Muchengetwa (2005; 31). The
research also gathered information from secondary sources like the Postal and
Telecommunications Regulatory Authority of Zimbabwe (POTRAZ) third quarter reports of
2015 where information concerning telecommunication companies in Zimbabwe was gathered.
The three main telecommunication companies which provide the platform of using mobile
messages are Econet Wireless, Telecel Zimbabwe and Netone. There are the companies whose
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data concerning customer base can be found in the records of POTRAZ. Secondary data
sources was used mainly because of the following advantages, first being that information is
readily available, like in the case of this research the information was available in the reports.
Moreover time to gather data was made short through the use of secondary data and it was less
expensive to collected data. The above mentioned points where all supported by Muchengetwa
(2005; 31). As such it was very beneficial to use the secondary data sources as well.
The structured questionnaire was used to collect data from the targeted audience who were
mainly the owners of small business operating in the townships and locations of Bindura town.
These were selected using the convenient method. Questionnaires were used because they
allow collection of more data from respondents. As outlined by Bruce (2008) a questionnaire
allows asking standardise questions or same question to a very large audience which makes it
easier to make conclusions. Due to this factor it was used as the main data collection instrument.
Non probability sampling techniques was be used in choosing the right sample. This meant that
not all residents have the same changes of being selected. The convenient sampling technique
was used because of the limited time and also due to the fact that it is a less expensive sampling
technique. As outlined by Jackson (2010), convenience sampling is about getting respondents
where one can get them. The research was conducted in different business centres of Bindura
Town. The respondents were mainly entrepreneurs drawn from different businesses types
which included; vendors, hair dressers, tuckshop owners and flea market owners among other.
A sample 100 respondents comprising Bindura Small and Medium Enterprise owners were
selected. The number 100 was used because the previous similar research by Musekiwa et al
(2013) on the OK Supermarket in Bindura. Bindura town has a total of 52 273 households as
per Bindura Town Council third quarter report of 2016. Given that it is not ever house hold
which is running a small business 100 is a good sample to represent the small business
community.
The study was conducted with a mixed set of respondents as gender was taken into
consideration and also included different age groups. This was done to have a balanced
collection of results which will not be misleading.
Respondents were not forced to answer or take questionnaires without their consent. Also
privacy of the data collected was ensured and continue to be upheld and will not be used for
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any other purpose other than it was collected for which is purely academic. This was to uphold
ethical conducts during data collection and also to give respondents freedom in their response.
3. Findings and discussion
Questionnaires were administered to hundered (100) respondents and there was a 100%
response rate since convience sampling was used. As outlined that the research was gender
sensitive as such gender presentation for the sample had the following composition.

Figure 1 Gender represantation
The pie chart above shows that 43% of the respondents were female as compared to 57% male
respondents. The results showed a fair representation of all gender during the time of study
since the figures are close to each other. This may be attributed by the fact that both women
and men are now involved in the small and medium business since majority of them have no
formal employment.
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Figure 2: Respondents’ age groups
From the Figure2 above it is clear that 79 (79%) of respondents were below the age of 35,
which constitutes the majority of the respondents who uses social media in their lives. 21 (21%)
were above the age of 35, this showed that the research targeted the right population since the
young generation is the one that is more active on social media. The older generations took
social media with some reservations.
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Social media preference

Figure 3 social media preference
From the pie chart it can be seen that Facebook, WhatsApp, Twitter and You Tube are the most
used types of social media by Zimbabweans. It was also seen that a very small section is using
these platforms for business as well and these include comedians, musicians and those selling
electronic gadgets.
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Social media increases sales

Figure: 4 increase sales
An SPSS analysis represented by the graph above shows that 73% of the respondents agreed
that the use of social media in business will lead to increase in sales. However 27% of the
respondents disagreed. Those who do not agree ae are a group people who do not take social
media as a serious business communication media. However given that the majority agreed it
means that the Zimbabwean also believes that the use of social media increases sales in Small
and Medium Enterprise. This is in line with what was said by Samuel and Joe (2016; 640) when
they said social media increased sales and exposure.
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The use of social media will lead to increase in customer base

Figure 5: social media and customer base
From the Figure 4 above 69% of the respondents agreed to the fact that the use of social media
will lead to an increase in customer base. Increase in customer base is the increase in market
share which is good for business. When Small and Medium Enterprises have increased market
share it will lead to tremendous growth of the business. However 31% of the respond ents’ did
not agree with the fact that the use of the social media will lead to an increase in customer base
in the SMEs. Nevertheless the majority agreed it then means the use of social media will lead
to increased customer base for Small and Medium enterprises in Zimbabwe
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Social media boost new business idea generation

Figure 6 new idea generation
The results from the graph above shows not very much convincing finding in terms of new
business idea generation coming from the use of social media in the small and medium
enterprises. 59 % of the respondents agreed with the fact that the use of social media leads to
generation of new business ideal. However 41% did not share the same line of thinking. The
general conclusions therefore social media can lead to new business idea generation if used
well in the Small and Medium enterprises. Previous research on effect of social media creating
innovation on SME showed that 31% of the respondents agreed Samuel and Joe (2016; 643).
Therefore the results show a positive element that more Zimbabweans believe that through use
of social media new ideas can be generated.
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Use of social media increases business networking and strategic alliances within the SMEs

Figure 6 business networking
64% of the respondents say the use of social media leads to business networking and formation
of strategic alliances in the small and medium enterprise. However 36% did not agree that the
use of social media in SMEs leads to business strategic alliance formation. Those that do not
agree show that they are not using social media for business purposes and also do not have the
right contacts to increase their business networking.
3.2 Conclusion (s)
From the research above the general conclusion is that the use of social media in small and
medium enterprises leads to increase in sales. An increase in sales is an economic development
to the nations as more goods would be sold.
Secondly the research found that the use of social media leads to an increase in customer base
and market share this is the good news to small and medium enterprises, this was supported by
69% of the respondents.
Thirdly, the results of the study showed that social media boost new idea generation for value
addition and beneficiation. 59% of the respondents supported this point it was the general
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conclusion that even though a some could not agree, the use of social media in small and
medium enterprises leads to new business idea generation.

Fourthly the results of the research show that the use of social media in SMEs leads to business
partnership and formation of strategic alliance. This was supported by 64% of the respondents.
The research also outlined that Facebook, Twitter, WhatsApp and You Tube are the most used
types of social media in Zimbabwe
3.3 RECOMMENDATIONS
Small and Medium Enterprises must make use of social media for economic development not
only for social networking. Most business deals are now done on social networks hence the
SME must take advantage of it and make money.
SMEs must form business groups just the same way they have created family groups, church
groups, soccer lovers groups. There must create groups to discuss business ideas and this will
lead to new idea generations.
The Government through the Ministry of Small and Medium Enterprises must educated the
Small and medium Entrepreneurs on how to use social media fir their own advantage. This will
increase new business idea generation and sales among others for economic development.
SMEs must make sure there is updated information which is available for customers on social
media platforms. They must also respond to customers faster. The reason why some SMEs are
not enjoying the fruits of social media is because they have outdated information of their pages
and also does not respond to customer request of social media with speed. It is dangerous to
promise customers that we can also contact us on social media platform and fail to respond in
time.
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ABSTRACT
This study investigated the role of microfinance services in empowering women entrepreneurs
in rural areas of Zimbabwe with focus on identifying the challenges and opportunities women
entrepreneurs face. The study employed pragmatism philosophy where mixed approach was
used and data was gathered using questionnaires, interviews and group discussions. Purposive
and convenient sampling was used to select the participants. Results from quantitative data
show that microfinance institutions issue loans to women without training them properly and
also women lack knowledge on how to apply and use the money they borrow. Study findings
also revealed that majority of women struggled to pay back the loans and some end up selling
their property to repay the loans. An insignificant number of women admitted that they
benefitted a lot from loans they borrow from microfinance institutions. Majority of women
admitted that borrowing money is adding stress to one’s life. This study therefore recommends
that the Ministry of Women affairs, Gender and Community Development together with
Ministry of Medium and Small Enterprises should fund and train women entrepreneurs in rural
areas so that their businesses can grow and eradicate poverty amongst rural women . The
microfinance institutions should simplify the procedures for applying for loans so that all
women have access to loans and should train women on how to apply, use and pay back the
loans. Networking amongst women should be increased to that women learn from each other.
Key Words: women entrepreneurs, micro-finance, entrepreneurship
1. INTRODUCTION
Entrepreneurship is increasingly recognised as an important driver of economic growth,
productivity, innovation and employment and it is widely accepted as a key aspect of economic
dynamism (ILO 2015; Maru and Chemjor 2013). An entrepreneur according to (ILO 2015) is
a person who is an enterprise builder, perceives new business opportunities, creates business
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where one existed before, directs these businesses by using his or her own and borrowed
capital, takes the associated risks and enjoys profit as rewards for the efforts. Women
entrepreneur is therefore a female, who starts, own, operate, manage and take risks in their
business. Women entrepreneurs have been particularly disadvantaged in the past as they do not
own any property which can be used as collateral on loans and need permission from their
spouses to enter into financial arrangements (Philips, Moos and Nieman 2014).
According to (Maru and Chemjor 2013) empowerment of women is crucial for the
emancipation of poverty and meaningful participation of entrepreneurship development. They
argue that women continue to remain under represented and their success often remains
invisible and acknowledged. Biswas (2008) adds that increase women’s access to microfinance enables women to make a greater contribution to household income and the capital
injection into the business. Access to finance enables poor women to become economic agents
of change by increasing their income and productivity access to markets and information and
decision making power (Maru and Chemjor 2013). However, studies have shown that while
the MFIs reach the very poor, their reach to the disadvantaged particularly to women is limited
to 38.4% hence they remain in poverty cycle (ILO 2015).
The lack of the financial access for the poor has been addressed to a larger extent, by rapid
developments in the micro-credit sector and speedy expansion MFIs over the past few decades
globally. Success stories are talked at every conference or seminar on microfinance, whether
globally or locally but certain critical questions remain. One is with question of access to
resources and finance and the other is with regard to the impact of the finances on the recipient.
These questions are critical for the empowerment of women as well as sustained poverty
alleviation (ILO 2015).
Studies have shown that there is now an increase in number of women involved in
entrepreneurship. In U.S.A statistics shows that the number of women-owned business is
increasing tremendously in new business start-up (Mattis 2004). Verheul, Van Stel and Thurik
(2004) also note that women entrepreneurship rates are high in some countries such as
Argentina, India and Brazil and low in others such as Japan, Russia and Belgium. Canada has
experienced a 200% growth in the number of entrepreneurs over the last 20 years. In Africa,
growth of women entrepreneurs was noted in Cameroon, Uganda, Kenya and South Africa. In
Uganda women entrepreneurs form majority of the country’s business people in the areas of
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farming and small to medium-sized enterprises (Mandipaka 2014). Despite all these increases,
the number of men in business still outpaces those of women.
In Bangladesh women entrepreneurs complain more about (29%) about high cost of borrowing
than men (19%).Far fewer women (1%) compared to 14% had applied for loans. In Eastern
Europe of Central Asia women are 20 percent more likely to be rejected by a bank. Thus women
who need a loan are less likely to get one than men. On average, business owned by men in
developed countries are twice as large as women owned businesses, this is also the case in
developing countries. The study by International Finance Corporation showed that in most
regions of the world, women entrepreneurs own few and small enterprises as shown on table
below:
Table1: Estimated number of men and women owned business by region (2003-2010)
Region

Business
owned
women (%)

by Business owned by men
(%)

East Asia and the Pacific

43

57

Latin America and the
Caribbean
Middle East and North Africa
South Asia
Sub-Saharan Africa
Europe and Central Asia

39

61

14
8
76
42

86
92
24
58

Source: International Finance Corporation database 2011
Looking at the table above it shows that ownership of businesses is skewed to men and one
would wonder why this scenario when microfinance institutions were given mandate to
empower the women and break the poverty cycle.
Maas and Herrington (2006) noted that most women enterprises in South Africa are
concentrated in areas of crafts, hawking, personal services and retail sector and only a few are
participating in value adding business opportunities. In 2014 Mandipaka study found lack of
education and being unexposed to markets and lack of funding as challenges faced by women
entrepreneurs. Women entrepreneurs in Zimbabwe are becoming increasingly visible in the
local economies of the country although they are concentrated in the informal sector. However,
it has been noted that women face many challenges in their endeavor to pursue their businesses
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Mhishi and Kapingura (2012) argue that MFI helps to empower women from poor households
and economy at large. According to Reserve Bank of Zimbabwe (2011) the role of MFI is to
eradicate poverty and support future growth through financial inclusion. The economic
recovery of Zimbabwe has facilitated the increasing growth of MFI institutions whose main
mandate is to reduce poverty through provision of micro-credit to the less privileged people in
the society (Mutengezanwa et al. 2011). However, majority of women driven enterprises have
shown marginal growth signs. Nyamwanza et al.(2012) note that women have been in the same
line of business for years but they have not materially been better off. The fact that they have
remained in business is indicative of the potential of business ventures that have been their
source of survival for years. However the challenge could be funding and how they manage
their business. The empowerment of women entrepreneurs through delivery of Microfinance
services in rural areas of Zimbabwe have not been adequately studied and developed. Most
studies focused women entrepreneurs in urban areas and entrepreneurs in general and most
studies were carried using quantitative methods only and thus this study use mixed methods.
Also despite a multitude of studies devoted to the topic, the effects of MFI intervention on the
empowerment of women entrepreneurs in rural areas remain largely unexplored in Zimbabwe.
This study therefore seeks to establish the role of MFIs in eradication of poverty through
empowering women entrepreneurs in rural areas and also to unveil the opportunities and
challenges women entrepreneurs experience in running their businesses.
2. MAIN OBJECTIVE
The study seeks to investigate the opportunities and challenges women entrepreneurs in rural
areas are facing in accessing loans from microfinance institutions.
2.1 Specific objectives
The objectives of the study are to:
1. Establish the role and impact of microfinance services on empowerment of women
entrepreneurs.
2. Unveil ways by which Microfinance institutions can promote rural women
entrepreneurs to eradicate poverty and promote women empowerment.
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3. METHODOLOGY
This paper employed pragmatism philosophy where mixed approach was adopted to establish
the role of microfinance institutions in empowering women entrepreneurs in rural areas.
Furthermore the study investigated the challenges and opportunities rural women entrepreneurs
have from the services rendered by microfinance institutions, directly or indirectly by means
of in depth interviews and focus group discussions. This enabled triangulation of methods.
Population of this study includes all women entrepreneurs in Seke rural. A sample of 30
participants which comprises 4 representatives from four MFI institutions and twenty four
women entrepreneurs from two wards in Seke rural was used in the study. Purposive sampling
was used to select four representatives from microfinance institutions and fourteen women who
run business in Seke rural. Convenient sampling was used to select 10 women for the group
discussion.
A descriptive survey design was used since it was all about people’s perceptions on the impact
of microfinance institutions in empowering rural women entrepreneurs and challenges women
entrepreneurs faced. The study employed a mixed approach to collect data in order to obtain a
holistic or total view of the rural women entrepreneurs on the impact of MFIs on their lives and
business and the challenges they face.
Diverse types of data were collected and triangulation of methods of data collection was
employed at various stages of the study. A structured questionnaire was used to collect data
from women entrepreneurs while in depth interviews with MFIs officials were conducted and
data was captured using an interview guide. The interview facilitated personal conduct with
the participants
Self administered questionnaire were handed to respondents during the monthly visit carried
by credit officers. The study used questionnaire because the results can relatively easy to
quantify and allows quick and easy analysis of data. The questionnaire enables the researcher
to collect data from women entrepreneurs in Seke rural as they gather for meetings. The
instrument enables the subject to respond freely.
The interviews and group discussion were also carried to argument and verify data collected
through use of questionnaires. Use of group discussions gave opportunity to women to express
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their views using the mother tongue (Shona). The discussion was guided by the response on
questionnaires for seeking clarity of information obtained for the study. The triangulation of
methods was done to cross validate the validity and reliability of solicited data. The
combination of the instruments ensured that the weakness of one instrument was compensated
for by the strength of another. The study conducted a focus group of 12 women entrepreneurs
from Seke rural in Mashonaland East Province. The researcher used the opportunity to carry
group discussions as women entrepreneurs turn up for training sessions with the MFIs credit
officers. According to Wilson (2010) a focus group is a form of quantitative research in which
a group of people are asked questions about their opinions, perceptions, beliefs and attitudes
towards a product, service, concept or idea. Use of a focus group discussion enabled the
researcher to study people in a more natural conversation pattern than typically occurring in a
one to one interview. The researcher was taking notes for coding later.
Interviews were used to collect data from MFI representatives and female entrepreneurs that
run business in Seke rural. Two interview sessions were carried with the participants.
Interviews were used to ensure a high response rate and to allow motivation of subjects and
probing information required from participants.
4. RESULTS AND DISCUSSIONS
4.1 The role of microfinance in empowering rural women entrepreneurs. The study sought to
establish the role and impacts of microfinance services on empowerment of women
entrepreneurs. The results from the questionnaires are shown below:
Table 1: The role of MFIs
Description
MFIs often try to:
Empower the poor and marginalized

Agree
(%)
60.3

Not sure
(%)
14.7

Disagree
(%)
25

Bringing about socio-economic
80
sustainability
Alleviate poverty and empower the poor 75

4.8

15.2

10

15

Increase social interaction and linkages

64.8

25

10.2

Use resources to develop community

30

55

15

Create market linkages

60

18.3

21.7
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The table 1 shows that most (80%) of the respondents agreed that MFIs brings about socioeconomic sustainability. Provision of credit helps to improve the economy of the country as
well as improving the women’s economic conditions. Responses from questionnaires also
indicated that another crucial role of MFIs is to alleviate poverty and empower the rural poor
women entrepreneur towards inclusive growth (75%) while 65% indicated that increase in
social interaction and linkages was also a significant role played by MFIs.
Results from interviews with representatives from MFIs also confirmed that the MFIs were
established in order to offer credit to the poor usually the informal business. They also admitted
that the mandate of MFIs is there to fight poverty so that they can improve living standards of
people. The MFIs representatives admitted that the role of MFIs was to assist entrepreneurs to
fund their projects especially those who cannot access loans from traditional banks.
4.2 Challenges faced by women entrepreneurs in rural areas.
The study aimed to find the challenges women entrepreneurs faced in running their business.
4.2.1 Lack of knowledge on the existence of MFIs.

Never applied
Applied

Figure 1: Number of women who applied for loans
Findings from the study showed that 70% of the rural women entrepreneurs never applied for
microfinance credit to fund their business while 30% applied. The women interviewed admitted
that they lack knowledge of the existence of microfinance and some had also bad experiences
from friends and relatives that deter them from applying for loans from MFIs. From the 241
registered MFIs in Zimbabwe only 10% of the participants were able name at least one MFI
they know while 90% could not name MFI institution they know. This could be because the
MFIs do not market their products. When asked, the MFI representatives admitted that they
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cannot market their products openly because they are afraid that they can attract wrong market
usually who have high chances of defaulting.
Participants were asked how they learnt the existence of MFIs. The results were shown on table
below:
Table 2: Source of information on the existence of MFIs
Description
From Friends
From relatives

Number of women
4
2

Percentage (%)
16.7
8.3

From political structures

18

75

Total

24

100

The table above shows that 75% learnt about the MFIs from their political structures while 16.7
% got the information on MFIs from friends. This shows that lack of knowledge on the
existence of MFIs hence they struggle to get start-up capital. Furthermore, this could also be
the case because most MFIs are not located in rural areas. The results show that 75% of the
MFIs have no branches in rural areas thus making MFIs services inaccessible to rural women
entrepreneurs.
4.2.2 Lack of Education and Training
All women who participated in the study indicated that lack of education and training is a
challenge hindering the success of the women entrepreneurs living in rural areas. This result is
in consistence with literature. Literature confirms that lack of skills training and business
education has negative effect on enterprise performance (15, 10, 7, and16). (10) also confirm
that entrepreneurship education is still one of the prime factors limiting the growth of the
economy of Zimbabwe.
Representatives from MFIs were asked whether they offer training to their clients; they
revealed that they offer training to successful loan applicants. They said that the field loan
officers hold training usually to group of people working with the structures in the wards.
However, they admitted that the frequency of training was inadequate. This was also confirmed
by women entrepreneurs who complained that training was inadequate since they do not equip
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them with business management skills. The majority of women (80%) also revealed that they
also lack time to attend to trainings since they are the managers and workers of their enterprises.
If they lose hours doing training they would have lost a lot. They admitted that they cannot
balance business time, training time and household chores. However, 25% of women in rural
areas indicated that training by MFIs impacted positively on their running of the business. This
is in line with what (7) observes and argues that acquiring relevant skills and knowledge about
managing a business nature can also be more difficult for women since they often have a double
work burden and children responsibilities. This also shows that women see no importance of
training. About 90% of rural women entrepreneurs admitted that they lack financial
management skills in running their business. These results are in consistence with what (10)
found in their study.
4.2.3 Accessing loans from MFIs
Findings from the study revealed that women have access to loans but the issue of collateral
security remains a major obstacle women face in applying for loans. Majority of women (74%)
indicated that they failed to acquire loans from MFIs because they do not have properties which
can be used as collateral security while 26 % said they got loans through group loans. The loan
field officers from MFIs also disclosed that they require pledged asserts when they offer
guaranteed loans. They require the client to pledge household asserts if applying for a loan
below $900, a car for a loan that is $1000-$2000 and title deeds for loan that is $2000 and
above. These findings collaborates the study by (10) who found out that some MFIs in
Zimbabwe have begun to request collateral for loans albeit the main objective of MFI is to
cater for those borrowers who cannot be able to meet the stringent requirement by banks. This
is also in line with (16) and (17) findings that access to start-up capital by women is a major
stumbling block to venturing in a new business. The MFI representatives also revealed that
they no longer offer group loans since there are many defaulters. If one person in the group
fails to pay the loan the whole group is affected. The results implied that although women have
access to MFIs loans they get smaller loans than men because they do not satisfy loan eligibility
criteria such as physical collateral or guarantor.
The findings revealed that 85% of women entrepreneurs in rural areas struggle to pay back the
loans while 15% had no challenges in accessing loans from MFIs. MFI representatives
indicated that a greater number of women who borrow loans end up paying back the loans
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using funds they borrow from money lenders or from relatives and friends. These further
crippled women’s businesses which are struggling to take off. This was caused by improper
management of funds by women entrepreneurs. They divert profits to buying basic
commodities and to pay fees.
Ninety percent of the women indicated that loans are offered to women entrepreneurs with
existing business and not to those who need capital to start up the business and 10% were not
aware of how loans are offered. The MFIs representatives also add that, loans were given to
women entrepreneurs who can give their business plan and market size. This result collaborates
what (13)’s study found. This results is also in line with (13) and (17) finding that access to
start up capital is a major stumbling block to venturing into new business. Additionally, (16)
confirm that access to finance is one of the hardships women entrepreneurs face to start up
business and as a result they end up using their own meager funds to start up business ventures.
The screening factor by MFIs was also found to hinder women to access loans. This confirms
findings of (10) who found out the use of size by MFIs to screen applicants would mean
denying most women access to finance.
4.2.4 Stagnant Business.
Data from the study revealed that most business of women entrepreneurs in rural areas either
remains stagnant or they die at their youthful stage. This was attributed by poor management
skills, poor marketing strategies and lack of funding. About (80%) of women complained that
their profits are engulfed by high rentals at market place, fluctuation of prices on the market,
bad debtors and most profits are used to run the family. This is so because the majority of
participants are into gardening and when they sell their products on the market they have to
pay for transportation of the products, daily rentals to council and also they need food.
4.3 Impact of Microfinance services to women
The impact of MFIs on rural w omen entrepreneurs was assessed and the responds’ responses
to the assertion are shown on the table below:
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Table3: Impacts of MFIs on Rural entrepreneurs
Dimension

Agree (%)

Not sure (%)

Disagree (%)

Improved cash flow levels

70

13

17

Increased market share
60
Improve quantity, quality and 65
range of products

15
10

25
25

Improved social well being

45

10

45

Positively impact future business 50
performance

25

25

From the results obtained 70% agreed that loans from MFIs can improve the cash flow and this
enable them to improve the quantity, quality and range of products (65%), have increased
market share. Participants had mixed feelings on whether loans obtained from MFIs improve
the social well being 45% agreed and 45% disagree with the notion.
Results from interviews indicated that 75% of the participants claimed that they did not benefit
much from the loan; instead, it brought more problems in their business. They said that getting
and paying back the loan increased the burden since they failed to pay back the loan. They
even disclosed that they had to borrow money from money lenders who charge high interests
in order to repay the loan and some end up selling their property to pay back the loan. This
implies that MFIs do not educate their clients on how to use the money they borrow and manage
their businesses. Women entrepreneurs showed that do not understand the financial
management in their business and do not see importance of reinvesting in the business.
On contrary 25% of women revealed that they benefited from the loan they got from MFIs as
it boasted their business. They could now afford to feed their families and pay school fees as
well as striving in their business. These are the women who are in business for more than 10
years and are professionals who work in rural areas. However the results show that if the role
of MFIs is well executed it improves the lives of the poor. This results corroborates what other
studies have found (2, 7. 10 and 13)
5. CONCLUSION
Appropriate business skills like financial management are needed for the enterprise survival
and growth (11). Women entrepreneurs should seek proper training and investment
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management to effectively utilize financial resources. (18) posits that some do not keep records
nor do they have a bank account which will make them eat up into capital cannot differentiate
between business capital and profit.
Rural women have the potential and interest to establish and manage enterprise but what is
needed is knowledge regarding accessibility to loans, financial management skills, technical
skills and support from government and other organisations. Women entrepreneurs have
limited financial management skills and other skills as book keeping inventory management,
personal management basic marketing hence the owners of the business end up losing track of
their daily transactions and could not account for their expenses and profits at the end of the
months (18).
Microfinance institutions have a great role of eradicating poverty amongst the poor through
offering loans. However, MFI in Zimbabwe are putting prohibitive procedures women would
follow in order to acquire loans. Collateral security or salaried guarantor found to be the
hindrance to women entrepreneurs’ access to loans since they do not own any property.
Microfinance institutions have diverted from their major role of eradicating poverty amongst
the poor by putting prohibitive administration procedures and collateral security.
Women lack business management and financial skills to run their business so that they can
grow. They do not take reinvestment as an important measure in their businesses. They also
lack marketing strategies to boost their sales. Women entrepreneurs struggled to pay back loans
they borrowed hence trapped in the poverty cycle.
6. RECOMMENDATIONS
MFIs must train women entrepreneurs on aspects of financial management before availing
loans to them so that they equip them with business knowledge. Entrepreneurship education
according to (19) enable individuals to be self-employed and self reliant, enable people to be
creative and innovative in identifying business opportunities; serve as a catalyst for
development and economic growth; reduce the level of poverty, create employment
opportunities inculcate the spirit of persistence in people, which will enable them to persist in
any business venture.
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Government and local authorities should provide sufficient infrastructural facilities such as
protected shades, ablution facilities and water supply. They should also allow them to operate
for a period of two years without paying rentals and lease so that they can realize the profits to
pay back loans and to reinvest in business for growth and expansion of their business.
Government and private sector to partner intensively and extensively carry educational
awareness campaigns in all areas to make women entrepreneurs aware of credit loan facilities
and how they can access them. MFIs should decentralize and have branches in rural areas so
that they become accessible to rural women. Legalizing the concept Stokvel (known as rounds)
is encouraged in Zimbabwe as in South Africa as a way women can access so form of cheap
and easy financial for their business bus-a great source for startup capital for most women
owned(10)
Government should review the screening process by MFIs not to ask for collateral security.
MFIs should prioritize entrepreneurial credit over consumption credit and encourage women
entrepreneurs to open up bank accounts to reduce easy access to money which might tempt
them to use more for personal emergencies. Encourage women through their trainings to
reinvest profits into business for it to Government to introduce programs that promote and
increase joint property registration to benefit women borrowers thus including women in assert
registration. This would give women equal rights to property enabling them to use it as
collateral.
Women should venture into a variety of activities in order to avoid loses through fluctuation of
prices on market and competition from other businesses.
There is need for public – private partnership in preparing the funding necessary for small
business development. Women entrepreneurs should form partnership with individuals from
different areas knowledge and expertise in order to learn from one another. Government should
increase MFIs institutions run by government which aims to eradicate the poor women in rural
area. Also the government through RBZ an Police should monitor and evaluate the government
and private owned MFIs to see whether they are doing their mandate and also to increase
women’s access to loans.
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ABSTRACT
The study investigated the level of financial literacy of micro, small to medium enterprises
entrepreneurs in Bulawayos’ Kelvin West industrial area. The research adopted the
constructivist philosophy and a survey research design was utilised. Research was conducted
using questionnaire surveys that were administered to the entrepreneurs operating in Kelvin
West, Bulawayo. In-depth interviews were also administered with officials from organizations
which work with entrepreneurs to provide qualitative insights on programs they have on
financial literacy. The study also used secondary data sources to gather information related to
financial literacy. SPSS was used to analyze the quantitative data and thematic analysis was
used to analyze qualitative data. The study noted that the majority of entrepreneurs are
financially illiterate. The study recommends that there be financial literacy education
programmers’ for MSME owners in order to improve their attitude and skills in business
planning, budgeting and book keeping.
Key Words: Financial literacy, Entrepreneurs and Micro, Small to Medium Entrepreneurs.
1.0 INTRODUCTION
The global economy is heavily dependent on the success of Micro, Small to Medium
Enterprises (MSMEs) which create employment, alleviate poverty and provide balanced
developments which bring about economic growth in rural and urban setups (Fatoki et al,
2014). The soaring number of unemployed people underscores the need for entrepreneurship
skills enhancement. Thus, the marginalised and vulnerable groups can invest their incomes,
create new sources of economic growth and generate additional employment in the country.
Important as they are MSMEs provide fertile ground for grooming self-owned businesses,
micro, small and medium sized enterprises for economic development (Chibba, 2007: 14).
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MSMEs are pivotal to employment creation and economic growth, particularly in countries
such as Zimbabwe that has a high unemployment rate, estimated at up to 90% (Fatoka, 2014;
Wise, 2013). MSMEs play a key role in the economy, employing about 60% of the country's
workforce and contributing about 50% of the country's Gross Domestic Product (GoZ, 2015).
The significance of MSMEs in Zimbabwe is also highlighted by its inclusion in the economic
blue print, the Zimbabwe Agenda for Sustainable Socio- Economic Transformation. One of its
key strategies is fostering strategic linkages and formalisation among SMEs across all sectors
of the economy.
Many definitions have been put forward to define MSMEs, but still there is no universally
accepted definition (Atkinson, 2007, Huston, 2010; Kim and Gallent, 2000; Bianco, 2011). The
definitions of MSMEs vary widely from country to country and Chirisa et al. 2012 asserts that
the concept is defined from various perspectives and angles. The Zimbabwean SME Act (2011)
describes SMEs as the business organizations with an asset value of from USD10,000 to
USD2 million, employs 2 to 20 people and has an annual turn-over that ranges from
USD30,000 to USD5 million (Britt, 2012). The Reserve Bank of Zimbabwe (RBZ, 2013), has
adopted the same definition. This study, has also adopted the definition of the MSMEs as
outlined in the SME Act of 2011 as it reflects the current state of MSMEs in Zimbabwe.
MSMEs are increasingly viewed as a significant component of the solution to Zimbabwe’s’
development issues. The creation and sustainability of MSMEs is vital to the economic
prosperity of Zimbabwe. Despite the highlighted contributions of MSMEs in Zimbabwe, these
enterprises suffer from a high failure rate with deficiencies in skill contributing to a greater
extent to new business failure (Bomani,2015). Financial literacy has been identified as an
instrumental component which brings success or failure among the entrepreneurs. The United
States Agency for International Development (2009) cited in Fatoki, (2014), defines a
financially literate SME owner/manager as
“someone who knows what are the most suitable financing and financial management
options for his/her business at the various growth stages of his/her business; knows
where to obtain the most suitable products and services; and interacts with confidence
with the suppliers of these products and services. He/she is familiar with the legal and
regulatory framework and his/her rights and recourse options.”
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It can also be defined as a combination of awareness, skill, knowledge, attitude and
behaviour necessary to make sound financial decisions and ultimately achieve individual
financial wellbeing (Atkinson and Messy, 2012). High levels of financial literacy lead to more
frequent production of quality financial statements and subsequently, a higher probability of
loan repayment and lower chances of business failure (Wise,2013). Therefore the goal of this
paper was to assess the level of financial literacy thus, book keeping, financial planning,
budgeting and control, funding sources, costing, pricing and use of business terminology.
1.1 Problem Statement
The failure rate of MSMEs in Zimbabwe is very high and this could be attributed to a lager
extent to lack of financial literacy skills among MSMEs. However, a review of the literature
on financial literacy in Zimbabwe such as Bomani et al (2015) and Sibanda (2005) revealed
that no study has empirically investigated the financial literacy of MSMEs in Bulawayo.
2.0 OBJECTIVES OF THE STUDY
The objectives of the study are;
i.
ii.

To assess the level of financial literacy among MSMEs in Kelvin West, Bulawayo
To establish the impact of financial literacy on MSMEs in Kelvin West, Bulawayo.

3.0 METHODOLOGY
Cole and Fernando (2008) assert the fact that there is no standardised measure of financial
literacy. Nonetheless, to measure the financial literacy of small to medium entrepreneurs, this
study used the following concepts; budgetary control, book-keeping, comprehension of sources
Finance, costing and pricing decisions and risk management. In order to investigate these items
the research adopted the constructivist philosophy. The study utilized a survey design.
Research was conducted using questionnaire surveys that were administered to the 63
entrepreneurs operating in Kelvin West. These were randomly sampled to take part in the study.
In-depth interviews were administered with officials from Empretec, Bulawayo City Council
and Ministry of Small to Medium Enterprises and Community Development to provide
qualitative insights on programs they have on financial literacy. Secondary data was also
gathered from documentary evidence related to financial literacy.
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In order to ensure reliability and validity, a pilot study was carried out on the survey instruments
used in this research with ten small to medium entrepreneurs, after which modifications were
made for the final survey. Furthermore, the questionnaires were given to two experts for review
and suggestions. Triangulation was also done as questionnaires, in-depth interviews and
secondary data were interrogated to minimize bias. In data analysis, SPSS was used to analyze
the quantitative data and thematic analysis was used to analyze qualitative data.
4.0 RESULTS
4.1 Sex of Participants

Sex of Participants
Male

Female

20%

80%

Fig. 1- Sex of Participants
Figure 1 reflects a sex profile of the sample which participated in the study. It can be noted that
the sex profile of the sample appears representative of the disparity in the total population in
Kelvin West, Bulawayo. There were 80% males who participated in the study and 20% females
participated in the study. This reflects that there were more males than females who participated
in the study. The study had 28% of respondents as mechanics, 10% carpentry, 15% in brick
moulding, 23% in maputi and other snacks production, 20% selling gas and 9% catering
services. The majority of the females were in catering services selling sadza and beverages as
well as selling gas.
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4.2 Age Range of Respondents

Age Range of Respondents
50%

30%

11%
5%

21-30

31-40

41-50

51-60

4%

61+

Fig 2 – Age Range of Respondents
Figure 2 shows the age range of the study respondents. It highlights that the majority of the
respondents are of the age from 21- 30 years. As it moves from 31-40, 41-50 the number
decreases from 16 to 6 respectively. For the above 50 years the number was insignificant with
3 for 51-60 and 2 for 61+ years. It is important to note that unemployment affects the age range
from 21-40 years a lot thus resulting in them resorting to become MSMEs.
4.3 Qualification of the respondents

Percentage
70%
60%
50%
40%
30%
20%
10%
0%

Percentage

Fig 3 - Qualification of Respondents
Figure 3 shows the qualifications of the respondents who participated in the study. Table 1
reflects that the majority of respondents (63%) of the respondents had certificates or diplomas.
This is followed by 13% of the respondents who have degrees. On the higher degrees category
there was 9% and 6% of the respondents did not answer on qualification category.
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4.4 Book- keeping
Keeping Accounting Books

Yes

Percentage No

Percentage

Sales Books
Purchase Books
Asset Register
Inventory Books
Cash Books
Debtors Books
Creditors Books
Use of computer based accounting systems

52
25
12
16
48
39
10
4

96%
46%
22%
30%
89%
72%
19%
7%

4%
54%
78%
70%
11%
28%
81%
93%

2
29
42
38
6
15
44
50

Table 1 - Book- Keeping
Table 1 reflects that the sales book, debtors’ book and cash book are the books that are
predominantly kept by MSMEs. Creditors’ book is the least used book by the respondents
whereas the cash book is the most used book with 96% of respondents indicating that they use
it in their business. This limits their ability to extract vital financial information to improve
their operations. Access to finance by small businesses depends largely on their quality of
accounting information. Quality accounting information will enhance financial management as
well as accessibility of finance by small businesses. Amoako (2013) argues that SMEs do not
9+records. Thus, the application of accounting information to support assessment of financial
performance by MSMEs is not efficient.
4.5 Funding Sources for the Respondents

Funding Sources
Sources of Finance
Micro- Finance

23

Selling Assets

47

Stock Vels/ Clubs
Commercial Banks

23
7

Fig 4 - Funding Sources for the Respondents
Figure 4 reflects that most (47%) of the SMEs' major source of finance comes from selling
their assets and most noted that they sell their livestock in order to fund their enterprises. This
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was followed by micro-finance and stock-vels/ clubs at 23% apiece. However it can be noted
loans from micro finance and stock vels/ clubs are not sustainable for SMEs as they have high
interest rates and as time moves they end up selling the machinery of the entrepreneurs after
they fail to pay their loans.
4.6 Financial Planning, Budgeting and Control
The key informants of the study indicated that most of the enterprises’ owners do not engage
in formal financial planning, budgeting and control. One participant noted that;
" Most SMEs in Bulawayo are bound to fail because their foundation is not strong. They
cannot plan well and their priorities are misguided ....."
Berry (2011) points out that financial planning and control systems should be used by MSMEs.
There is a positive relationship between having a formal financial control and control system
and A SMEs are survivalist and informal as is in the case of MSMEs in Kelvin
West. Most of the budgeting and financial planning and control of the SMEs is on informal
basis. The results are consistent with the findings of Abanis et al. (2013) that most small
businesses do not engage in formal financial planning, budgeting and control. Warue and
Wanjira (2013) find that lack of budgeting is one of the causes of failure for small business.
Uwonda et al. (2013) find that failures in many SMEs can be linked to inadequate cash flow
management. The majority of SMEs do not prepare cash budgets and thus they are bound to
fail.
4.7 Training on Financial literacy

Training in Financial Literacy
40
30
20
10
0
University/college

High school
Men

Work shops/
Seminars
Women

Fig 5- Training in Financial Literacy
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Did not train in
Financial Literacy

The majority of the respondents (86%) highlighted that they did not have any training on
financial literacy and this was noted as a challenge affecting their business operations.
The table indicates that women are more financially literate than their male counterparts and
this is mainly because they are more receptive to workshops on financial literacy as compared
to their male counterparts.
4.8. Use of Business Terminology

Business Terminology
Yes
14
40

No

18
41

44

42

36

13

10

12

18

49

43

38

5

9

16

36

Fig 6-Business Terminology
Figure 6 reflects that most of the respondents had so much understanding on savings and loan
but did not understand how investments, taxes, business plan, stock market, credit card and
hire purchase operate. Failure to understand the business terminology is a serious handicap in
business operations in Kelvin West and hence an intervention is needed to capacitate the SMEs.
4.9 Costing and Pricing by SMEs
a) Acceptance of special orders below normal price when extra capacity exists in the short
run time horizon.
Variable
Do you accept special orders at below normal price
Percentage

YES
45
83%

Table 2- Acceptance of orders below at below normal price
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NO
9
17%

Total
53
100%

The majority (83%) of respondents highlighted that they accepts special orders at below normal
price when extra capacity exists in the short run time horizon whereas 17% indicated that it
does not accept special orders at below normal prices under any circumstances. A further
question on costs considered when accepting special orders at below normal price was posed
to the respondents who indicated that they accept special orders at below normal price. The
results are presented in the following doughnut chart.
4.10. Costs considered in making short run decisions

Costs considered
Incremental
Costs
22%

Total Costs
78%

Fig 7- Costs considered
Seventy eight percent (78%) of the respondents stated that they considered total costs in
deciding as to whether accept a special order at below normal price. Total costs include both
fixed and variable costs. The chart above shows that most small to medium entrepreneurs tend
to turn down offers that could provide a contribution to fixed costs due to lack of costing
techniques appreciation. However, it is most likely that most resources required to fill the order
will have already been acquired and the cost of the resources will be incurred whether or not
the order is accepted by the entrepreneur (Drury, 2007:419). Consequently, fixed costs like
rentals and salaries are irrelevant in making short run decisions and only variable incremental
costs should be considered. Orders that cover variable costs and provide some contribution
towards fixed costs should be accepted in the short run if idle capacity exists.
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4.11. Risk Management

Bussiness Assets Insured
All assets insured

Some assets insured

None of the assets are insured

0%
40%
60%

Fig 8- Business assets insured
The results as indicated by Figure 8 depict that none of the respondents has insurance policy
that covers all their business assets with a view of reducing their risk. The majority of
respondents highlighted that they have insured some of their assets. The insured asset being
predominantly the motor vehicle since it is a legal requirement to do so. However, Iopev and
Kwanum (2012) point out that risk management is particularly vital to the survival for small
businesses as they stand to be restored to their original position should a mishap occur.
4.12. Training offered to small to medium enterprises
All interviewees concurred that training on financial literacy was lacking in small to medium
entrepreneurs in Bulawayo. Lack of resources was given as a challenge hampering training
programs. One respondent had this to say;
"We usually come up with quite a number of such programs in our budgets but the
number end up being whittled down due to limited funding and we end up not training
as many entrepreneurs as we would like to in any given operating cycle".
4.13. Impact of lack of financial literacy on small to medium enterprises
The interviewees noted the impact of lack of financial literacy as follows;
 High business failure rate-also as a result of not insuring assets against risk
 Failure to access loans at concessionary interest rates
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 Failure to service loans
 Failure to separate business affairs from personal affairs leading to depletion of capital.
 Failure to make good investment decisions
5.0 CONCLUSIONS







Most of the SME owners lacked even basic financial knowledge of common budgeting,
planning and book keeping.
Loaned resources extended to SMEs were not used in the manner they were acquired
for and the issues of misappropriation of such resources severely flawed their
enterprises.
Lack of financial literacy among entrepreneurs impede and stifle business operations.
Currently there are few programmes in place meant to offer financial literacy education
to SMEs in Zimbabwe during the time of this study.
Some SMEs are aware of the products and services offered to SMEs by banks, but many
do not qualify for start-up capital should they not be able to fund the repayment of such
credit from their business cash flows.

6.0. RECOMMENDATIONS








There is dire need of financial literacy education among the MSME owners in order to
improve their attitude and skills in business planning, budgeting and book keeping.
There is need for improved decision making since it is a vital component in business’
various contingent situations but this aspect is critically lacking among entrepreneurs. It
is therefore essential that an entrepreneur has the capability to evaluate decisions to
determine the enterprise’s future strategy (Watson, 2004).
To realize feasible economic development small businesses need to be supported
professionally through the afore-said support institutions, by exhibiting transparency in
issuing of loans, avoid politics, training and monitoring and supervision to get effective
feedback (Mabhanda and Kurebwa, 2015).
There is need for a deliberate policy to assist those without, security or collateral.
SME entrepreneurs should be conscintised on the need to acquire financial literacy skills
and encouraged to fund training workshops as they stand to benefit immensely from the
initiative.
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ABSTRACT
Countries around the globe are shifting focus to innovative entrepreneurship to accelerate
economic growth. Entrepreneurs can be regarded as contributors to job creation, poverty
elimination and economic transformation. This study relied on review of secondary data on
entrepreneurship and innovation. A gap exists between entrepreneurs’ innovations and use of
research results leading to minimal demand-driven innovation being absorbed into the
marketplace. Some innovations suffer still-births and never reach the market place making
research results are a necessity in guiding entrepreneurs to bring innovations to the
marketplace. However, absorption of research results by entrepreneurs is not automatic.
Capacity building is essential such that researchers disseminate research findings to
entrepreneurs and for entrepreneurs to receive it. The same platform should serve to educate
entrepreneurs on the necessity of acquiring and embracing new knowledge. Partnerships
between knowledge generators and end-users of knowledge provide for effective and efficient
conversion of research results into products and services, for socioeconomic transformation.
Key Words: Innovation, Entrepreneur, Research, Research results, knowledge generators,
marketplace
INTRODUCTION
Countries around the globe are shifting focus to innovative entrepreneurship to accelerate
economic growth and socio economic development within their constituencies. Entrepreneurs
have become major contributors to job creation, poverty elimination and economic
transformation. Entrepreneurship is therefore a vital discipline requiring constant improvement
and development through research. Various facets of a nation’s development require
continuous research support. Research is integral, not only for academic pursuits but also for
practical achievements in several facets of society; including but not limited to policy-making
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and production of world class goods and services. As the internet revolution advances, so does
entrepreneurship (Swetha 2013).
In Zimbabwe, the informal sector has always been a major player in the economy. As at 2013,
it was revealed that 3 000 000 (three million) people were employed in the informal sector
(ZIMSTATS 2013); (which was about 75% of the employed in the country). This meant that
the remaining 25% was shared between the state-owned and private enterprises in the formal
sector. Apart from being the largest employer, the informal sector has also been the largest
foreign currency earner, among other crucial roles it plays in the economy. The Micro, Small
and Medium Enterprises (MSMEs) sector is estimated to constitute 70% of the country’s
economic activity (Ruzivo, 2013). MSMEs are found in various economic sectors, notably in
manufacturing, retail, transport, mining, energy, construction and service sectors of the
economy Entrepreneurship introduces a critical element of dynamism into an economic system
(Borse, 2004).
Statistics are also available from other countries. According to OECD (2012), in Europe the
small and new businesses created by entrepreneurs represent more than 99% of all European
businesses and account for 60 to 70% of jobs in most OECD countries. However 40% of these
enterprises fail to thrive and in South Africa recent findings by researchers have shown that 55
% of small and medium-sized enterprises do not survive more than five years (Endeavour,
2012). The challenge is similar across most Southern African Countries. Drucker (2007) says,
“The enterprise that does not innovate inevitably ages and declines. And in a period of rapid
change such as the present, the decline will be fast”.
Research in entrepreneurship has been known to advance new knowledge and paves way to
bring innovation to the marketplace. Research can be defined as any systematic, critical or
scientific study of, or inquiry into, any subject or matter for the extension of knowledge;
(Research Act, 1998). For the purposes of this paper, based on definitions from different
scholars; innovation is defined broadly to include new products, new processes, new services
and the development of new skills. Entrepreneurs are defined as people who are, at different
stages of life and at different stages of starting, managing or growing their own businesses, and
at different stages of the entrepreneurial journey. They move along a continuum that includes
nascent entrepreneurs, solo-entrepreneurs, micro-entrepreneurs, lifestyle-entrepreneurs,
technology-entrepreneurs, high-growth entrepreneurs, and innovative entrepreneurs. Some
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start small and stay small, some start a series of progressively larger businesses over time, and
some make the transition from micro-entrepreneur to high-growth entrepreneur as life and
business circumstances change (Mirzanti, 2014).
Lundström and Stevenson (2005) stated that entrepreneurship is not just something that
entrepreneurs do; it is a process, activities, and social phenomenon that emerges within the
context of a broader society and involves many actors. The Research Council of Zimbabwe
(RCZ) in the National Science, Technology and Innovation System, identified knowledge
generators as a part of these actors. Hindle (2009) puts it that every invention process is a blend
of four principle components:
1.
2.
3.
4.

Existing knowledge (current expertise in given area);
The conscious search for new knowledge (continuous research);
The serendipitous (not consciously sought) discovery of new knowledge; and
Creativity.

The paper articulates the need to strike a balance between the use of research results,
entrepreneurship and innovative approaches to create and deliver goods and services. The
innovative effort itself, including formal research and development, remains the sine qua non
of growth (OECD 2007). As key players in the economy, entrepreneurs increasingly need to
acquire new knowledge for innovation. The results of this study point entrepreneurs towards
growth and survival in markets characterised by global competition.
1.1 CONCEPTUAL FRAMEWORK OF THE STUDY
Entrepreneurship and innovation are multidisciplinary concepts related to different established
disciplines such as science, technology, management, economics, psychology, and sociology.
Therefore, there is no general accepted single theoretical framework. According to Carree and
Thurik (2002) the difficulties in defining and measuring the impact of research on
entrepreneurial activities is further complicated when one tries to measure its consequence on
economic performance. Accordingly, in order to study the impact of research on
entrepreneurship and its consequences on bringing innovation to the market place; a framework
that portrays the interdependence of research, entrepreneurship, innovation and socio economic
transformation was adopted. The link between research and socio-economic transformation is
well established. A number of empirical studies suggest that entrepreneurship is a result of
converting knowledge into goods and services thereby leading to economic growth. Guchu
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(2015) asserts that a nation’s socio-economic transformation rests on a research and
innovation-driven growth.
According to Wennekers and Thurik (2002), the difficulties in defining and measuring the
extent of entrepreneurial activities complicate the quantification of their impact on economic
performance. Understanding different roles in the process of growth requires a framework
because there are various intermediate variables or linkages to explain how entrepreneurship
influences economic growth. Examples of these intermediate variables are innovation, variety
of supply, entry and exit of firms (competition), specific efforts and energy of entrepreneurs
(creativity), etc. The element of research has been added as a variable, for the purposes of this
study. Knowledge–based economies require research that leads to increased products, hence
the links in the conceptual framework. (See Figure below, for the schematic presentation of
the idealistic conceptual framework of analysis).
The different dynamics that affect entrepreneurship and its impact on socioeconomic
transformation include creative ability, entrepreneur’s innovation, generation and use of
research results. A thin line exists between creativity and innovation. Creativity is the
competence of conceiving something original or unusual. Innovation is the implementation of
something new or a novel idea. Innovation can cause research to occur, can take place with or
without research; however there is innovation in entrepreneurship and vice versa (Wennekers
and Thurik 2002). Research is a vital component for socio-economic transformation and needs
funding for it to occur. When knowledge is generated, there is need for absorption of that
knowledge hence the research results should be packaged for the intended users. Depending on
the level of entrepreneurship, research can contribute to development of world class goods and
services, creation of employment and aid access to new markets, which leads to socio economic
transformation. Research should not be done in isolation; meaning it should be demand driven
as determined by linkages between knowledge generators and Industry. The linkages and roles
of each player are fully explored in Science Technology and Innovation Systems. Review of
the literature and in line with the objectives of this paper the following conceptual frame work
of the study was developed.
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Source: Adapted from Wennekers and Thurik,
2002

Creativity

Fig One: Conceptual Framework of Analysis
2. PROBLEM STATEMENT
It has been noted that networking is poor between knowledge generators and producers of
goods and services, resulting in minimal demand driven innovations for ready absorption onto
the marketplace. Some innovations suffer still-births and in most cases never reach the market
place. However, while innovation can take place without research; research should be
considered as an essential link within the value chain. The inter-dependence between
researchers and entrepreneurs is not valued. Research is an integral component of development
of world class goods and services hence limited use of research results affects entrepreneurs’
innovations. Arguably, entrepreneurs have limited access to the requisite information.
Therefore this paper seeks to establish the role of research in entrepreneurship.
3.

OBJECTIVES OF THE PAPER

The study was undertaken with the following objectives:
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1. To establish the link between production of world class goods and services and
employment of research and development;
2. To accumulate knowledge on strategies required to bring innovations to the
marketplace; and
3. To promote uptake of research results and development of new knowledge absorptive
capacity.
4.

RESEARCH DESIGN AND METHODOLOGY

A systematic review of existing information on research, entrepreneurship and innovation was
carried out, leading to framing of the research problem. Literature review of multiple resources
mainly secondary data sources obtained through desk research and case studies was done,
mainly due to time constraints. Some of the source documents used included Newspapers,
Journals, Zimbabwe Agenda for Sustainable Socio-Economic Transformation and the Study on
Capacity Building for Research Councils as Funding Agencies within the National Science,
Technology and Innovation Systems and the National Science, Technology and Innovation
System of Zimbabwe. RCZ Workshop reports were also used as sources of information.
Observation of small business operators was used to some extent. Results were based on the
empirical evidence of practical works carried out by the authors. There was no control over the
quality of data used.
5.

RESULTS

The authors of this paper observed a gap between entrepreneurs who innovate and researchers
who create new knowledge. Entrepreneurs increasingly have to acquire new knowledge to
innovate and for survival. Innovative performance contributes to competitiveness. Researchers
produce knowledge for the entrepreneurs, in turn, entrepreneurs utilise the research results to
create what the market requires and keep up with prevailing global trends. The following are
results based on the findings from the study.
5.1

Innovation in Entrepreneurship

Entrepreneurship in Zimbabwe has extended little or no effort to apply innovation, for
production of their products, resulting in goods of no known international standards resultantly
risky for export, hence none attainment of maximum contribution to economic growth. South
Korea made the top of Bloomberg ’s list of most innovative countries, for its R&D intensity,
productivity, high concentration of researchers and other factors. Korea’s focus for 2016 was
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to achieve more balanced and sustainable growth with a strong, innovative SME sector.
Research was considered key for entrepreneurship and innovation as evidenced by the
country’s high levels of R&D expenditure. In the case of India, innovation and
entrepreneurship were described as key for creating new value in various sectors by invention,
dissemination and use of new products, as well as development and scaling of new business
models.
Technological advances are a hurdle to small businesses. The challenge was mainly
unfamiliarity with the new technologies. Technological changes, though meant to bring about
economic changes did not appear relevant to local entrepreneurs, and faced resistance. Small
businesses were also not willing to invest in new ways of doing business due to the costs
involved. However costs of production were even higher when obsolete technologies were
used. The majority of small scale peanut butter producers operating in high density suburbs
such as Chitungwiza and Mbare were still manually packing their product. As a result there
were two options either more employees were required or fewer bottles would be packed
considering the one man operation. A common example was that of using a table spoon to refill
recycled bottles. Not only was productivity compromised but quality as well, often
characterised by presence of foreign matter such as flies, cockroaches and strands of hair.
Products from these small scale producers were not found in local supermarkets or accepted
for export. These sentiments were obtained from nine female peanut butter producers operating
in Zengeza One and Mbare National area.
Most participants, representing 80% were of the idea that entrepreneurs were lagging behind
in the use of advanced information and technology. While there was limited knowledge by
entrepreneurs regarding the importance of technology; there were also negative perceptions on
the use of technology, social media in particular. Facebook, Twitter, Whatsapp and Mobile
applications for instance, are necessary to any business, offering business benefits both
internally, within a company, and externally with clients or suppliers. Though subject to abuse;
successful businesses were built through proper optimisation of online tools examples being
10ngah, Ownai (online shopping platforms) and Ecocash (mobile money transfer). With
technology, businesses can research the market, access secondary data, for in-depth knowledge
on markets before penetrating them. Advanced entrepreneurs were using technology to conduct
primary research in the form of online surveys and customer feedback forms.
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5.1.2 Access to Markets
Approximately 24% of Small to Medium Enterprises interviewed by the Ministry of Small and
Medium Enterprises and Cooperative Development in Zimbabwe in the formalisation strategy
research of 2016, cited challenges in accessing new markets. RCZ is a member of the
formalisation strategy steering committee. The challenge was not the absence of new markets
but quality of products and requisite information on the market needs. The modus operandi of
the majority of entrepreneurs in Zimbabwe is that of guess work. Trade-related material
including access to national/international databases is available from the Ministry of Industry
and Commerce and organisations such as ZIMTRADE, but underutilised. This was largely due
to limited information of where to obtain data or inability to interpret the statistical data.
Entrepreneurs needed support to overcome these barriers.
The economic challenges in Zimbabwe imposed entrepreneurship as a way of survival. People
began to do what seemed to be popular business of the period; not necessarily what the market
required; the way to thrive was to do the same business in a different way proving that
entrepreneurship was driven by both creativity and innovation. Zimbabwe, beginning early
2015, witnessed a craze with quail birds (zvihuta). The rearing and selling of the birds became
popular due to the perceived health benefits. There were no documented research results to
inform the trend. Limited market information and data was a threat to small enterprises. Some
entrepreneurs experienced losses because the market price plummeted to a US$1 per bird. This
followed announcements that no research had been undertaken to ascertain the said health
gains.
5.2

Absorption of Research Findings for Innovation and Entrepreneurship

There was limited sharing of knowledge between research institutions and industry. There was
a gap between dissemination of research results or outputs and the capacity by entrepreneurs
to absorb the findings. The thought was expressed by knowledge generators themselves. The
knowledge generators include research institutions, statistical agencies, standards and
measurement bodies, public and private laboratories, research centres, universities, colleges
and polytechnics. These institutions had the responsibility to discover, create and develop
knowledge.

Research Institutions had limited resources or were not prioritising their

relationships with industry for maximisation of research results usage. Universities such as the
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Harare Institute of Technology and institutions such as the Scientific and Industrial Research
and Development Centre (SIRDC) were sources of new prototypes from research outputs.
Industry through organisations such as the Industrial Development Centre of Zimbabwe
(IDCZ) would be the natural route for absorption of these prototypes.
Institutional silos affected linkages and functionality of Science, Technology and Innovation
(STI) systems and deterred processes of bringing innovation to the market place.
Operationalisation of STI systems was required. Zimbabwe had a system which required
strengthening. The National STI System Framework for Zimbabwe was enunciated in a policy
brief that received Government commendation at Permanent Secretaries level. RCZ presented
the Zimbabwe STI study findings at the invitation of the then Minister of Science and
Technology, in plenary at the Research and Intellectual Outputs Science, Engineering and
Technology Expo (RIOSET) 2014; where it was recommended by delegates for submission to
Government as a Policy Brief. RCZ made the submission to the Office of the President and
Cabinet who circulated it to Permanent Secretaries for comments. The outcome was that RCZ
should proceed with implementation.
At the time of writing this paper, RCZ was engaging major players within the System to address
silo perceptions affecting its functionality and to clarify roles of the respective institutions.
According to the System institutions were tasked with development of requisite absorptive
capacity to ensure the knowledge generated was effectively and efficiently converted into
products and services, for the benefit of society and users in general.
Companies such as Total Zimbabwe, CBZ, Nestle and Tendo Electronics developed open
innovation approaches to R&D combining in-house and external resources to maximise
economic value from their intellectual property. In particular, they treated public research as a
strategic resource. Stakeholders at the RCZ 2016 Annual General Meeting reported that they
were utilising the National Research Database of Zimbabwe (NRDZ) as an information
resource for the production of goods and services in the private sector. Another positive
development towards improved absorption of research findings is that; the Government of
Zimbabwe through the Ministry of Small, Medium Enterprises and Cooperative Development
pledged to support and strengthen the capacity to carry out R&D for SMEs. In addition they
would use research information for the development of appropriate policies.
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5.2.1 Access to Research Results
Publicity and dissemination of research results to entrepreneurs by knowledge generators was
low. A representative of entrepreneurs at the RCZ Research Stakeholders’ Workshop (2015)
mentioned that the home based industry now dubbed “cottage industry” needs access to
research information on better and user friendly ways of conducting business and producing
goods. The balance between the cost-free dissemination of research results and their
exploitation was a delicate issue especially for publicly-funded research. Open access to
research results and publications, for free exchange of information was a welcome
development, although not all relevant information was freely available. To support
dissemination of research findings, RCZ in addition to the NRDZ had in place programmes
such as symposia, exhibitions (Zimbabwe International Trade Fair (ZITF), Zimbabwe
Agricultural Show (ZAS), and RIOSET), the Research Index, newsletters and periodic
updating of the RCZ website. However, the methods have not been as effective as anticipated.
Some of the targeted entrepreneurs had limited access to the NRDZ but often attend exhibitions
such as ZITF, ZAS and RIOSET.
The Research Council of Zimbabwe went a step further to spread reach for dissemination of
research results to entrepreneurs. A practical example being the 11th Zimbabwe International
Research Symposium, targeted at showcasing latest scientific research results and promoting
the uptake of research findings by entrepreneurs. The objectives of this Symposium were, to
provide a platform for bringing research results to entrepreneurs; enable researchers and
decision makers at all levels (including entrepreneurship level) in Zimbabwe and the rest of the
world to exchange information, research findings and ideas for unlocking wealth and to
promote smart partnerships among researchers, entrepreneurs and other users of research
results.
Intellectual property management rules had an influence on the flow of knowledge. It is
therefore important to develop, within the country, a system for ensuring that the understanding
of intellectual property rights is prioritised and all the innovators in the country are at least
aware of the basic IPR information. Though seldom documented there have been cases
whereby innovators have lost their work to “innovation thieves”. Mechanisms for supporting
local inventors in patenting their inventions must be put in place. Patenting costs remained
prohibitive.
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5.3 Industry and Knowledge Generators linkage for Socio Economic Transformation
The research carried out in institutions was often divorced from the needs and requirements by
Industry. This study exposed the tendency by knowledge generators to broadcast results
without directing them to the relevant users, save for Technology oriented Universities such as
Harare Institute of Technology, Chinhoyi University of Technology and the National University
of Science and Technology. At least 55% of undergraduate students indicated that they were
doing dissertations for the sake of fulfilling the requirements of attaining a University degree.
Demand driven research led more to socio economic transformation through development of
competitive goods and creation of employment during the production. University rankings
mostly relied on academic indicators such as publications and numbers of PhDs, and not
performance in the exploitation of R&D results. Companies were cutting research budgets or
closing the sections completely and yet it was a fact that organisations that did not employ
R&D were more likely to become redundant than those that had functional research systems.
An example was that of Nokia. “They did not do anything wrong” but the world changed fast
and they lost their chance of survival. Had research been done; a different result may have been
achieved. Investment in R&D cannot be overemphasised.
5. DISCUSSION
Results of this study showed that there was possibility to achieve innovation without research
and to conduct research without achieving innovation. The assertion was contrary to the
assumption that when a person or company conducts research, it normally resulted in
innovation. However, entrepreneurs still need knowledge to innovate. This finding
corroborates with Drucker (2007) who pointed out that innovation is a specific tool of an
entrepreneur hence an effective entrepreneur converts a source into a resource.
According to the Government’s economic blue print, ZIMASSET, research was among the key
success factors for socio-economic transformation. Entrepreneurship is the lifeblood of any
economy and one of the important segments of economic growth; hence research and
entrepreneurship should be married. Johnson et al. make the observation that despite the
mushrooming of knowledge, ‘‘the gap between knowledge generation and knowledge use or
application remains problematic’’ (Johnson et al., 1996). The researchers ascertained through
this study, that businesses were interested in working with the research community. The
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Zimbabwe International Research Symposium was one commendable platform for the
promotion of business/research opportunities. Implementation of the findings in this paper will
benefit both researchers and the business community.
Encouragement of SMEs to absorb new and external knowledge for faster innovation is critical.
An example of existing good practice is the Netherlands’ innovation vouchers scheme whose
main objective is to enable SMEs to buy knowledge and strategic consultancy from research
institutions through innovation vouchers. The process stimulated interaction and exchange
between the knowledge generators and SMEs. State aid rules allow supporting such
consultancy with public funds (Europa 2009). Zimbabwe could use the same mechanisms to
promote such knowledge transfer activities e.g. innovation vouchers or R&D tax credits
allowing the reimbursement of R&D outsourced to research institutions. Such initiatives could
be achieved if research is funded to the threshold of at least 1% of GDP through one dedicated
institution such as the RCZ.
Financial challenges of running company R&D departments, could be curbed by utilisation of
Universities and Research Institutions as they were mandated to carry out R&D on a daily
basis. Promoting research institutions - SME interactions should be prioritised. It was observed
that where interactions between research institutions and companies existed; they involved
large firms; shunning SMEs. This is due to the fact that such collaborations were perceived to
be more durable and regular than with SMEs.
Dynamic and effective interaction among various ST&I actors are a must for innovative and
entrepreneurial society (Guchu 2015). Linking SIRDC and IDCZ was an important step in
unlocking value from local innovation efforts and building local capacity (RCZ 2014).
Monitoring knowledge transfer activities has several purposes including helping research
institutions promote what has been achieved for the public good. The need to publish and make
results freely available was viewed as incompatible with keeping information confidential and
protected by intellectual property rights such as patents. On the contrary, experience has shown
that promoting innovation and disseminating new knowledge could be compatible, provided
that intellectual property issues are understood and managed professionally (Utoronto 2007).
It is however important to point out that as the country moves forward, intellectual property
rights were not as significant to the country’s development as the increase in national
knowledge absorptive capacity (RCZ 2014).
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Strengthening of SMES to be viable as tools for poverty eradication is one of the quick wins
under the Value Addition and Beneficiation Cluster in ZimAsset. Value addition requires
research, the same way standards do yet difficult to achieve by a “business as usual” industrial
mind-set. Digital and social media, minus abuse, were to be embraced as useful tools for
innovation and entrepreneurship.
7. CONCLUSION
The major findings of this study revealed that entrepreneurship should not be based on guess
work. The study also concluded that SMEs should understand what is required of their
businesses to improve and that growth and competitiveness are vital components in the global
economy. It could not be overemphasised that knowledge was an integral component to
efficiency and ability to thrive. Research results are a necessity in guiding entrepreneurs to
bring innovations to the marketplace. Successful entrepreneurs utilised research findings to
keep up with trends, make better business decisions and maintain their competitive edge. Even
though innovation could take place without research, demand-driven innovations would
promote growth of the SME sector and boost confidence of consumers. Research should
contribute to socio-economic transformation. Implementation of policies to deal with
inventions and collaborations with industry could lead to a number of benefits for society at
large and, in particular, the local economy. These benefits included new jobs, new products on
the market and better education.
8. RECOMENDATIONS
Businesses big or small should be innovative for survival of their products in the marketplace
and occupation of niche areas within the global economy. Research is a key success factor for
socio-economic transformation. The following are recommendations on bridging the gap
between entrepreneurs and use of research results and how research can be a tool for bringing
innovation to the marketplace:
a. Capacity building of researchers and entrepreneurs to disseminate research findings
and to increase absorptive capacity respectively;
b. Creation of partnerships between knowledge generators and end- users of
knowledge;
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c. The national universities and research institutes need to partner SMEs in funding
R&D through a voucher system;
d. Education of entrepreneurs on necessity of acquiring and embracing new
knowledge; and
e. Dissemination of research findings to entrepreneurs by creation of journals
specifically focused on providing entrepreneurs with new knowledge presented in
a way they can absorb.
9.
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ABSTRACT
The study endeavors to determine how a country’s level of Intellectual Property Rights (IPRs)
protection influences high expectation entrepreneurship. The triangulation of Documentary
Analysis, Key Informant Interviews (KIIs) and Questionnaires was used to answer these
research questions: (i) Does IPRs protection affect the expectations of entrepreneurship level?
(ii) Can a change in IPR protection affect developing and developed countries differently? (iii)
What is the Zimbabwean Government’s position in relation to IPRs protection? Random and
purposive sampling procedures were used. Evidence confirmed that weak IPRs facilitate the
imitation of foreign technologies and stronger IPRs encourage domestic innovative activities.
Innovations in a less developed country increase in its IPRs and a country’s IPRs can depend
on its level of development. Recommendations include the need to be educated on how and
why they should engage IPRs right from the onset in order to encourage innovations. IPRs are
consistent with the Zimbabwe’s Agenda for Socio-Economic Transformation (ZIM-ASSET)
with its employment thrust.
Keywords: Intellectual Property Rights, Entrepreneurship, Globalisation, Appropriation
1.0 INTRODUCTION
This paper was meant to inform policy-makers working to enhance the performance and thus
positive economic impact of innovative Small and Medium Sized Enterprises (SMEs), in
particular by supporting their effective IPR management (WIPO, 2013; ADP, 2013; Diako,
2012; Stam and Stel, 2011 and Frieski, 2011). In this era of globalization and rapid expansion
of the world economy, IPR are crucial to the socio-economic and technical development of any
country beyond doubt. This study focused on the protection of inventions such as patents,
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trademarks, industrial designs, copyrights and physical processes, drawing on academic
literature covering a range of emerging and developed countries and on interviews with
business leaders from innovative SMEs.
Innovation helps individual firms to maintain their competitive edge, contributing to expansion
of capacity and also generating additional capital investments, productivity, technical
advancement, employment and growth (Stam and Stel, 2011 and Hsieh et al., 2012). It is not
enough for a company to create something new and useful. According to the Organisation of
European Corporation Development (2011) the firm must also succeed in appropriating the
value of its innovation. In OECD countries, SMEs represent ninety-nine percent (99%) of all
enterprises and are important drivers of job creation, accounting for two-thirds of employment
(Organisation of European Corporation Development, 2011; Page and Soderbom, 2012; Cravo,
Gourlay and Becker, 2010 and Haltiwenger, Darmun and Miranda, 2010). For instance, In the
United States (US), between 1993 and 2011, companies with less than five hundred employees
created sixty-four percent of all new jobs and more recent data shows an even greater
impact(SBA Office of Advocacy, 2012 and ADP, 2013). SMEs are the backbone of the US
economy and the primary source of jobs for Americans and account for the largest group of US
exporters (WIPO, 2013).
In the United Kingdom (UK) in 2015, “total employment in SMEs was 15.6 million, 60% of
all private sector employment (www.gov.uk). “Small businesses accounted for 99,3% of all
private sector businesses at the start of 2015 and 99.9% were SMEs. In Japan, SMEs in 2013
account for 99.7% of 4.2 million SMEs (www.chusho.mati.go.ip). Japan has put strong
emphasis on SME survival through funding and employment. Malaysia has financing schemes
for SMEs, tax incentives and business accelerator programme. IPR has enhanced business
capacity, capability and performance to be a globally competitive SME (Gupta et al., 2012).
On the same token, Singapore assists SMEs in brand consultancy and specializes in helping
SMEs to build an integrated business, brand and marketing strategy to achieve their goals.
(Mani, 2011).
In a knowledge-based economy, the competitiveness of African SMEs is increasingly based
on ability to provide high-value-added products at a competitive price. IPR and its value in
Africa is often not adequately appreciated. In Tanzania, the existing policy and legal framework
governing SMEs does not have clear cut IP strategic intervention (Economist Intelligence Unit,
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2012). According to Pederzoli, Thoma and Torvicelli, 2013; Leo et al. and Zeng et al)
globalisation and trade liberalization has made it crucial for African SMEs to become
internationally competitive. In South Africa, value adding IP identified easy of transactions due
to diligent core IP assets. In Kenya, IP policies for universities and research organizations
supported the mushrooming of SMEs. This was further expanded by the Science, Technology
and Innovation Policy (Ayyugari, Demuguuc-Kent and Maksimovic, 2012).
In Zimbabwe, it is widely acknowledged that Micro, Small and Medium Enterprises (MSMEs)
are significant contributors to job creation, development and poverty alleviation. According to
(Finmark Trust, 2011) an estimated 5.7 million people work in the MSMEs sector in Zimbabwe
including 2.8 million MSME owners and about 2.9 million employees The 2.8 million MSME
owners own an estimated 3.5 million businesses and they are mainly individual entrepreneurs
without any employees. The sector is driven by agricultural activities (43%), wholesale and
retail (33%). Most businesses are located in the rural areas (66%) and operate mainly from
residential premises (39%) and farms (22%).They are largely informal (85%), that is, they are
not registered or licensed and relatively young as 40% are in the start-up and 31% are in the
growth phase. In total, 71%have been in operation for five years or less. MSMEs must succeed
in appropriating the value of their innovations.
1.2 OBJECTIVES
1) To assess the importance of IPR to the growth of MSME entrepreneurship level.
2) To compare and contrast the effects in changes in IP protection system within MSMEs
in developed and less developed countries.
3) To evaluate the Zimbabwean Government’s legal position in relation to IP protection.
1.3 METHODOLOGY
1.3.1 Research Design
The study was cross-sectional, triangulating of both quantitative and qualitative research
methods. The descriptive survey design was adopted for the study. The survey method gathered
data from a relatively large number of cases at a particular time. It was concerned with
characteristics of individuals as individuals and concerned with the generalized statistics that
result when data was abstracted from a number of individual cases. It was cross-sectional The
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use of Key Informant interviews helped the researcher to gather valid and reliable data that was
relevant to the research and also increased the credibility of the research and to form a
background for the questionnaire design. Through Documentary Analysis, the researcher got a
depth understanding and it was the chance to observe the reactions to the research questions in
an open-ended group setting.
1.3.2 Population and Sampling
The study was carried out in Harare, Chitungwiza and Seke rural area. All the MSMEs owners
were purposively selected and employees were randomly selected in this study. A population
is the total collection of elements about which we wish to make some inferences. The
population for this study included all MSMEs owners and employees in Zimbabwe. However,
to study a whole population to arrive at generalizations would be impracticable, if not
impossible. The target population therefore was drawn from ten MSME owners well as thirty
MSME employees. Such a target population will also have two officials from the Ministry of
Small and Medium Enterprises and Cooperative Development (MSMECD) and two African
Regional Intellectual Property Office (ARIPO) officials. The target population was selected as
they are experts in the Zimbabwean IP protection system and is actors of Zimbabwean MSMEs.
To draw the conclusion about the entire population, some of the elements of the population
were to be selected through the process of sampling. Sampling technique provides a range of
methods that enable to reduce the amount of data that is needed for consideration. In this study,
purposive and random samplings were found to be more appropriate.
1.3.3 Data Collection Methods
The data collection methods used were Key Informant Interviews (KII), Descriptive Surveys
and Documentary Analysis.
1.3.4 Key-Informant Interviews
Ten KIIs, using a KII interview guide, were undertaken. The Key Informants included six
MSME owners, two ARIPO officials and two officials from the MSMECD. The Key
Informants were interviewed because they were well connected and informed MSMEs and IPR
experts. These experts have localized and appropriate first-hand knowledge and insights into
the nature of MSMEs and IPR in Zimbabwe. These Key Informants were also anticipated to
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provide data on how they deal with the impact of IP protection in MSMEs. Furthermore, the
Key-Informants were expected, hopefully, to provide confidential incidences, statistics and
conditions that explain IPR implementation problems in their service delivery including
recommendations pertaining to the significance of IPR to MSMEs in Zimbabwe.
1.3.5 Questionnaire
A Survey, using a questionnaire, was carried out with thirty MSMEs employees. The survey
was undertaken in order to quantify the magnitudes. The questionnaire was be validated by two
experts in the Research Department from the Zimbabwe Open University and University of
Zimbabwe in order to establish the face and content validity in line with the purpose of study.
The corrections and modifications made by the experts on the instrument to ensure validity
were incorporated in the corrected version of the instrument.
For the reliability of the research instrument, a pilot-testing was conducted using MSMEs
owners and employees in Marondera and Domboshawa. The research instrument was finally
administered and collected by the researcher and two trained research assistants on a personal
hand delivery and face to face contact with all the participants.
The responses from the research instrument (questionnaire) were analysed using Statistical
Package for Social Sciences (SPSS) frequency distribution, the mean and standard deviation to
answer research questions.
1.3.6 Documentary Analysis
Documentary analysis was used to find evidence to sustain the common perception of the use
of IPR by SMEs and to identify potential reasons for the lack of use. The review of the literature
was used to find evidence to sustain the common perception of the use of IP by MSMEs and to
identify potential reasons for this lack of use.
1.4 Validity and Reliability
A pilot study was conducted to strengthen the questionnaire. Triangulation of methods of
collecting data enhanced the validity and reliability.
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1.5 Ethical Considerations
The study respected freedom in participation. Participants voluntarily consented to participate
without coercion. There was no deception when informed consent was sought. The study
adhered to research principles pertaining to privacy and confidentiality.
1.6 FINDINGS
1.6.1 Introduction
The aim of this study was to explore the effectiveness of IPR in MSMEs in Zimbabwe. The
investigation looked at the experiences of MSMEs owners, the employees, ARIPO officials
and MSMECD officials in Harare, Chitungwiza and Seke Rural. The researcher conducted ten
KIIs, distributed thirty questionnaires and reviewed literature through documentary analysis.
1.6.2 MSMEs Owners
Ten KIIs interviews were conducted at the respective MSMEs. The appropriators had been in
operation for more than five years thus all had a sound knowledge of IPR and MSMEs.
1.6.3 MSMEs Employees
Of the thirty MSMEs employees given the questionnaires, they all had five or more year’s
experience. All the questionnaires were distributed on their premises where the respondents
were comfortable in their natural settings.
1.6.4 Findings
This study revealed that MSMEs owners seem to have differing perceptions of what IPR
entails. It would seem that the appropriators had a different understanding of the MSMEs –
IPR debate. The lack of a common understanding of the concepts can pose a threat to the
effectiveness of IPR in MSMEs. It is this very situation that leads to the MSMEs and IP
protection working at cross-purposes with each other, yet both claim to work in the interest of
the Zimbabwean populace for socio-economic development.
However, an ARIPO official said that the MSMECD aims to stimulate economic growth, create
wealth and employment opportunities and promote sustainable environmental conservation
practices among MSMEs and Cooperatives, thereby reducing poverty. This is consistent with
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the Zimbabwean Government’s Economic Blueprint, Zimbabwe Agenda for Sustainable
Socio-Economic Transformation (ZIM-ASSET). According to the (Zimbabwe Government,
2013):
ZIM-ASSET is a cluster-based Plan reflecting the strong need to fully exploit the internal
relationship and linkages that exist between the various facets of the economy. These
clusters are as follows:





Food Security and Nutrition
Social Services and Poverty Eradication
Infrastructure and Utilities
Value Addition and Beneficiation.

However, some MSMEs employees feel that, to many, IPR is a rather obscure legal concept
that can only be properly understood and applied by those who are specially trained. The main
findings ARIPO are that Zimbabwean MSMEs are small users of the IP system but larger
companies are more intensive and better users of the IP system. MSMEs tend to have a low
level of awareness of the IP system. They also tend to have trouble making strategic decisions
on how to use their IP and generally doubtful of their ability to enforce their rights if infringed.
One of the ARIPO officials had this to say:
“Quality patents and a strong IP position can help innovative MSMEs signal the value
of their inventions to the market in general and specifically to potential funders and
partners.”
However, some MSME proprietors still maintain that MSMEs are unlikely to invest in creating
a strong IP position unless they are aware of the value of managing their intellectual assets and
the appropriation tools that can be deployed to this end.
One ARIPO official posits that efforts to introduce IPR to MSMEs should typically start with
the assistance of partners. Partnerships can enable MSMEs to leverage their competitive
advantages while filling gaps in expertise and resources. A MSMECD official also argues
saying:
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For MSMEs, collaboration with larger firms is useful as they gain access to
new technologies and helping them to obtain technology advantages in their
competitive environments.
Sound IP management strategies are important to the establishment of partnerships and to
ensuring they benefit all parties involved (Organisation of European Corporation Development,
2011). MSMEs should use collaboration to shorten innovation time, gain complementary
experience and resources, reduce risk and cost and increase the flexibility of their operations.
However, the exchange of knowledge is not without considerable risk as one ARIPO official
postulates. This is particularly true for MSMEs collaborating with parties with significantly
more resources at their disposal and which can more readily commercialise the results of joint
work. IP management strategies can help innovative MSMEs to manage such risks.
1.7 Discussion
The researcher was intrigued by the fact that MSMEs are often close to sources of technological
knowledge such as universities and research centres. Thus, they tend to do particularly well
when innovation depends on being close to science. Life now favours Science, Technology,
Engineering and Mathematics (STEM) since the world is fast surrendering to technology
(Finmark Trust, 2011). In line with ZIM-ASSET, in order address the challenges of
unemployment and related skills of development issues, the Ministry of Higher and Tertiary
Education, Science and Technology Development (MHTESTD) is geared to produce
wholesome teachers with innovative and technological skills appropriate for sustainable
economic empowerment and social transformation consistent with ZIM-ASSET’s employment
thrust.
The study also revealed that IPR has become a focal point for MSMEs the world over. Indeed,
scarcity of resources, together with insufficient non-core expertise, is a key challenge for
innovative MSMEs. These MSMEs often encounter early-stage financial stress and they resort
frequently to the more costly debt markets (Finmark Trust, 2012). Without IPR, there is a strong
risk that investments in research and development (R&D), product differentiation and
marketing will be wasteful. IPR enable MSMEs to have exclusivity over the exploitation of
their innovative products or creative designs and their brands, thus creating an appropriate
incentive for investing in improving their international competitiveness.
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In consistent with previous research (Gupta et al., 2012) in order to be internationally
competitive, MSMEs need to constantly improve their efficiency, reduce production costs and
enhance the reputation of their products by:


Investing in R&D



Acquiring new technology



Improving management practices



Developing creative and appealing designs



Marketing their products and services.

The general attitude is that SMEs may prefer secrecy to patenting since the latter requires
disclosure and also because infringement of a proprietary process is generally hard to spot. A
strategy emphasizing secrecy is reliant upon a type of unregistered IPR trade secret which can
be used in many jurisdictions to protect any valuable, confidential information. Certain
strategies such as product complexity and reliance on lead time advantages can be considered
a form of trade secret protection.
The study further argued that trade secrets are less expensive to use than IPRs that require
registration or other formalities. The firm must invest in efforts to keep the confidential
information secret, for instance, by executing non-disclosure agreements with employees and
vendors, and investing in the security of systems and facilities. The Look East Policy of the
Zimbabwean was applauded as China has made significant progress in SMEs training. China
has invested billions towards vocational training education producing about 80 million people
in its 13 000 vocational centres. Almost 97.5% of the trained are in some form of employment.
Today, China has emerged as an Asian Tiger in terms of economic development (Finmark Trust,
2012).
Trade secrets can be used to protect a wide variety of information for a potentially unlimited
duration as long as the information remains confidential. However, a drawback of reliance on
trade secrets is that, if discovered independently, another entity may use the subject matter of
the trade secret. Thus, this study argues that trade secrets are not the best strategies to protect
inventions that can be readily reverse engineered.
The hybridity strategies of appropriation combine formal, registered IPRs with alternative
appropriation methods, predominantly secrecy. In Zimbabwe, most successful MSMEs blend
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formal and alternative mechanisms. These results refute studies claiming that MSMEs use
fewer formal IPRs solely due to resource constraints and lack of knowledge and ineffective
appropriation (Leo et al., 2010).
To conclude, the push for increasing and improving IPR education in MSMEs is therefore
justified considering the scientific and technological breakthroughs in MSMEs. IP protection
of MSMEs can drive economic vitality in an otherwise stagnant Zimbabwean economy. There
is much more to be done preparing our MSMEs for IPR management or protection especially
at the initial stages or start-up.
1.8 CONCLUSION
The study does conclude that the Zimbabwean IP system in MSMEs is rather ineffective. The
MSMEs are a very heterogeneous group, thus, further considerations on the effectiveness of
the IP system should take into consideration this diversity. Managing of IP is a neglected field
and improvement is important. About a third of the respondents had no real knowledge of it.
The main advantages of having IP include a guarantee of returns of R&D expenses, exclusive
rights and increase in the value of the company.
The main disadvantages are that IP is complicated and time consuming. The costs are also high,
especially patent attorneys and translation. In addition, the experience of enforcement is
negative and IP can prevent ideas from being available to the public. To offset their limited
resources and relative lack of non-core expertise, innovative MSMEs tend to engage in various
forms of cooperation to accelerate growth. In order to attract the right partners, as well as to
extract value from their innovations and partnerships, they must develop adequate IP
management strategies drawing from formal, registered IP protection, alternative strategies
including secrecy and hybrid strategies.
Governments that provide subsidies for innovation can direct funds towards solutions that have
been appropriately protected and managed in accordance with a sound IP strategy. This can
help ensure that funds are wisely invested in those inventions that are best positioned for further
development and commercialization. This study suggests that policy needs to address not only
the general dissemination of ideas but also the specific practice of imitating to improve,
especially dynamic environments.
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The Internet in particular is a highly interactive environment with sequential innovation.
Attempts to impose new IP protections or to extend existing protections on the Internet may be
inappropriate because they fail to consider the value of creative imitation. The growth of
Internet has put pressure on IP protections such as copyrights, patents and industrial designs.
Some forms of information when made accessible on the Internet are easily copied. In addition,
the costs of copying are low and because copying is often anonymous, publishers have often
responded with more aggressive enforcement of existing IPRs. They have also called for
extensions of those IPRs to cover additional content, new media and new forms of access. This
trend toward tighter IPRs is not always appropriate especially on the Internet. The Internet and
World Wide Web (www) possess characteristics that may make such policy inappropriate as
the web is a community that is highly interactive and dynamic.
1.9 RECOMMENDATIONS
Based on the above discussion, this study provides recommendations which the policy planners
may adopt for future intervention.


Government should plan some special policies to improve IPR education like
focusing more on the provision of training for individual entrepreneurs to gain
sound business management skills.



Considering enacting policies that support the provision of insurance for MSMEs
to offset the cost associated with defending their IP positions in litigation which
represents a significant risk for smaller MSMEs.



Tax incentives for R&D activities, acquisition and commercialization of patents,
copyrights, trademarks and licensing.



There is need for operational space as the majority of MSME owners operate
from residential premises due to lack of operations space. There is also the
challenge with the actual cost that is associated with acquiring the space. Hence
there is need for intervention from different stakeholders on how to tackle this
issue with regard to availability and affordability.



Need for marketing and market linkages as many MSME owners identified too
many competitors. There is great need to support MSME owners, for example,
through networking, customer referrals, local business directories local radio,
roadside billboards and internet marketing.
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ABSTRACT
This study examined the impact of promotional Strategies on Entrepreneurial Development.
The objectives of the study were to determine the extent to which promotional strategy will
increase sales growth and to ascertain whether the use of promotional strategy can have a
positive effect on the profitability of the business. Descriptive research design was used through
comprehensive questionnaires and interviews. Respondents were selected using nonprobability sampling that is purposive and convenience techniques. It was found that marketing
strategy such as promotion has a significant impact on the sales growth of any company. It was
also noted that the use of promotional strategy has a positive effect on the overall profitability
of the firm. From these findings, entrepreneurs should engage in more marketing promotions
by making use of the internet, radio, TV, billboards, and ensure their customers are reached
wherever they are. The research confirmed that marketing strategies impacts on entrepreneurial
development.
Key Words: Marketing, Strategy, Advertising, Sales Promotion, Public Relations, Personal
Selling, Direct Marketing
1.0 INTRODUCTION
The government through the Ministry of Medium to Small Scale Enterprises Development
(MSED) has been at the forefront of setting a policy of availing financial packages that are
meant to stimulate entrepreneurship. Entrepreneurship is increasingly recognized as an
important driver of economic growth, productivity, innovation and employment creation, and
it is widely accepted as a key aspect of economic dynamism. Transforming ideas into economic
opportunities is the decisive issue of entrepreneurship. The economic growth of any economy
depends to a large extent on the continuous growth and development of small and medium
scale enterprises, which has been described as the engine of development in any economy. All
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enterprises involved in one form of business or the other are regarded as entrepreneurial firms
that is either the small ones or medium firms or even multinational organizations. This sums
up the fact that the development of the economy is largely dependent on the growth and
development of such country’s entrepreneurial firms.
In the global world of business today, marketing activities have become very competitive and
enterprises are doing just about anything in order to remain relevant and still meet the ever
dynamic needs of their customers. Marketing is of crucial importance for the success or failure
of an enterprise, as its success is ultimately decided in the market, competing for the target
customers. According to Volkmann (2011) the degree of market orientation of an enterprise
may well impact its overall business performance, both in the context of young and small
enterprises and in the process of launching new products.
1.0.1 BACKGROUND OF THE STUDY
In recent times, more firms are coming up day by day and the market is becoming more and
more competitive and dynamic. Enterprises are becoming more dynamic and they are using
different strategies in order to still remain relevant in the market. Just any promotional strategy
cannot be used by any enterprise; each enterprise must discover the appropriate promotional
strategy that best suits its own operations. Without the appropriate promotional strategy, an
enterprise cannot survive in today’s competitive environment.
Enterprises of today are aspiring to achieve sales growth because without constant adequate
sales growth, the enterprise will stagnate and when this occurs, the enterprise won’t be able to
compete favorably in the competitive market of today, [Kotler, 2006]. In our competitive
market, everyone is struggling to improve and satisfy the needs of the customers. An enterprise
cannot survive without constant sales growth. Most enterprises of today are failing because
there is no constant sales growth and that is why promotion has to be taken more seriously.
1.0.2 STATEMENT OF THE PROBLEM
In the advent of many big firms winding up operations in Gweru town, such as Zimbabwe
Alloys Private limited, Zim Glass Pvt Limited and Kariba Batteries Pvt Limited just to mention
a few, many people were left without employment. The majority of them turned into small
business operators, hence stiff competition in entrepreneurial businesses in Gweru. This calls
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for the use of promotional strategies to attract customers if businesses are to survive the
competition and make profits. Gweru entrepreneurs mainly concentrate on shanty industry,
whole sale markets, fruit and vegetable, clothing and footwear, fire hood, sale of old clothes,
flea markets, factory shells and small shops. In light of this background the researcher
examined the impact of promotional strategies on entrepreneurial growth in Gweru, Zimbabwe.
The study helps the generality of entrepreneurs in adopting better promotional strategies for
their businesses to grow.
1.0.3 OBJECTIVES OF THE STUDY


To determine the extent to which promotional strategy will increase sales growth.



To ascertain whether the use of promotional strategy can have a positive effect on the
profitability of the business.

1.2 LITERATURE REVIEW

Entrepreneurship
Hisrich (2005) defined entrepreneurship as the process of creating something new with value
by devoting the necessary time and effort, assuming the accompanying financial, psychic, and
social risks, and receiving the resulting rewards of monetary and personal satisfaction and
independence. Hisrich (2005) further alludes that, economic progress has been significantly
advanced by pragmatic people who are entrepreneurial and innovative, able to exploit
opportunities and willing to take risks. Achumba cited in Akinyele (2010) also supported this
notion, he said for an economy to develop or improve, that economy’s entrepreneurs must
develop as well. It is now widely agreed that the entrepreneur is the prime driver of economic
progress. He further alludes that, they are involved in the production of all the goods and
services, they also help increase the economy’s revenue, they help reduce the rate of
unemployment in the economy and even train and develop the economy manpower in order to
increase productivity. These enterprises operate in different parts of every economy.
Promotion
Promotion basically has to do with making people aware of the existence of the product and
also making people buy more of the product, thereby increasing sales growth, (Porter,
2008).According to Kotler (2006), promotional strategy involves how the company decides on
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the use of marketing communication mix elements such as advertising, sales promotion, public
relations, personal selling and direct marketing so that the company can achieve better.
According to Ibidunni (2010) marketing strategies are used to increase sales, launch new
products and generally provide profit for a company.
Advertising
Advertising is the paid promotion of goods, services, companies and ideas by an identified
sponsor. Marketers see advertising as part of an overall promotional

strategy. Other

components of the promotional mix include publicity, public relations, personal selling and
sales promotion (Anonymous, 2006). Advertising allows a company to tell the benefits of a
product to a potential customer. Advertising can be in a newspaper or magazine, on radio or
TV, a billboard, internet or a variety of other means. Advertising is generally paid for, as
opposed to publicity, which is usually free.
Product differentiation
Product differentiation is the modification of a product to make it more attractive to the target
market. This involves differentiating it from competitors' products as well as the firm’s own
product mix (Bennet, 2006). The changes are usually minor; they can be merely a change in
packaging or may include change in the advertising theme. The objective of a product
differentiation strategy is to develop a position that potential customers will see as unique. If
the target market of a business views the product as different from the competitors', the firm
will have more flexibility in developing its marketing mix. A successful product differentiation
strategy will move the product from competing primarily on price to competing on non-price
factors such as product characteristics, distribution strategy or promotional variables.
Packaging
Packaging is a crucial component of the "marketing mix" for a product. It is the "least expensive
form of advertising" and is of particular importance at the point of sale, as the package is the
manufacturer's last chance to convince the customer to purchase the product (Anonymous,
2006). Packaging plays a central role in promoting the appeal of products to first time users.
The package serves as a strong image identifier among customers. Pride et al (2005) stipulates
that customers expect their goods and services to be packaged and presented conveniently.
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Attractive packaging, before purchase, is an aid to selling. However, after purchasing a product,
the packaging becomes an aspect of service. The customer needs packaging that is suitable for
transporting and storage and that is easy to remove.
1.3 RESEARCH METHODOLOGY
1.3.1 RESEARCH INSTRUMENT
The study was conducted using a descriptive research design, with the use of questionnaires
and interviews. This method was adopted since it gives rise to information, which can be used
to describe in detail the outcome in a way that conforms to the research topic. This method also
helped in understanding the belief, views and opinions of people pertaining to the topic
understudy. Descriptive studies were more formalized and typically structured with clearly
stated investigative questions. The design enabled the researcher to summarize the findings in
an appropriate way for carrying out a holistic, in depth and comprehensive examination of the
impact of promotional strategies on entrepreneurial growth in Gweru, Zimbabwe. In this study,
a case study approach was applied. Saunders et al (2009) say case “study is documented as an
empirical inquiry that investigates a contemporary phenomenon within its real life context,
especially when the boundaries between phenomenon and context are not clearly evident.” The
researcher decided to carry out the research in Gweru because of its accessibility which
provided the researcher with the understanding of the entrepreneurial businesses needed to
make an analysis of the study findings and to make recommendations for further research.
1.3.2 POPULATION AND SAMPLE

The researcher used whole population of registered entrepreneurial enterprises in the local
government of Gweru which comprised of shanty industry, whole sale markets, fruit and
vegetable, clothing and footwear, fire hood, sale of old clothes, flea markets, factory shells and
small shops in Gweru, Zimbabwe. The research targeted 2158 entrepreneurs in Gweru as the
population. A sample of 100 small scale businesses was chosen using non probability sampling
method that is purposive and convenient sampling to eliminate any bias. Ninety respondents
were given questionnaires and ten were the interviewed respondents.as shown on table 1.
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Table 1: Sample classification
Classification

Questionnaire
Respondents
9
9
9
9
9
9
9
9
18
90

Wholesale market
Fruit and Vegetable Vendors
Clothing and Footwear Vendors
Fire hood
Sale of Old Clothes
Flea Markets
Factory shells
Shanty industry
Small shops
Total
Source: Primary Data

Interviewed
Respondents
1
1
1
1
1
1
1
1
2
10

1.4 RESULTS
1.4.1 Entrepreneur’s response on how promotional strategy increase sales growth
The research sought to determine the type of promotional strategies used by the entrepreneurs
in Gweru and whether these had an effect of increasing sales growth. Figure 1 shows the
percentage respondents and their promotional strategies.
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Direct
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Sales Advertising Pubilc
Marketing selling Promotion
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Source: Primary Data
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Figure 1: Promotional Strategies
The study sought to determine the extent to which promotional strategy will increase sales
growth. When questioned on what promotional strategy work best with target customers 65%
of the respondents indicated that they deal directly with their product users .A further 15%
indicated that they use personal selling, 10% used sales promotion while the remaining 5%
were using advertising and public relations.
1.4.2 Entrepreneur’s response on communication platforms
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Source: Primary Data
Figure 2: Communication Platforms used
The study sought to determine how the customers come to know about the entrepreneur’s
business in Gweru City. The respondents were therefore asked to indicate the platforms they
used to communicate about their business. According to the results as presented in figure 2.
The results show that 85% of the respondents indicated that they use word of mouth, whilst
10% use social media, 5% use Bill boards and the non-use television and radio platforms.
1.4.3 Entrepreneur’s response on the use of advertising promotional strategy
Interviewed respondents indicated that promotional strategies have an effect of increasing sales
growth. However in the study word-of-mouth communication was ranked as the most
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important form of product advertising by 93% of the respondents and indirect contact like
radios and television where 7%.
1.4.4 Entrepreneur’s response on how promotional strategy enhances profitability
Promotional strategy saves as a cornerstone of entrepreneurial business’s profitability and sales
growth.
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Source: Primary Data
Figure 3: Promotional strategy
80% of the entrepreneurs supported the idea that promotional strategy results in growth of
entrepreneurial business. The entrepreneurs indicated that proper advertising and public
relations is the key to an increased profitability. 9%t of the respondents views promotional
strategy as leading to unnecessary costs to their businesses because expenditures may over way
benefits. They also indicated that failure to do those marketing activities for the first time might
also cost the business. 11% of the managers were however indifferent, they suggested that
promotional strategy effectiveness depends on the operating business environment and argued
that the current business environment in Zimbabwe is not ideal for the business.
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1.4.5 Discussion of Findings:
The findings of the study imply that entrepreneurs in Gweru rely much on physical contact
methods such as word of mouth to convey information about their products to their customers
rather than non-physical methods such as radio and television or billboards where there is no
direct contact with the customer. This implies that entrepreneurs wait for customers to approach
instead of stimulating demand from their customers. However this seems to be unrealistic
considering the competitive environment and how the customers are dispersed geographically.
From the findings of the study, it is found that promotional strategy has a significant effect on
entrepreneurial development because it helps the enterprise achieve optimum turnover in the
long run. It helps the enterprise to know what the customers want and how to satisfy their
needs. It also makes the customers aware of the existence of the product through promotional
strategies.
Furthermore, it was also discovered in this research study that the use of promotion can help to
increase sales growth of enterprises. Also promotional strategies can have a positive effect on
the profitability of the enterprise involved.
1.5 CONCLUSION AND RECOMMENDATION
The study has shown the effects of promotional strategy on entrepreneurial growth. The results
indicated that there is a significant effect of promotion on the sales growth of an enterprise, and
likewise a significant relationship between the use of promotional strategy and profitability of
an enterprise. Findings of the research implies that policies should be formulated to encourage
enterprises in adopting promotional strategy by creating awareness programs on the benefits of
promotion to enterprises. Also, every entrepreneur should know that no firm can survive
without adequate marketing. The earlier the enterprises start making marketing the central
function of their activities, the better for the enterprise. Yousefi et al (2016) cited Ibidunni
emphasizing that, the workers should be properly informed about marketing and everything it
entails so that they can be making the most of it in their daily operations because marketing
strategies are used to increase sales, launch new products and generally provide profit for a
company.
The paper recommended that entrepreneurs must intensify the application of marketing in
general and promotional strategies because they are agents of change in the business
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environment. A better understanding of dynamics of the marketing-entrepreneurship interface
will enable them to tap more in terms of growth and profiteering.The entrepreneurs should
engage in more advertising by making use of internet, print, radio, television, social media i.e.
WhatsApp to ensure their clients are reached wherever they are. They could improve on their
marketing strategy by making use of effective sales promotion.
Entrepreneurs should endeavor to always check and review their promotional strategy on a
regular basis. They should engage in a realistic strategy that will produce result. They should
be able to understand the need for customer satisfaction and create niche for the product to sell,
hence the need of the consumers should be known before production is done. They should
know what their customers want and make sure that satisfaction is being derived by the
customer.
Entrepreneurs will need to intensify efforts on marketing their products either through open
market sales or consumer contact (one on one sale) to improve sales. They could also make use
of product display, proper packaging and branding. They Entrepreneurs can also make use of
marketing communication agencies so as to integrate and improve their services to their
customers.
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ABSTRACT
Research and Development (R&D) is viewed as a catalyst for socio-economic prosperity.
Leading developed countries allocate more than 1% of Gross Domestic Product (GDP) towards
R&D. Africa, and Zimbabwe in particular still face challenges in harnessing resources to
support R&D. Research in support of the entrepreneurship sector is not spared by the funding
challenge resulting in production of less competitive products and services.

The main

objective of this study is to highlight the benefits of funding public domain research. This paper
presents a comparative analysis of global research funding with a view to inform strategies on
increasing R&D funding for Zimbabwe. A systematic review of local and global trends on
research funding together with analysis of policies was used in gathering data. The study
identified Government as the major funder of public domain research in Zimbabwe. Other
potential funders of research which include the private sector were lagging behind in terms of
research investment. Overall, the level of public funds dedicated for R&D in Zimbabwe was
found to be less than 1% of GDP. The Government should increase expenditure towards R&D
to at least 1% of the Gross Domestic Product (GDP). The Government of Zimbabwe, through
its Second Science, Technology and Innovation Policy of 2012, made a commitment to make
a budgetary allocation of at least 1 % of GDP for expenditure on R&D. The commitment to
fund R&D to at least 1% of GDP is in line with the benchmarks of the African Union Member
States.
Key Words: Public Domain Research, Research and Development, Research Prioritisation,
Gross Domestic Product, Gross Expenditure on Research and Development
1.0 INTRODUCTION
Public research refers to R&D activities performed in institutions that are either publicly owned
or operated or that depend to a large extent on government block funding for their research
activities (Innovation and Policy Platform 2013). Public research plays a key role in innovation
157

systems and socio-economic development. It is the source of new knowledge with potential to
provide solutions, especially in areas of public interest, such as healthcare, energy, social and
environmental challenges, which the private sector is not always motivated to invest in. The
World Bank (2002) noted that the ability of society to produce, adapt, commercialise and use
knowledge is critical for sustained economic growth and improved living standards. Chou
(2002) examined the contribution of research and development, and human capital in the
Australian economy using country-level data during the period 1960-2000. This model shows
that economic growth is the result of local as well as global research and development of new
ideas. The Australian Research Council (2001), provided that the rapid development of R&D,
especially the emergence of modern biotechnology, provides Australia with an unprecedented
opportunity to use its strong position in health and medical research to build knowledge-based
industries that can compete in the global knowledge economy. Commercial exploitation of
research findings benefits the economy through employment growth and national wealth
generation, as well as being an essential step in the delivery of new drugs or health treatments
to the community. Anol (2012) asserts that research also helps to satisfy the intellectual
earnings, improves understanding of social phenomena and economic relationships and
processes.
Globally, there is consensus on the important role played by publicly funded research in socioeconomic development. However, there is still a challenge in harnessing resources for research
in Africa, and Zimbabwe in particular. In Africa, the level of research funding for most
countries including Zimbabwe remains below the 1% of GDP threshold though there have been
some improvements. The position is supported by the World Bank and Elsevier Report (2014)
which asserts that research output in Sub-Saharan Africa has soared over the last 10 years but
still not adequate to fuel the region’s fast-growing economies. The Report revealed that SubSaharan Africa’s contribution to global research output increased from 0.44% in 2003 to 0.72%
in 2012, suggesting a reversal of the trend reported in 2007 that Africa’s contribution to
worldwide research was declining. Focusing on research output and citation impact, the report,
A Decade of Development in Sub-Saharan African Science, Technology, Engineering and
Mathematics Research (2014), also revealed that while research in the region has doubled over
the past 10 years, research in science, technology, engineering and mathematics fields has
lagged behind other subject areas.
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This study examined the global trends in funding of research with a view to recommend
strategies for increasing research funding in the local setting.
2.0 PROBLEM STATEMENT AND JUSTIFICATION
Inadequate funding is one of the acute challenges preventing developing countries in allocating
significant resources towards research for sustained socio-economic transformation. Whilst the
Zimbabwean Government is cognisant of the importance of research, low funding
commitments still characterise the situation such that funds allocated for R&D are still below
the 1% threshold of GDP. The situation is worsened by limited support being provided by the
private sector on research funding. The impact of research particularly in the entrepreneurship
sector is not well documented despite most economies thriving on the entrepreneurship sector.
This paper therefore seeks to address the following specific research questions.
1. How does funding public domain research lead to socio-economic transformation?
2. What are the research funding trends globally?
3. What strategies can be adopted by RCZ to mobilise resources for funding public domain
research?
The literature review exercise was difficult because there is limited data on Gross Expenditure
on Research and Development (GERD) for Zimbabwe. The data on research expenditure can
be collected through national surveys which include R&D surveys.
Public research plays a key role in promoting innovation and development through a number
of ways. Public research contributes to knowledge generation which is a critical factor for
innovation to take place. The knowledge can be in the form of publications and knowledge
embodied in technological inventions and innovations that are subsequently taken up by
innovative business firms. Patenting, licensing and commercialisation of research results
contribute positively to the country’s earnings. In addition to being a source of new knowledge
public research provide solutions, especially in areas of public interest, such as healthcare,
energy, food security and poverty alleviation.
As previously highlighted, very few studies have explored the subject on funding public
domain research in Zimbabwe. This study therefore seeks to close the gap and avail data on
funding of public domain research.
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3.0 OBJECTIVES OF THE STUDY
The general aim of this study is to highlight the benefits of funding public domain research.
The other specific objectives of the research paper are:
1. To present a comparative analysis of global research funding.
2. To qualify R&D as a key success factor of socio-economic transformation.
3. To identify strategies for increasing funding for public domain research.
4.0 METHODOLOGY
A systematic review of local and global trends on research funding dynamics together with
analysis of policies and legal frameworks guiding research funding was used in data gathering.
Collection and review of secondary data sources through desk research and case studies on
both the local and international research landscape was also adopted to collect data for the
study. The sources analysed were for the period 1994-2016 and relevant material was identified
through searching key words on research funding in various databases which include the
National Research Database of Zimbabwe and the Germany Research Funding Database.
The variables explored include funding levels for research in countries such as Argentina, the
Czech Republic, Estonia, Finland, China and Germany. Legal and policy frameworks for
developed and developing countries were also evaluated to gain an appreciation on the major
reasons for fluctuating expenditure on research. Sources of research funding such as
Government, Industry and Philanthropy were searched to determine approaches to be used in
the Zimbabwe situation to mobilise funds for research.
Some of the source documents reviewed for Zimbabwe include the Research Act, the National
Research Priorities, and the Zimbabwe Agenda for Sustainable Socio-Economic
Transformation, R&D Survey Reports, Strategic Plans, and the Study on Capacity Building for
Research Councils as Funding Agencies within the National Science, Technology and
Innovation Systems.
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5.0 RESULTS
5.1 Research and Development Expenditure in Developed Countries
The key findings from the Study indicated that developed countries spend more than 1% of
their GDPs towards R&D. A number of countries in Europe and America have increased their
expenditure on R&D even when their economies were suffering from the global economic
meltdown (OECD 2014). The US, Europe, Asia and the BRICS top the list of highest spenders
on R&D. The United States R&D expenditures stood at $428.2 billion in 2011, an increase of
$20.5 billion over that of 2010 whilst, the estimate of the 2016 U.S. total for R&D was $507.8
billion. China’s R&D, on the other hand, increased its GERD in 2014/15/16 to 3% (300 billion).
China’s Five Year Plan was aimed at achieving 2.2% of GDP by 2015. At current rates of R&D
investment and economic growth, China could surpass the U.S. in total R&D spending by about
2022.

Source: National Science Board (US)
The adoption of National Science Technology and Innovation approaches assisted a number of
countries from the developed world to survive the harsh economic environment which affected
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the global economy during the period 2007-2009. Stimulus R&D packages were introduced in
countries which include Canada and Israel to offset some of the global economic challenges
caused by global the recession. However, despite such contingency efforts, R&D spending
declined in a few countries such as Ireland and Spain in the last five years.
5.2 BRICS efforts in funding research
Another category to reckon in terms of public research funding is the BRICS (Brazil, Russia,
India, China and South Africa). The BRICS have maintained but not increased their GERD.
Brazil did step up its relative spend in the late 1990s, and that improvement has recently begun
slowly to increase again. The BRICS efforts remain well behind the two percent European
Union investment objective. China, on the other hand, has steadily increased its R&D
investment. China’s research investment level is now alongside that of France and the UK, but
with a far bigger drive. South Korea is also investing relatively much more in R&D than
European countries such as Germany.

Figure 1: R&D spending for BRICS (2012) - Adapted from Deepcentre.com5.3 Status of research funding in Africa
At continental level, Tunisia and Morocco spend over 1% and 0.8% of GDP on R&D
respectively. In Sub-Saharan Africa funding for public research is generally less than 1% of
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GDP. South Africa is investing around 0.9% on research funding. South Africa was identified
as the leader of R&D in Sub-Saharan Africa. According to UNESCO (2014), a growing number
of African countries have realised that without investment in research, the continent will remain
on the sidelines of the global economy and will find it difficult to bring an end to extreme
poverty. As a result, there has been significant progress in terms of establishment of research
institutions and development of policies and legal frameworks on research funding. Africa,
although lagging behind, is contributing to the global research and development effort and this
contribution is growing. Countries including South Africa, Kenya, Nigeria, Burkina Faso and
Zimbabwe have adopted laws supporting research in sectors such as agriculture, mining,
biotechnology and Information Communication Technology.
5.4 The research funding scenario in Zimbabwe
In the Zimbabwean situation, the Government supports research by providing research grants
for infrastructure and capacity building. Funding for public domain research is on the increase
though the funding levels are still below 1% of GDP. The Government has put in place the
Innovation and Commercialisation Fund to encourage entrepreneurs and researchers to develop
affordable, simple and locally relevant technologies that can raise living standards. The Fund
is similar to the Australian Government launched Backing Australia’s Ability, a five-year
strategy designed to promote research, development and innovation.
The Government allocates research funds through various channels which include direct
disbursements to R&D departments, institutions and councils. It is against this background that
RCZ funds research in line with the National Research Priorities and other Government policies
such as the ZIMASSET.
Through innovative leadership culminating in collaborations and partnerships, RCZ managed
to complement the Government’s effort to fund research in line with NRPs and ZIMASSET.
Eight research projects under the Ordinary Grant Programme (OGP) were funded during the
period 2012-2015. These projects were identified through Calls for Proposals advertised in
2011, 2012 and 2013. The funded research projects were in policy analysis, agricultural
production, and disease prevention. Funding for the OGP was sourced from the Government.
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RCZ has also funded eleven research projects under its Small Grant Programme which
supported students enrolled for Master’s and Doctorate Degrees as shown in Figure 2.
Small Grants Funded
9

8

Number of Projects

8
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3
2

2
1
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0

0
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Sustainable
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Resource Management

Promoting and
Maintaining Good
Health

National Security of
Zimbabwe

Theme Area

Figure 2: Small Grants Funded by RCZ (2006-2015)
5.5 Sources of Research Funding
The Study also revealed that across the global divide Governments are the top spenders on
public domain research. Governments have committed to fund research to at least 1% of GDP.
The Marsden Fund, for example, was established in 1994 by the New Zealand Government to
support New Zealand research on a competitive basis. The fund is named after Sir Ernest
Marsden, a prominent New Zealand born researcher who inspired physicist Ernest Rutherford
to continue research into the structure of the atom. In 2013, $67.9 million was allocated in
research grants through the Marsden Fund. In a typical year, the Marsden Fund receives
approximately 1000 proposals, and funds around 100 of those. The government delegates the
administration of the programme, including the selection of grantees from among applicants,
to the Royal Society of New Zealand (RSNZ), which was modelled after the Royal Society in
Britain. In this scenario, the RSNZ acts on behalf of the Government-appointed Marsden Fund
Council. Establishment of the Innovation and Commercialisation Fund in Zimbabwe was also
found to be a commitment by Government to fund public research. Disbursement of funds
which are in the form of loans or grants is accessible on a competitive basis. Projects are funded
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to the level of US$20 000 and $1, 5 million is disbursed by the Government on a yearly basis.
Projects focusing on sectors such as agriculture, health, energy, water, mining, indigenous
knowledge systems are prioritised for funding.
5.6 Role of the Private Sector in funding public domain research
The Study also showed that the private sector is interested in funding research with high rate
of return. Although the largest proportion of funding for public research comes from
governmental sources, the private sector is also a source of funding for public research through
contract research and service provision. Many countries have introduced reforms and
incentives in their research funding systems in order to foster excellence, knowledge transfer
and socio-economic innovation driven by players in both the private and public sectors.
6.0 Strategies of Increasing R&D Funding
6.1 Collaborative participation in multidisciplinary international research initiatives
Collaborations and networking within the research fraternity are increasingly becoming
indispensable to studying complex and interrelated problems. Collaborations increase the
impact of organisations to pool talent and resources to address national challenges that no single
organisation can tackle alone. Research is expected to address the large societal challenges
(Gibbons etal. 1994; Ziman, 2000). Similar to what the RCZ is currently doing, the European
Union increasingly collaborates within academic research groups and the private sector as a
strategy to increase research funding.
The international trend is turning towards an interest in the strengths of multidisciplinary
research to address societal challenges. RCZ aims to be at the forefront of forging
multidisciplinary links locally and internationally in a variety of fora where potential new
partners can be found. Working across disciplines and institutions will enable RCZ to join more
projects and thus bring more funding to local researchers. There are already strategic initiatives
by RCZ to source research funding from local partners in the areas of renewable energy and
sustainable waste management.
At the same time, RCZ’s participation and linkages in regional and global initiatives such as
the Science Granting Councils Initiative, the International Council for Science and others have
potential to unlock more funding for local researchers.
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6.2 Prioritising Research and Concentrating Resources
Research prioritisation is another strategy to direct limited research funding towards strategic
or needy areas with potential to improve socio-economic development of the country. To that
effect, RCZ undertook a research prioritisation exercise leading to identification of four broad
National Research Priorities. The thematic areas of the priorities are Social Sciences and
Humanities, Sustainable Environmental and Resource Management, Promoting and
Maintaining Good Health, and National Security of Zimbabwe. The priorities were approved
by Government in 2011 and since then RCZ has been aligning its research funding and
promotion programmes to the National Research Priorities. Research prioritisation facilitates
identification of strategic areas in which the country can harness maximum benefit from
research output.
6.3 Incentives to stimulate funding of research
Research funding can also be increased by Government’s incentives on the private sector. It is
imperative for Governments to stimulate business R&D through tax incentives which may be
in the form of allowances, exemptions, deductions, or tax credits. In the U.S., Federal tax
incentives for qualified business R&D expenditures include the Research & Experimentation
tax credit which provides an incentive to firms to undertake new research that involves
technical risks. Firms are given a credit for expenses related to those new activities against the
taxes they owe (National Science Foundation, 2016). An increasing number of OECD
governments are also offering special fiscal incentives to business to increase spending on
research and development (R&D), largely because R&D and innovation are considered key to
productivity and growth performance.
6.4 Capacity Building and Research Funding
The building of worldwide research and capacity is important to all actors in the global research
system. Understanding the specific context and the diversity of individual research systems,
and how these attributes affect international cooperation, is crucial to effective research and
capacity building across the globe. Research capacity building, especially in developing
countries is a process that involves the development of national systems that can identify the
need for research, commissioning and undertaking research, communicating the results of
research, and ensuring that the research results have an impact at local and policy level.
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Blom (2014) asserts that the impressive improvement in African research funding in the health
sciences could be attributed to persistent capacity building and collaboration efforts with top
global universities on health issues. Top academic institutions providing capacity building
opportunities in health sciences in Sub-Saharan Africa include the universities of Harvard,
Johns Hopkins, Copenhagen, Liverpool and Oxford, and the London School of Hygiene and
Tropical Medicine.
7.0 DISCUSSION
The major findings from the study indicate that research plays a critical role in socio-economic
transformation. Few would dispute that if public money is used to fund research, the benefits
of this research should flow back to the community in some form. A major concern is how best
to ensure that the benefits of publicly funded research are realised. It is not always clear whether
this is best achieved by freely sharing the results of publicly funded research or by
commercialisation of research results, and if commercialisation is preferable, what is the best
way to maximise the gains.
It can be argued that the results of such research should be publicly available because the
research has been supported with public funds. Exclusive control of new technology, such as
through patent protection, may prevent others from freely using it.
However, the public benefits of such research may sometimes be realised more effectively by
attracting investment for commercial development to take research through to the product
stage. In its 2003 report on patenting and licensing by public research organisations, the OECD
Report noted that Governments are increasingly recognising that placing the outputs of publicly
funded research in the public domain is not sufficient to generate social and economic benefits
from research.
The role of the private sector in complementing Government’s effort on funding research
cannot be overemphasised. The private sector can be motivated to fund research in return for
tax incentives. The National Science Board (2012), indicate that the United States stimulates
private sector R&D through tax incentives which include allowances, exemptions, deductions,
or tax credits. The Research and Experimentation tax credit, for example, provides an incentive
to firms to undertake new research that involves technical risks by giving them a credit for
expenses related to those new activities against the taxes they owe.
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Considering that research conducted outside the National Research Priorities is largely funded
by the donor community, the situation results in local intellectual capital benefiting the donors.
As such, RCZ should work to direct research being conducted in Zimbabwe to address relevant
local needs. More research funds in Zimbabwe should therefore be absorbed in areas of national
priority. It is also worth noting that Zimbabwe’s situation is not unique because a bigger
percentage of the Gross Expenditure on Research and Development in Africa is sourced from
external funds. According to statistics published by NEPAD (2010), with the exception of
Nigeria, South Africa and Ghana, figures suggest that Sub-Saharan African countries were still
heavily reliant on foreign funding for R&D activities.
8.0 CONCLUSION
Funding for public domain research remains a key enabler of socio-economic transformation.
The Government of Zimbabwe should be urged to allocate at least 1% of GDP to research
despite the competing priorities and challenges faced by the country. The challenges include
liquidity and low capacity utilisation in the private sector. RCZ should therefore spearhead
innovative approaches to mobilise resources for funding research. There is greater need for
RCZ to continue funding research in line with needs of the country including the needs of
entrepreneurs as critical contributors of socio-economic transformation.
9.0 RECOMMENDATIONS
The following recommendations are being made to ensure that sustained funding of public
domain research.
1. African countries including Zimbabwe should increase their expenditure towards R&D
to at least 1% of GDP. The Government of Zimbabwe, through its Second Science,
Technology and Innovation Policy of 2012, made a commitment to make a budgetary
allocation of at least 1 % of GDP for expenditure on R&D. The commitment to fund
R&D to at least 1% of GDP is in line with the benchmarks of the African Union
Member States.
2. RCZ should continue to engage and coordinate stakeholders in the National Science
Technology and Innovation System including the private to widen the sources of
research funding. The private sector could be encouraged to fund more universities-
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based research since these institutions often have capacity and capability to conduct
research.
3. RCZ should continue to promote research dissemination through its platforms, such as
the NRDZ and Symposia. The ultimate goal will be to promote research uptake by
stakeholders from industry, policy makers, government and other sectors of the
economy.
4. Zimbabwe should conduct regular R&D surveys in order to measure the Gross
Expenditure on Research and Development.
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ABSTRACT
Considerable literature has taunted entrepreneurship as a means to empower people with
disabilities. Government efforts to improve the self-employment prospects of persons with
disabilities are increasing, yet there are still barriers encountered in the entrepreneurial process.
The study sought to explore the barriers experienced by entrepreneurs with a physical disability.
An interpretivist philosophy guided the methodology which assumes that access to reality is
only through social constructions such as language and shared meanings. A multiple case study
involving 20 participants who were purposively selected was used. The qualitative approach
obtained in-depth information through key informant interviews, observations and focus group
discussions. Results revealed that network ties in business circles were weak, sometimes
participants suffered from ill health which limited their capacity to do business, training is not
tailored to their needs, lack of basic business management skills such as strategic planning,
infrastructure was prohibitive and they also faced liquidity constraints. The study recommends
that entrepreneurs with physical disabilities be exposed to environments that will accommodate
each person’s disability.
Key Words: Entrepreneurs, self-employment, impairment, physical, challenges
1. INTRODUCTION
In recent years, changes in the global marketplace have significantly altered the character of
the Zimbabwean workforce. The number of small businesses and their impact on the nation’s
economy is on the rise. Thus, entrepreneurship has seeped into national consciousness as an
alternative to salaried jobs. Many people with disabilities have already created opportunities
for themselves through entrepreneurship. Recent research GEM, 2011, Zahra, Newey and Yong
2014), reveals that there is a growing recognition of the potential opportunities presented by
the social enterprise sector for entrepreneurs with disabilities. Promoting entrepreneurship
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among the physically disabled is a way to achieve faster and better economic integration. This
study sought to highlight the barriers faced by entrepreneurs with physical disabilities. Also,
the study examined the steps to be taken to prevail over the various types of barriers being
faced by physically disabled entrepreneurs.
Zimbabwe acknowledges disability as a phenomenon that cuts across all sectors of society and
which requires support from all sectors. According to the Zimbabwe Population Census Report
of 2012, the total population of Zimbabwe was 13 061 239 (Census Report, 2012). Zimbabwe
has had four censuses since attaining independence in 1980. However, none of the censuses
provided statistics on the prevalence of disability in the country. A disabled survey on Living
Conditions among Persons with Disability by the Ministry of Health and Child Welfare with
support from United Nations Children’s Fund (Unicef) conducted in 2013 in all ten provinces
of Zimbabwe estimated the figure at 900 000 people which is equivalent to 7%. This translates
into one in thirteen Zimbabweans has some form of disability.
Zimbabwe was one of the first countries to come up with a disability specific legislation
through the Disabled Persons Act Chapter 17.01 of 1992 (Government of Zimbabwe 2013).
The Disabled Persons Act is the primary law that addresses disability in Zimbabwe. This Act
provides for the welfare and rehabilitation of people with disabilities. Zimbabwe made great
strides towards recognising the rights of disabled people by ratifying the United Nations
Convention on the Rights of Persons with Disabilities (CRPD). Zimbabwe ratified the CRPD
and its Optional Protocol on 23 September 2013, thereby becoming the 135th state party to
ratify the Convention and its Optional Protocol. In addition, the crafting and enacting of the
new Zimbabwe constitution which came into force in 2013 meant significant advancement
towards expanding disability rights in the country (Constitution of Zimbabwe, 2013). The new
constitution provides in section 22 that the state should develop programmes for the welfare of
persons with physical or mental disabilities, especially work programmes consistent with their
capabilities and acceptable to them or their legal representatives (Constitution of Zimbabwe,
2013). The new constitution specifically provides for disability as a prohibited ground of
discrimination. This therefore means that all the forms of disability have been included in the
new constitution by the use of the term “disability” without an attempt to enumerate the forms
of disabilities (Government of Zimbabwe, 2013). People with physical disabilities (PWPD) in
Zimbabwe represent a critical segment. Like in most developing countries, PWPD in
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Zimbabwe are a marginalised population and face problems as a result of their disability. The
Department of Social Welfare is mandated to look after disability issues. It is tasked with the
provision of disability grants to people with disabilities (PWDs)
Studies by Viriri and Makurumidze, (2014) have revealed that Zimbabwe has a large population
of people with disabilities including people with physical disabilities who have shown great
interest in entrepreneurship by engaging in owning, managing and running business entities.
Shumba (2013) did a quantitative study on Disabilities and Entrepreneurship in Makonde Rural
Community, Zimbabwe. The study found that PWD were not having access to entrepreneurship
education; found it difficult to negotiate against stringent entrepreneurial policies in the country
and were being shunned by entrepreneurs with disabilities. Viriri and Makurumidze (2014) also
did a mixed method study on the Engagement of disabled people in Entrepreneurship
Programmes in Zimbabwe. The results showed that PWD were the most marginalised, socially
excluded and poorest groups in Zimbabwean society. The previous studies focused on people
with various disabilities in a rural community and the other in the whole of Zimbabwe using a
mixed method approach. The present study is a qualitative study which is delimited to people
with physical disabilities in Harare City, Zimbabwe. It is argued that entrepreneurship should
be a realistic option for all in society yet this is clearly not the case at present. People with
physical disabilities find it difficult to actively participate and integrate in economic
development programmes due to social, cultural and environmental barriers. The study
critically examines the barriers faced by entrepreneurs with physical disabilities in Harare City,
Zimbabwe.
Entrepreneurship and self-employment are often used interchangeably in the disability context.
According to the U.S. Internal Revenue Service (2014), self-employment is the act of
generating one’s own income through a business as opposed to being an employee in a
business. Any business is considered self-employed if he/she is running a business. Therefore,
in this study self-employment refers to creating a job for an individual with the goal of
becoming financially self-sufficient. It is meant as an alternative to salaried or wage
employment. Entrepreneurship is meant to create a business that is profit and growth-oriented.
However, for the purpose of this study entrepreneurship is defined as the ability and willingness
to start or develop, organise and manage a business venture with self-risk in order to make
profit. Various models have been formulated in an effort to put disability issues in a framework.
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In this study the economic model is adopted. The economic model supports mainstreaming
people with disabilities into the economy. It argues that lack of participation in the economy
makes PWD dependent on the able bodied (Mtetwa, 2012).
Research has documented that in addition to facing the general challenges to business start-ups
that all entrepreneurs face, entrepreneur with physical disabilities (EWPD) were likely to lack
confidence (Enabled4Enterprise, 2008; EMDA, 2009), lack business knowledge and
appropriate business support services, (EMDA, 2009) and consumer discrimination (Jones and
Latreille, 2011). It is argued that entrepreneurship should be a realist option for all in society
yet this is clearly not the case at present. People with physical disabilities find it difficult to
actively participate and integrate in economic development programmes due to social, cultural
and environmental barriers. The study critically examines the barriers faced by entrepreneurs
with physical disabilities in Harare City, Zimbabwe.
2. OBJECTIVES
The purpose of this study was to:
1. Establish the major barriers that limit persons with physical disabilities to actively
participate in entrepreneur activities.
2. Explore the extent to which these barriers affect disabled persons in their business plans
and activities.
3. Ascertain the policy tools available to help those with disabilities become more
entrepreneurial.
3. METHODOLOGY
This study sought to build a holistic picture of one segment of society, physically disabled with
a focus on entrepreneurship. The context of the current study is a complex one as it involves
two variables, entrepreneurship and disability and the interpretive perspective is deemed
appropriate. According to Garten, Johnson and Buko (2013), interpretive paradigm centres on
the individual life experiences and their meaning .Qualitative research is conducted with
individuals when their voices need to be heard and individuals are stimulated to share their
stories (Creswell, 2007). Similarly, Atkins (2013) explored the lived experience of deaf
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entrepreneurs and argued that in phenomenological research data is collected from individuals
who have experience of a specific phenomenon.
A qualitative approach is adopted using case studies to profile the entrepreneurs with physical
disabilities. According to Robson (2011), case studies are used as a strategy for doing research
involving an empirical investigation of phenomena in a real life context using multiple sources
of evidence. In the context of the current research this approach will contribute to a greater
understanding and insight into the lived experience of PWPD and entrepreneurship and the
unique and diverse range of barriers encountered. The study targeted the population of persons
with physical disabilities who run businesses in Harare municipality. The respondents were 10
adult male and 10 adult female entrepreneurs with physical disabilities.
Harare is the capital city of Zimbabwe. It has an estimated population of 13 million (ZIMSTAT,
2012). Harare was purposively selected because of its diversity in terms of economic activities.
Purposive sampling was used in identifying the participants with physical disabilities since
their population was less and not well established. Data was collected using interviews as the
main data collection instrument, observation and focus group methods were also used. This
study employed participant observation of each of the participants over a one day period which
revealed the minute details of their everyday lived experience. The respondents were visited at
their respective sites, interviewed and observed directly. The interview was used to yield rich
insights into individuals’ experience, opinions, values and attitudes on one to one basis or as a
group through focus group discussions (May 2011). The issues explored in the interviews
included challenges in establishing a business, the type of support experienced by the business
from government or other agencies, the barriers in accessing finance and other critical
resources at start-up faced by the entrepreneurs, future growth intentions and why they took
the self-employment route. The interviews enabled the interviewers to observe the non-verbal
cues hence they could ask for adequate explanations to be made to issues that were not clear.
The interviews were audio recorded, transcribed and then analysed and interpreted by the
researcher. A thematic coding approach was adopted for the study as this was deemed as a
straightforward general approach to data analysis (Robson 2011). The resulting cases were
followed up with three focus group discussions with entrepreneurs themselves. As the sample
is limited in size it is recognised that their experiences may not be representative of all disabled
entrepreneurs in other cities or towns in Zimbabwe. However the case study analysis provides
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new insight and knowledge into the lived experience of entrepreneurs with physical disabilities
in Harare. For the purpose of this study content validity was used. The content validity of the
research instruments, that is, the interview guides were piloted to improve the clarity of the
questions, format and instructions.
4. RESULTS
The study noted that establishing a new business is loaded with difficulties, whether one is
disabled or non-.disabled. However, although many of the barriers to self-employment are
faced by both disabled and non-disabled alike, they seem to be more acute or impeding to
people with physical disabilities. Interviews revealed that aspiring disabled entrepreneurs often
lack the self- belief that they can start and operate a business successfully, particularly among
those with mental health issues. People with disabilities had difficulties identifying a business
opportunity, developing this idea and engaging with the available support infrastructure in a
meaningful way, which contributed to low levels of confidence related to business start-up
(Enabled 4 Enterprise, 2008). The study noted that both informal (family and friends) and
formal sources of business support providers might act in ways that undermine would be
entrepreneurs’ self- confidence and discourage start-up. Fear of failure was clearly identified
by participants.
I am afraid all my friends and some relatives will laugh and label me. I will be a laughing
stock. The study noted that females lack self-confidence which came from within them.
When I started I had to overcome my personal fear of failure. Now I help others overcome
theirs. These were sentiments expressed by two female entrepreneurs with disabilities.
An entrepreneur’s self-belief helps in identifying and developing the business opportunity.
PWPD often experience exclusion and rejection. The accrual of such repeated depressing
experience creates incapacities like the lack of self-belief and the courage to bear the stigma
associated with business failure.
Despite all the legislative efforts from government, the study noted that many barriers still
existed which actively discouraged participation by PWPD in business. The operating
environment has not been user friendly as most of the premises are rented. There has been no
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special hand offered by government to establish permanent bases for people with disabilities
to operate from. One successful disabled male entrepreneur had this to say:
There has not been any assistance to talk of. I forwarded my application to the local authority
but it’s been five years now and nothing has materialised.
The entrepreneur wanted a piece of land to build his business. The entrepreneur had the money
for start-up but no space.
Other barriers noted by the study were the constructions and building environments and
transport system in Harare. These pose many difficulties in physically accessing public
buildings, roads and other infrastructure to persons with physical disabilities. PWPD’s
movements were restricted by the architectural designs of the buildings where their businesses
were located, especially the participants who used mobility devices such as wheel chairs. The
visits to business sites of entrepreneurs with disabilities showed that the majority of these
entrepreneurs operate their businesses under adverse conditions. Not only do they encounter
difficulties in finding working premises, markets for their products and access to finance, but
they also had problems accessing some of the buildings.
Many of the disabled men and women talked to in the study had ideas of starting businesses
but without capital to buy tools and other necessary equipment to start up a business they were
left only with the dream. Several times the researchers asked about micro-finance loans but
were told that disabled applicants could not get such loans because they were not thought to be
able to pay back. In addition disabled people reported a lack of understanding and
discrimination on the part of financial institutions, business advisers and the employment
agencies, interaction with the welfare system and accessing appropriate training and advice.
Liquidity constraints, that is, the limits on the amount an entrepreneur can borrow usually
inhibits both the creation and growth of businesses. Respondents shared that they also did not
have bank accounts which made it difficult to transact. An entrepreneur had this to say,
I have been operating this business for the past three years and I am still a sole trader. I had
not intended to be a sole trader this long but I have failed to get additional funding.
Furthermore, the current study revealed that many PWPD lack sufficient proficiency in
financial literacy and do not take responsibility for their own finances and financial planning.
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Some respondents acknowledged their lack of familiarity with financial literacy but did not
indicate how they would tackle the skills gap. Both financial literacy and business acumen
feature in the literature. Also, a major barrier noted by the study was that many of the
entrepreneurs with disabilities lacked awareness of the importance of strategic planning or even
the significance of developing a business plan and demonstrating the viability of the concept
of their respective business model.
Study participants lamented the persistence of prejudice and discrimination about the disabled
in society. Whilst there are written laws portraying the positive aspects of disability and
focusing on the contributions that those with a disability can make, the study noted that attitudes
are ingrained and can be slow to change. One respondent had this to say:
People ignore me or talk over my head when I am explaining about my business activities.
Discrimination is still present and this factor is shared with other entrepreneurs. Shier et al.
(2009) argue that discrimination and prejudice represent the negation of human capital where
it had been developed through educational attainment and previous labour market participation.
Another PWPD had this to add:
I have problems with fellow business colleagues who are not disabled who tell customers to
ignore me as they claim my services are inferior.
One of the strongest messages coming from the respondents and focus group discussions was
how inadequate and inappropriate the advice system is. Small business advisors are seen as
invariably lacking experience in new venture creation and are therefore unable to respond
usefully to the particular and immediate problems new and disabled entrepreneurs want help
with. The nature of their role is skewed and inappropriate as it is geared in giving advice instead
of coaching. Support networks are critical for entrepreneurs and effectively tapping into social
capital is a vital component of entrepreneurial success. In the cases presented in this study some
of the respondents had a vast range of social capital which was harnessed by them in varying
degrees.
Like I have said before, the support that I received from my brothers who are in the diaspora
has been tremendous
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This is very significant as it counters any suggestion that those with a disability are isolated
and low in social capital. Entrepreneurs need social networks which can help them find
opportunities and ease preferential access to specific markets or niches. It is important to have
entrepreneurship training specially tailored to people with disabilities because they can face
different barriers when trying to start a business. This training should include mentorship and
business knowledge. One PWPD had this to add,
If you want to be a successful entrepreneur, take an interest in everyone you meet, don’t just
talk to those who you think may be able to help you”.
“I have had to work harder than non-disabled people to prove myself in the business. The
perception out there is that if is disabled, then one is incapable in many ways, I had to prove
that these were all stereotypes and not true”
When you approach none disabled people for help in starting a business like dressmaking, we
are regarded as a nuisance and should seek help from the department of social welfare.
PWPD who are starting businesses are significantly less likely to achieve sales revenue for
their business, and are somewhat less likely to acquire external funding than those without
disabilities. In other words, PWPD are at a disadvantage when it comes to successfully starting
a business. The study also noted that, sometimes people with physical disabilities need to attend
hospital appointments because they suffer from on-going poor health or periods of illness
which limits their capacity at running their own business ventures.
5. DISCUSSION
Mixed feelings also emerged in regard to fear of failure by people with disabilities not engaged
in entrepreneurship. Two PWPD clearly articulated that it was not fear of failure that would
prevent them rather entrepreneurship would represent a huge gamble that if unsuccessful could
leave them destitute. Fear of failure is supported by GEM (2012) and OECD (2013) as an
impediment to business start-up and can stymie new business creation if the sanctions are
deemed too severe for the individual to bear. Poverty is also a big problem that makes it more
difficult for people with disabilities to start and run businesses. It is important to reduce poverty
for PWD so that they can start these unique businesses (Renko, Parker & Caldwell, 2015).
However, the study results revealed that the majority of disabled entrepreneurs are socially
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excluded, stigmatised and marginalised and consequently their network ties and cohesion in
business circles are weak and frail.
PWPD often lack specialist business management, legal and financial skills and knowledge
due to limited relevant education and employment experience (Enabled 4 Enterprise, 2008).
According to Viriri and Makurumidze (2014) education is the one area that champions the
principle of inclusivity, integration and mainstreaming. Furthermore, the training and
educational services seem very important in market development (Magumbate and
Chamunogwa, 2013). People with disabilities need training in terms of business plan
preparation, strategic planning, decision making, negotiation, pricing, market penetration,
management of the workforce and handling of cash-flow among other issues. Yet, as Mauchi
et al (2014) point out, these services need to be accessible if they are to grow and expand their
businesses and in the process create jobs and income for themselves and others.
The study noted that management and specific business skills challenge EWPD considerably.
In particular this became more apparent as the business grew and employees increased as stated
by one respondent:
I am a creative person; I am not a management person. I just trust I am doing the right thing
and picking the right people to work for me.
According to Gibb (2007), entrepreneurs need to demonstrate a wide range of entrepreneurial
skills. The interviews revealed that this was evident amongst respondents and is seen as a
barrier to entrepreneurship amongst respondents. This concurs with the literature (OECD
2013), Shinnar et al. (2012) and Jain et al. (2013). Shoebridge et al. (2012) argue that equally
critical for business success is business planning and advice. In the current study business
planning, management skills, financial literacy and technology skills were deficient. Research
by Ram et al. (2008), reveal that amongst entrepreneurs lack of access to substantial financial
resources (financial capital), deficiencies of human capital, educational qualifications and lack
of prior experience relegate most fledging firms to the owner end of the opportunity structures.
In the study, the lack of awareness of the importance of specific business and management
skills was striking and suggests further targeted supports are required tailored to individual
needs. The respondents displayed a low rate of engagement with technology.
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A central key to start-ups is a good quality business plan. According to Tribby (2013), writing
a business plan forces potential entrepreneurs to focus on the important and essential elements
of their business. Entrepreneurs need to think through the next steps and specific strategies and
tactics and they are forced to learn the facts of the business. For example, the potential market,
the product or service, the financing and the organisation and management structure of the
proposed business. Planning these aspects help the entrepreneur in determining the feasibility
and implementation of the business idea. A quality business plan is also required for any
investor to consider financing the venture.
Many are excluded from business trainings or sometimes they are constrained by accessibility
issues such as lack of ramps, accessing credit or business development services. Furthermore,
accessing doors to offices becomes a challenge as handles are too high making it difficult for
PWPD to manoeuvre with ease. Some need to hire assistants to help them undertake tasks that
many people without disabilities may-be able to do on their own such as removing
merchandise, which increases their labour costs and puts them at a competitive disadvantaged
(Kitching, 2014). Others have to crawl into public toilets which are usually dirty and not
friendly to their situations. In addition PWPD shared that they have transport problems getting
to their sites. Public transport services in Zimbabwe are not accessible to people with physical
disabilities. Buses and commuter omnibuses deny people with physical disabilities especially
those in wheelchairs access. Buses do not have wheelchair ramps, are not adjustable to make
them accessible so it takes time to get into the bus. As a result drivers shun them.
People with physical disabilities often experience difficulties financing new start-ups due to
limited personal financial resources (savings, home ownership) which are partly due to poor
education and the concentration of disabled employees in low paid occupations, discrimination
on the part of banks, lack of accessible information on sources of grants and loans (Foster
2010). PWPD may not be able to access the capital needed to start a business because they
lack satisfactory credit or assets to use as collateral for a loan. In addition, the study also noted
that most people with disabilities cannot afford to register their businesses lawfully because of
local authorities’ stringent regulations (Viriri and Makurumidze 2014). Also, they may not
have the information and resources they need to develop an effective business plan. According
to Handicap International PWD constituted less than 0, 5% of the clients of microfinance
services in developing countries like Zimbabwe. This is because PWPD are considered to be
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less productive and hence less capable of paying back. However, despite the above challenges
three of the entrepreneurs with physical disabilities were running viable enterprises and they
attributed the root of their success to a determination to prove they were not stupid or useless.
As one respondent pointed out:
I felt the need for achievement. I had to show people and my family that although physically
handicapped my mind and thinking was not handicapped.
People in the community have called it an emptiness, a frustration or I always felt that I could
do something more than I was doing. After my car accident I was frustrated and knew that I
had some capacity since I had worked in the food industry, so I decided to go with what I
already knew.
This clearly emphasises the motivations which commonly spur on entrepreneurs to challenge
the status quo. In the literature (Marumoagae, 2012) suggests that in fact EWPD may be forced
into entrepreneurship by a paucity of alternatives and certainly in the current hostile economic
environment this may be the case. This is also confirmed by Jones et al. (2012). Mixed
motivations reflect the reality for most entrepreneurs (Jones et. al. 2012). The respondents in
the current research entered into entrepreneurship not by choice but for economic survival.
Shoebridge et. al. (2012) and Benzing et. al. (2009) points out that a desire to make profit
emerges as a strong incentive for many entrepreneurs. Harris (2013) and the present study
support the assertion that many PWPD lack sufficient proficiency in financial literacy and do
not take responsibility for their own finances and financial planning. According to Harris
(2013), many entrepreneurs with disability do not manage their own finance and have limited
financial knowledge. This raises the issue that more support on financial skills tailored to the
type of business people with disabilities are likely to engage in would be beneficial.
This study revealed that PWPD themselves provided the funds for the business start-up. Two
respondents stressed that they were helped to set up business by relatives who are in the
diaspora. Viriri and Makurumidze (2014) state that PWPD may face more constraints in
collecting funds for business due to reasons such as their stereotypes, poor education, lower
employment rates, lack of accessible information on sources of grants and discrimination on
the part of banks and other financing agencies (Foster 2010). Human and financial capital is
key input factors for the start-up success and growth of businesses. The disabled entrepreneur
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must have both technical and managerial skills but also needs the financial capital to finance
start-up costs, necessary investments in equipment and so on. For example, opportunities such
as bidding for government or private contracts usually done manually or online may not be
accessible to a disabled person with the limited technological knowledge they have (Tickle,
2015). Foster, (2010) and Choto, (2014) emphasised access to capital and lack of customers as
the two major barriers to entrepreneurship by persons with physical disabilities.
I have been operating this business for the past three years and I am still a sole trader. I had
not intended to be a sole trader this long but have failed to access capital because I have no
collateral. The one time I went to the banks to apply for a loan, the person therein advised me
to visit the social welfare to be helped instead of working for myself.
The above quotations demonstrate clearly that even amongst business people prejudice and
discrimination endure and this may prove problematic to less resilient and confident PWPDs
with entrepreneurial aspirations. Entrepreneurs experience market prejudices which may be
due to their gender, age and religion. In addition to the above prejudices there is also a reduced
demand for goods and services produced by disabled entrepreneurs as compared to other
entrepreneurs (Jones and Latreille 2011). Self-employment can be deterred by customer
discrimination, reducing the demand for goods and services produced as well as the rewards to
self-employment (Jones and Latrelle, 2011). The ability to operate a business successfully
despite their experiences indicates the presence of perseverance and determination to succeed
amongst the profiled entrepreneurs with disabilities.
In the discourse of entrepreneurship and disability the study noted that the career choice and
future course of actions of an entrepreneur are influenced by others. If the person is of the same
social group then the chances of being influenced increases. The lack of role models for the
disabled entrepreneur also acts as an additional barrier (Uromi et al 2015). Billore et al. (2010)
argues that prejudice and misconceptions can be linked to cultural values and attitudes towards
disability and the social legitimacy. Often lack of such support discourages disabled
entrepreneur (Foster, 2010). The findings showed that sometimes this was further compounded
by the unsupportive role of family and friends who often discourage start-up especially for
those with mental health challenges.
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5. CONCLUSIONS
The study has noted that the entrepreneurial spark is present in many people with physical
disabilities but it needs to be nurtured rather than quashed by lack of understanding of their
particular needs. This study points to a group of hidden innovators who need to be included in
the economic agenda. The research uncovers and documents the narratives of PWPD which
has been a missing element in the entrepreneurial landscape to date in Harare Metropolitan city.
Economic inactivity places them at greater risk of poverty, social isolation and exclusion. The
typical barriers and impediments with self-employment have been revealed as network ties in
business circle which are weak, sometimes suffering from ill health which limited their capacity
to do business. Lack of motivation, training not tailored to their needs, lack of basic business
management skills such as strategic planning, infrastructure which is prohibitive and they faced
liquidity constraints.
6. RECOMMENDATIONS


The physically challenged entrepreneurs need to be exposed to environments that will
accommodate each person’s disability.



Training initiatives that encourage those with disabilities to gain new venture creation
skills are essential. They need to get involved in skilful activities which will help in
making their businesses grow into bigger enterprises thus achieve entrepreneurial
success.



Networking groups need to allow potential entrepreneurs with a disability to meet
successful entrepreneurs, (role models) like themselves who are inspirational and
informative in giving relevant advice.



Building, physical planning and transport laws need amendments so that people with
physical impairments are not disadvantaged when attending to their business ventures.



A vibrant body should be available with competent people to steer the PWPD concerns.



PWPD should be integrated with those with ability so as to reduce the inferiority and
give the right attitude and do business with them as this reduces segregation.
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ABSTRACT
This paper provides an overview of the National Research Priorities (NRPs) of Zimbabwe for
the period 2010 to 2016. The (NRPs) were approved in 2011 by the Zimbabwean Government
following their formulation which was facilitated by the Research Council of Zimbabwe (RCZ)
in 2010. The four NRP thematic areas were identified to guide investment of the limited
research resources for socio-economic development of Zimbabwe. The thematic areas are
Social Sciences and Humanities, Sustainable Environmental and Resource Management,
Promoting and Maintaining Good Health, and National Security of Zimbabwe. The exercise,
carried out at national level for the first time in Zimbabwe, included extensive desk research
and use of the Analytical Hierarchy Prioritisation (AHP) tool plus stakeholder engagement.
The paper presents the benefits that include the development of NRP based funding framework.
Research prioritisation in the region and the world is discussed. The paper recommends the
continued adoption of the NRPs across all sectors of the economy.
Key Words: research prioritisation, theme areas, financial resources, national research agenda,
research funding, science and technology
INTRODUCTION
Research prioritisation is a process of identifying research and development areas whose results
can be of immense socio-economic benefit to a country. This comes about in trying to address
key challenges and national strategic issues within a country (Andrews J, 2013). Key
challenges include major economic, social and environmental issues that confront a country.
The purpose of research prioritisation is to make the most efficient use of limited resources in
order to meet organisational, national, international objectives and ensure that service users and
the wider economy benefit from research efforts (IHRF, 2015). Research prioritisation must be
conducted in a fair and transparent way, irrespective of the number of topics/research areas
received or their origin (EMPIR, 2016). According to Anstee et al, 2011, the purpose of
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prioritisation is to evidence gaps in research in present-day, using a novel approach, with the
potential to aid prioritisation in future research. Despite the resource limitation research is
pertinent to solving global problems (Tomlinson et al, 2011).
As such, frameworks and relevant tools are required to identify key areas to focus research
investments. A countries research administration system that enables the focusing of resourcing
cannot be complete without national research priorities to guide research investment; these
priorities can also feed into regional and international research frameworks (AHPSR/WHO,
2007). Research prioritisation enables a country to carryout research that responds to its needs,
instead of carrying out research that address the goals of donors. An important outcome of the
prioritisation exercise anywhere in the world is the appropriate targeting of research funds to
the defined priority areas and in the longer-term outcomes, would include better-focused
research into areas where new tools and methods have been developed from public and private
sector funding of research (DISCONTOOLS Project, 2012).
Approaches to prioritisation differ according to context. The matrix approach utilises existing
published and unpublished research to inform on research gaps and priorities (Anstee et al,
2011). However, important questions/issues raised about the matrix approached included:
Should gaps in research necessarily translate to priorities? Is there a next step in this approach
to test out these gaps with a community of interest for feedback? And, how are
issues/limitations of quality assurance of the included studies addressed. When setting
priorities, the approach or methodology used should have a criterion that is explicit, measurable
and objective while allowing the priority-setting process to be transparent, open to discussion
and revision. The end result should provide a list of specific priority areas rather than groups
of generalised themes (DISCONTOOLS Project, 2012).
Another approach is the consultative process that gathers and develops priorities through
stakeholder consultations, these consultations are supposed to be inclusive. Regardless of the
approached used when setting research priorities, the authenticity (legitimacy) of who
establishes and participate in national research priorities formulation is important. There should
be rules for groups, organisations or people given the task of setting priorities, these rules
should allow for fairness of the decision-making process (Daniels N, 1997). As such research
prioritisation decisions, should made at the country level (Tomlison, et al 2011). Martin (2008),
states that the guiding principles in the prioritisation process should be one of inclusivity and
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fairness in order to ensure as wide participation as possible. For a prioritisation exercise to be
legitimate and fair an inclusive communication strategy is required that maps the context,
identify target audiences, reveal the initiative and be explicit about the process. The processes
should be protected from academic, political, economic and environmental influence; ideally
the process should also include a mechanism that reduces hostility and avoids ‘winners and
losers’ (Tomlinson, et al 2011).
RCZ Mandate
In Zimbabwe, part of the mandate of the RCZ as stated in the Research Act [Chapter10:22] is
to review areas of research being carried out in the country; to indicate other areas of research
of national interest which could be usefully investigated and to suggest suitable lines of
research within such areas, together with the responsibility for this research. Clause16(1)(h)(ii)
requires RCZ to make recommendations to the Minister in relation to the needs of Zimbabwe
and the priorities to be observed in the allocation of funds and other resources for the purposes
of meeting such needs.
PROBLEM STATEMENT
Since research administration is now a field of study, limited documentation is available on the
science and technology tools used in Zimbabwean Research systems. This is a programmatic
research paper that seeks to build the knowledge base about research prioritisation in
Zimbabwe and the benefits thereof.
OBJECTIVES
The main objective of the paper was to build the knowledge base about Zimbabwean research
prioritisation exercise. The specific objectives were:
1. To present an overview of the research prioritisation process in Zimbabwe.
2. To highlight the benefits of research prioritisation for Zimbabwe, and
3. To recommend ways for improved adoption of research priorities.
METHODOLOGY
A qualitative approach was used to gather and analyse data on research prioritisation from
various parts of the world to enable comparative analysis of the Zimbabwean prioritisation
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exercise. This included a literature search conducted on Google for peer- reviewed literature
and other publications that discussed practices in setting up research priorities. A literature
review on research prioritisation carried out in Australia, Germany, China, Zambia and
Tanzania among other was done. Documents on, health research priority setting exercises from
around the world were reviewed; documents describing these exercises were identified through
Google search. Finally, a review of the documentation for the Research Prioritisation Exercise
carried out in Zimbabwe was carried out, this included reports and concepts notes from the
Research Prioritisation Consultative workshop and the Research Prioritisation Feedback
workshop.
RESULTS
Global Examples
The RCZ led the process of identifying national research priorities by first agreeing at Board
level on the process to be followed and then implemented the agreed process. The process of
identifying national research priorities began with a preliminary desk research of processes
carried out in other countries. The countries included in the survey were Australia, Germany,
China and the United States of America, among others. Ideally, the study of other countries
should have involved visits to the respective countries. However, due to limited financial
resources this was not done. Combination of the desk study results and an in-depth analysis of
Zimbabwe’s national policies and plans resulted in the baseline for development of the NRPs.
Australia
To carry out the national prioritisation study the Australian Science Technology and
Engineering Council (ASTEC) used an interactive process of identifying, testing and retesting
ideas through extensive consultations with experts in Science and Technology (S&T) and
stakeholders, often in partnership with other organisations (ASTEC 2010). A feature of the
study was its involvement of many thousands of people with a broad base of information and
opinions.
Germany
Germany decided to create national technology platforms in specific sectors of research, each
with its own priorities. Priorities are set through expert workshops, questionnaires and direct
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interviews with experts. From the gathered information, a position paper is drafted outlining
the research and development (R&D) topics. Public consultations involving a broader expert
audience are also being implemented, using web based questionnaires and feedback forms.
Results from this process are documented and communicated to the funding agencies and
decision makers in politics. In the end, they create calls for research proposals. In order to see
if the target set by the prioritisation process is met in the short term, Germany looks at the calls
and sees how they relate to the various research priorities, medium term assessments involve
evaluating the funded projects to see if they really reach the target. The weakness of the system
is that the Experts themselves set the research agenda and have economic and research interests
in promoting their own subject. It is recommended that setting priorities starts with a small
group of experts not involving industrial interests then this should be followed up by open
consultation.
China
In China, the prioritisation process was done by the State Council which not only listens to the
science community, but also to various think tanks outside of the science community. The
prioritisation plan starts from the State Council to the scientific community which consists of
more than 2000 researchers. The process results in 20 reports written by special drafting
committees with everything from public security, agriculture to human resources. Every report
contains five key issues which include global comparisons, especially with the USA. Also
covered are domestic demands, problems that need solving, how these can be solved by various
key projects and political measures such as incentives for organisations and companies. The
15-year plan for China which began in 2003 is indigenous innovation ‘lets make it ourselves’,
with the realization of the economic importance of science and technology in economic growth
and transformation of China into an innovation oriented nation (OECD, 2007). This has
evidently yielded results for the Chinese, with their economy now one of the best performing
in the world.
United States of America
In the United States of America (USA) prioritisation agenda is one of increasing innovation to
maintain competitiveness and drive prosperity. Two thirds of R&D is related to industry
investment which is targeted and there is a huge shift from basic to applied research. Majority
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of public investment goes to defence and classified research and then health and human
services. Other areas are climatic change and crosscutting technologies.
In Africa research prioritisation exercises carried out in countries that include Zambia, Tanzania
and South Africa largely focused on setting priorities in the health sector. However, in 2015
Tanzania carried out its first national research priority setting exercise. The exercise was
coordinated by the Tanzania Commission for Science and Technology (COSTECH). The
process involved seven priority setting workshop with representatives from 42 subsectors in
science, technology and health affiliated to COSTECH (de Haan et al 2015).
The NRP in Zimbabwe: The Process
Zimbabwe adopted the Australian model of prioritisation though on a smaller scale due to
budgetary constraints, representatives of stakeholders from more than 60 organisations were
invited on behalf of the S&T sectors in the country. The Australian process was adopted
because of its stakeholder involvement that allows capturing of a broad base of information
and opinions to ensure that the views of key groups from industry, academia and the community
were considered. However, the approach tends to result a long list of priorities which require
further refining to narrow them down to a practically manageable size.
In Zimbabwe, following the initial survey, a two-day stakeholders’ workshop was held. Participants
drawn from academia, government research institutions, industrialists and parastatals worked on
coming out with the priorities. At the heart of research prioritisation was the process of judging different
aspects that requires understanding and application of specific values or dimensions of understanding
which included: benefits, evidence, cost, efficiency, equity, equality, safety, benefit to a country’s
economy, services, infrastructure among others (Tomlinson et al, 2011). The Analytical Hierarchy
Prioritisation (AHP) tool was applied to the draft goals and themes to come up with four priority theme
areas and twenty-two associated goals.

The NRPs were presented to Government for consideration and were subsequently approved
in 2011. Prior to 2010, a national prioritisation exercise had never been done in Zimbabwe.
For Zimbabwe, the NRPs are a set of thematic areas towards which financial and other
resources will be deliberately directed to address economic and developmental issues. The four
thematic areas are Social Sciences and Humanities; Sustainable Environmental and Resource
Management in Zimbabwe; Promoting and Maintaining Good Health and National Security of
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Zimbabwe. The four NRP theme areas were identified to ensure equitable distribution of the
limited resources available for research for socio-economic development of Zimbabwe.
The Social Sciences and Humanities priority area aims at understanding the national identity
need and aspirations (RCZ-NRPs, 2012). The Sustainable Environmental and Resource
Management in Zimbabwe priority area is focused on improving utilisation of land, water,
mineral and energy resources through a better understanding of human and environmental
systems and the use of new production technologies, as well as aerospace and other sensing
technologies (RCZ-NRPs, 2012).
The Promoting and Maintaining Good Health priority area focuses on promoting good health
and well-being for all Zimbabweans through knowledge and infrastructure development (RCZNRPs, 2012). Lastly, the National Security of Zimbabwe aim is to safeguard the country from
terrorism, crime, invasive diseases, pests and strengthening the country’s place in the region
while, guarding the proper exploitation of natural resources and securing the nation’s critical
infrastructure (RCZ-NRPs, 2012).
Resultant Benefits
Benefit
Linkages between
national
development goals
and
research
priorities

Explanation
In Zimbabwe, this has been partly achieved since the formulation of
the NRPs in 2010, the country has had two development frameworks
established, the Medium-Term Plan (MTP) 2011-2016 and Zimbabwe
Agenda for Sustainable Socio-Economic Transformation (ZimAsset)
2013-2018. It is the later framework that the priorities were aligned
through the National Research Priorities- ZIMASSET matrix. The
goals of Zimbabwe as highlighted in the Zimbabwe agenda for
sustainable development were married to the NRPs. Hence, research
carried out in the four NRPs resulted in addressing of issues in the four
cluster areas of the Zimbabwe Agenda for Sustainable SocioEconomic Transformation (ZIMASSET). The clusters are: Food
Security and Nutrition Cluster: Social Services and Poverty
Eradication Cluster, Infrastructure and Utilities Cluster, Value
Addition and Beneficiation Cluster (ZIMASSET 2013-2018).
Development of a Research priorities facilitate the establishment of a strong base of
National Research research expertise in key strategic areas. Since 2011 RCZ has been
Agenda
funding research constantly in line with the NRPs. Funding of research
in the NRP theme areas over time results in the development of
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Benefit

Explanation
Zimbabwe’s research agenda as the countries areas of expertise
emerge.

Research
funds The formulation of the NRP aided the RCZ in coming up with the NRP
disbursement
based funding framework for research. The framework is used to
framework
regularly fund research in the NRPs; this allows the development of
the country’s research agenda over time. The framework has enabled
focused and efficient use of limited research resources for the country.
The priorities have also shaped how foreign funded research
registration is approved upon application for research permits.
Potential
social, Targeted research in prioritised areas has the potential to bring social,
environmental and environmental and economic benefits by having research carried out
economic benefits in areas that supplies solutions to local problems. In Zimbabwe, the
NRPs are great tool for achieving that, while automatically improving
Zimbabwe’s’ knowledge base. Research carried out in the NRPs is
contributing in improving Zimbabwe’s knowledge base for innovation
and ensuring that education and research are of high standards.
Improved Research The NRPs have improved research coordination in Zimbabwe.
Coordination
Research conferences’ theme areas in Universities are being guided by
the NRPs. Some universities have established their Research Strategic
Plans in line with the NRPs. All paper presentations at the RCZ hosted
Zimbabwe International Research Symposium (ZIRS) are called for in
line with the NRPs and the parallel session as the ZIRS are structured
along the four NRPs. To date RCZ has hosted two editions ZIRS in
line with the NRPs.
The improved research coordination has enabled honouring of
Outstanding Researchers in the NRP areas. Awards categories were
formulated for the four NRP theme areas. This qualifies research work
that has excelled in the thematic areas to receive due recognition and
honour the researchers.
Development and Correctly set national research priorities for a country improve
Improvement
of industrial growth and economic performance over time. The
Industrial
realisation of the economic importance of science and technology in
competitiveness
economic growth and transformation that has research supported
innovations is evident in economies of developed countries. Research
Priorities results in transformation of economic sectors that have
prioritised research being carried out, for example the agriculture
sector is Zimbabwe has seen the development of short term maturity
maize varieties that are drought tolerant due to the prioritisation of
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Benefit

Explanation
food security. Priorities recommend areas around which future
investment in research with a direct economic motive can be made.
This has evidently yielded results for Zimbabwe’s agriculture sector
under a difficult economic environment

DISCUSSION
The major goal of research prioritisation in most countries has been to form links with and
develop industry to increase international competitiveness. In terms of thematic areas, countries
are basing their priorities on international areas of concern and development such as
environmental issues, health issues, security issues and the new cross cutting issues (Fact Sheet,
Science and Research Priorities, May 2015). The majority of the developing countries have a
major focus on food security and agriculture. However, research priorities should be aligned
toward a national vision.
The most effective means of ensuring national alignment with the thematic research priorities
chosen are to require research agencies to adopt the thematic priorities and to report annually
to government and the community on how priority areas have been addressed. The reporting
should highlight the total resources invested towards funding research in the national priority
areas. Such reporting should comment on how inter-agency barriers have been overcome to
ensure a coherent national approach. In Zimbabwe, this is a major area of concern as no major
sector has managed to come out with sector specific priorities. Currently no reporting structures
exist in Zimbabwe for sectors to report on progress they have made in adopting, funding and
implementing research in the NRPs.
The Australian prioritisation process adopted for use Zimbabwe states that the identified
thematic NRPs should flow from a national vision (Fact Sheet, Science and Research Priorities,
May 2015). Alignment of the NRPs to a countries development goals should follow the process
were national development goals (NDGs) are set first, followed by the formulation of research
priorities. In Zimbabwe, alignment of the priorities to NDGs has been limitedly achieved due
to two main reasons (1) Priorities were set first, followed by NDGs frameworks. (2) Two NDGs
frameworks have been established, the Medium-Term Plan (MTP) 2011-2016 and Zimbabwe
Agenda for Sustainable Socio-Economic Transformation (ZimAsset) 2013-2018 without a
national review of the priorities in each instance. In the case of the MTP there was no attempt
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made to align the NRPs to the NDGs, it is in the later framework that the priorities were aligned
through the National Research Priorities- ZimAsset matrix. The goals of Zimbabwe as
highlighted in the ZimAsset were aligned to the NRPs. Hence, research carried out in the four
NRPs results in addressing of issues in the four cluster areas of ZimAsset. It is imperative that
this alignment of priorities to the NDGs be massively publicised for adoption and
implementation in the research community and industry so that national aspirations are
transformed from paper to real products. It is imperative to spend some of our national
resources on multi-disciplinary research that’s focused on larger national needs using our very
best people with the very best ideas.
Lessons Learnt- Way Forward
Having the NRPs is not enough if the country is to develop economically, Zimbabwe’s
economy should depend on science and research to increase productivity, achieve sustainable
economic growth, create jobs, and improve national well-being. Identified NRPs and known
practical challenges should ensure that appropriate levels of public funding are allocated to
research that addresses the most immediate problems facing the nation (Science and Research
Priorities May 2015). Implementation of NRPs over time should result in increased allocation
of research investment by the Government, specifically on strategic areas of critical need and
national importance. Cross-cutting issues in the NRPs present challenges in interpretation
hence they need to be addressed through a strategic approach that brings clarity for all
stakeholders involved. It is prudent that the NRPs be reviewed regularly to allow for new ideas
to be adopted to ensure that issues being addressed are still the most pressing for the nation.
Setting of the NRPs is essential to maximise the impact of research investments, which is very
important in resource constrained countries and environments like Zimbabwe. Research
priorities setting assist researchers, academics and policymakers in effectively targeting
research that has the greatest potential public benefit (Viergever et al 2016). Research funding
remains the mainstay for sustainable national socio-economic development. Worldwide, the
level of a country’s investment into research has been known to have a direct correlation to the
country’s level of socio-economic development. The United States of America, Germany,
China, Brazil, India, Malaysia, South Korea, South Africa, are just a few examples of many
countries across the globe that have realised astronomic levels of economic growth through the
establishment of well-coordinated programmes of research.
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In Zimbabwe, the national research system is characterised by limited financing. Thus, the local
national needs remain limitedly addressed or unaddressed. The Research Prioritisation exercise
was an attempt at directing the limited financial resources to key local areas of need. Research
Prioritisation is about identifying those areas in which the country has a realistic chance at
harnessing national resources for socio-economic development. The exercise is also about
addressing the critical problems facing the country. It is envisaged that, over time, the national
research capacity will increase through the continued availing of resources to and capacity
building in strategic areas. Having NRPs give the country leverage when it comes to accepting
and use of foreign funding for research activities. As much as foreign funding is important, it’s
of no national benefit to accept research funding the does not support research that addresses
your NRPs and NDGS. The NRPs allows you to directs the type of research that should be
conducted in your country.
It is plausible that the Zimbabwe’s research prioritisation has a well-documented stakeholder
engagement. According to a survey (Tomlinson et al) in 2011 on health research priorities
setting processes in low and middle income countries, across the countries surveyed there was
a relative lack of genuine stakeholder engagement; countries varied markedly in the extent to
which the priority setting processes were documented. Fair involvement of stakeholders is
important, priority setting exercises should strive for appropriate representation of different
expertise and for balanced gender and regional participation (Viergever et al. 2010). Different
sectors and constituencies should be involved that include government, industry, civil society,
policymakers, funders, donors, the private sector, and members of the public.
However, the prioritisation framework for Zimbabwe requires revision and appeals processes
that protect the priorities from political, economic and environmental issues while allowing
room for change and adaptation. This process of revision based on appeal must include
mechanisms for revising the priorities before the review period based on emerging pertinent
national issues or arguments (Tomlinson et al, 2011). When the NRPs were established in 2012,
the plan was to have them reviewed after every three years. This has not been the case. Having
research priorities involves a continuous process which requires coordination and periodic reevaluation with feedback from the previous efforts for continually improving the priorities and
to address emerging or shifting developmental issues of national importance (Balile D, 2015).
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The benefits so far realised from the NRPs are not the total that could have been attained,
continued financial support in the four thematic areas is required so that more research is
carried out. As more research is carried out a true map of National Research Agenda (NRA)
can be drawn as Zimbabwe’s scientific areas of expertise emerge. Cross-sectorial priority
setting process carried out for Zimbabwe, inevitably leads to a broad science technology and
innovation system agenda that has the value of providing strategic guidance. However, more
sector specific research agendas (priorities) are required at sector level for management and
development purposes (de Haan et al 2015). The aspect of sector specific priorities adopted
from the NRPs has been limitedly adopted in the country. If adopted this would accelerate the
shaping of the NRA.
Setting priorities is essential to maximize the impact of investments, which is especially
relevant in resource-poor environments (Viergever et al. 2010). Setting of the NRPs for
Zimbabwe means, the country has managed to puts its national interest on the forefront when
it comes to research, which is not the case for many developing countries. For many developing
countries, conducting research and addressing national needs is often dependent on or guided
by external resources coming into a country rather than based on the needs identified by the
countries themselves, which results in diverting attention and resources away from national
interests (COHRED; 1997). It is through the creation of a national research agenda that
countries can begin to align both external and internal resources to best meet national
development. National research priorities facilitate the transformation of a donor-driven
research agenda into an agenda driven by countries’ own needs.
CONCLUSION
Zimbabwe has certainly benefited from the formulation of the NRPs as flow of research funds
is now directed, however, more work need to be done in publicising the NRPs, so that they are
adopted, customised and used in all sectors. The research community should understand that
the NRPs are by no means cast in stone. To the contrary, the identified priority areas are a
baseline for ongoing dialogue in developing a dynamic national research agenda. The RCZ
should from time to time, revisit the priority areas in order to ensure that they remain relevant
to national socio-economic development. It is now the responsibility of the country’s research
entities and funders of research to consistently refer to and build capacity around the national
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research priorities. Wholesome adoption of the NRPs by industry, academia and policy makers
will bring out more benefits from the priorities.
RECOMMENDATIONS
To improve the adoption of the NRPs so that more benefits can be derived from them the paper
recommends the following:
1. Stakeholders in the Zimbabwe’s research community, organisations, colleges,
universities, research institutions among others should formulate their specific
organisational research priorities and research strategic plans from the NRPs to improve
NRP use and adoption in all sectors.
2. More resources should be channelled towards supporting awareness on the NRPs and
research in the NRP thematic areas to allow the development of national research niche
areas.
3. Publicity of the NRPs should continue in all research sectors. The publicity should be
done through public lectures on NRPs in all universities, rolling out a national
stakeholder outreach programmes and writing of press articles about the NRPs.
4. Review of priorities: The NRPs for Zimbabwe have been in existence since their
approval by Government in 2011 and have not been reviewed since then. The
Australian model used by Zimbabwe, recommends review after three years to identify
priority areas which are no longer relevant or in which poor progress is being made.
Though lifetime of a priority area would be expected to be several times longer than
this (7 - 10 years) in order to allow effective training of people and redistribution of
resources, it’s important that the priorities be reviewed.
5. Prioritisation has to run concurrently with development of human resources and
research policies for effective adoption and implementation.
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ABSTRACT
This research sought to establish how family background and motivation influence
entrepreneurship development in Zimbabwe. Purposive sampling was used to select 200 family
business entrepreneurs. The study confirmed that family social class is an important
determinant of entrepreneurial decision while having a village childhood background is not a
barrier to entrepreneurship entry. While company founders tended to be well-educated,
entrepreneurs were found to be motivated by a number of factors such as the need for self realization and economic security, the desire for greater business achievement and institutional
power as well as the quest for social capital. However, the researchers found no tendency for
the motivators driving family business formation to change when economic conditions
changes. The study recommend that a deliberate education policy be instituted that emphasises
more on developing entrepreneurship talent and that government should make a spirited
attempt to ensure an enabling environment for entrepreneurship development by maintaining
the socio-economic middle class. There is also need for a well-crafted family entrepreneurship
development programme to support family business succession plan for sustainable family
entrepreneurship in Zimbabwe.
Key words: entrepreneurship, family background, motivation
1.0

INTRODUCTION

Zimbabwe is still confounded by prohibitive barriers to entrepreneurship development. Family
entrepreneurship which can be viewed as a key self-employment strategy with enormous
potential to uplift communities economically is still retarded by structural constraints. Given
that large industrial capital is diminishing in Zimbabwe and unemployment is rising, a well203

crafted family entrepreneurship development programme can play a significant role in
stimulating economic growth, propping up the failing state-owned enterprises and empower
the disadvantaged segment of the population (Abimbola and Agboola 2011). In this regard,
understanding family background factors that motivate entrepreneurship is an initial step
towards developing a sound policy for family business development.
While in developing countries entrepreneurship is the least studied economic and social
phenomenon (Lingelbach et al. 2005), it is without exception that Zimbabwe has a huge gap in
entrepreneurship literature. It is not known how the current generation of Zimbabwean
entrepreneurs are being influenced by their parents’ entrepreneurship or social status and how
their decisions are likely to change with shifts in economic environment. Without a better
understanding of how the interaction of family background factors and changing economic
conditions influence entrepreneurs’ motivation structure, government has not provided the
correct policy interventions.
1.1 BACKGROUND TO THE STUDY
While Zimbabwe is struggling to recover from one of the worst decade of economic
catastrophes in the world, its effort to mobilise both internal and external entrepreneurial
resources for development is yielding disappointing results. The impacts of the 1999 to 2008
economic crisis are still frustrating entrepreneurship development efforts, with the combined
effects of the poorly resourced Fast Track Land Reform Programme, economic sanctions,
droughts, hyperinflation (Moyo, 2011) and macroeconomic policy implementation failures
(Kamoyo, 2011), still retarding the success of existing and new start-ups. In fact, the greatest
predicament facing policy-makers are diminishing foreign and private sector entrepreneurship
capital, accelerating de-industrialisation with estimated 711 companies having closed shop
between 2011 and 2013, and 149 firms having made liquidation applications with the High
Court in 2013 (Gumbe and Chaneta, 2014; NSSA, 2013). Additionally, formal employment has
been fast shrinking having dropped by 40.3% between 1998 and 2004 from 1.4 million to 998
000 (Raftopoulous, 2009) and capacity utilisation in the manufacturing sector was only 38%
in 2013 (CZI, 2013).
The disturbing fact is that, this economic quandary is occurring at a time when government is
emphasising on the need for entrepreneurship development. This is also despite the liberal
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economic reforms of the early 1990s under the Economic Structural Adjustment Programme
(ESAP) that were supposed to attract foreign direct investment (FDI) and competition to
rejuvenate the economy (Hawkins and Ndlela, 2009), expand economic opportunities for
growth, prosperity and unlocking job opportunities (Mlambo, 2000) following the abolishment
of state monopolies to ensure competitive market equilibrium. The liberalisation was expected
to promote private sector participation and stimulate small enterprise development through
economic empowerment and government subsidy programmes. However, the results were
disappointing and dismal (Gumbe and Chaneta, 2014). The economy continued to experience
severe loss of productivity, efficiency and competitiveness, with a sharp decline in capital
formation, causing unemployment to rise to extremely high levels in excess of 60% of labour
force (Hawkins, 2012).
Unfortunately, the entrepreneurship impact of these economic dejections was never adequately
addressed by research. No known research has attempted to explore how these economic
miseries influenced the relationship between family background and entrepreneurship
motivational system. Only limited literature on succession planning in family businesses in
Zimbabwe was studied by Maunganidze (2008), whose conclusions further opened up further
research gaps. In fact the research noted that the relationship between succession and business
survival though very strong, is highly unpredictable and conflict-ridden, implying that further
interrogations are needed to inform policy on how to improve family business succession so as
to eliminate conflicts incidence. This is because, family businesses are strategic as a tool, to
create employment and generate livelihoods for sustainable community development.
Considering the economic doldrums currently confronting Zimbabwe, inculcating
entrepreneurship spirit would be imperative. This requires developing an effective family
entrepreneurship strategy that is based on a thorough understanding of behavioural
characteristics of family entrepreneurs. This study therefore, seeks to respond to the following
questions;
1. What is the current level of “intergenerational continuity” in family owned business?
2. What are the family background characteristics of entrepreneurs whose business were
formed during the pre-crisis, crisis and post-crisis periods?
3. What family characteristics distinguish start-up entrepreneurs from those that inherited
businesses from parents or family siblings?
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4. How do motivational factors differ between start-up and inherited business owners,
between pre-crisis, crisis and post crisis economic periods, between social classes that is
lower class, middle class and upper class, and between entrepreneurs with different
childhood backgrounds like urban, town and village?
An understanding of these will lead to policy recommendations that address entrepreneurship
challenges according to the specific entrepreneurial characteristics.
1.2 OBJECTIVES
The study sought to fill in some of the information gaps about entrepreneurs by:
a) Determining how family background factors like socio-economic, educational and
parental entrepreneurship status helps to shape the current crop of entrepreneurs in
Zimbabwe.
b) Establishing what motivates entrepreneurs to do what they do.
c) Exploring how the Zimbabwean macroeconomic environment affected entrepreneurs’
motivational structure as well as the backgrounds (socio-economic, educational, and
familial) of entrepreneurs.
2.0 LITERATURE REVIEW
Families as economic units undertake investment in physical and human capital for members
and as cultural institutions promote socialisation of children and human capital formation. The
formation can be influenced by parents’ occupational skills and experiences, mentalities, family
intergenerational interactions, education and behavioural attitudes on socio-economic
development (Sato and Li, 2013).
2.1 PARENTAL EXPERIENCE AND FAMILY ENTREPRENEURSHIP
The fundamental proposition is that entrepreneurial parents enhance the process of their
children’s human capital formation through human capital transfer over generations.
Entrepreneurs can then be viewed as ‘family products’ due to parental influence, with the
probability of one owning a business increasing with family background in business ownership
(Aldrich and Cliff 2003; Kirkwood, 2009). Parents as role models shape children’s perceptions
on entrepreneurial career (Schindehutte et al, 2003 and Scherer et al., 1989) by exposing them
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to business opportunities with a lasting impact on their career choices (Bandura, 1986;
Krumboltz, Michael, and Jones, 1976).
On the other hand, the closure proposition maintains that parents transfer entrepreneurial
resources (financial or social), in a way that helps children to overcome entrepreneurship entry
barriers. While exposure encourages children to try to enter into entrepreneurship, closure
improves the likelihood that they will succeed upon entry into entrepreneurship (Sorenson,
2006). Thus, both the exposure and closure propositions associate the motivation for entering
into entrepreneurship with occupational experiences of parents and family position in the social
strata like having parent entrepreneurs and sibling entrepreneurs (Dombrovsky and Welter,
2006; Sato and Li, 2013).
Cooper and Drunkelberg (1987) using US data found that entrepreneurs are more likely to
come from families with entrepreneurs than non-entrepreneurs, while Ohe, et al. (1991)
corroborates this by revealing that 25% of entrepreneurs in Japan had parents who were also
entrepreneurs. In Sweden Lindquist et al. (2015) noted that entrepreneurs’ children have a 60%
likelihood of becoming entrepreneurs themselves than others, because entrepreneurship
background transfers knowledge, skills, self-confidence and positive attitudes towards family
business. Thus parents’ experiences of self-employment have positive impacts on the
likelihood of self-employment of the off-spring generation. However, Finnie and Laporte,
(2003) noted that self-employment tends to be more prevalent among men than women with
20% of men compared to 12.5% for women being self-employed. There is also overwhelming
empirical evidence that individuals with entrepreneurial parents are over-represented among
business founders in general (Dunn and Holtz-Eakin, 2000) and self-employed in particular
(Carroll and Mosakowski, 1987; Uusitalo, 2001). Thus the role of entrepreneurial parents
should not overshadow other family background factors.
2.2 EDUCATIONAL AND PREVIOUS WORK EXPERIENCE
There is no consensus among researchers on whether entrepreneurial character is a product of
educational success or an organisational product. On one side entrepreneurs are viewed as more
educated, with knowledge of more foreign languages (Dombrovsky and Welter, 2006).
Wadhwa et al (2009) using US company data noted that, company founders tend to be middleaged, better educated and more entrepreneurial than their parents. Education plays an important
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role in the development of entrepreneurship by influencing both returns and entrepreneurial
ability (Naudé, 2008; Burke, et al, 2002; Barba‑Sanchez and Atienza‑Sahuquillo, 2012).
On the other hand, Brockhaus, (1982) noted that entrepreneurs lack formal qualifications but
succeed upon hiring managers who are more formally educated than entrepreneurs themselves.
This supports the popular myth of college drop-out entrepreneurs. Freeman (1986), on the other
hand, views most entrepreneurs as former employees of established firms and hence are
‘organizational products’. Experience helps them to get knowledge about useful contacts,
suppliers and expose them to potential markets (Audia and Rider, 2005; Shepherd et al, 2000),
mobilise financial and human resources (Stuart and Sorenson, 2003). Despite the seemingly
different perspectives on the classification of entrepreneurs, it is the interaction between
education attributes and past working experience that drives entrepreneurship success, while
motivational factors are integral in shaping entry decision.
2.3 MOTIVATION AND ENTREPRENEURSHIP
Theories that disregard the role of motivational factors in the creation of new organizations
should be regarded as incomplete (Segal et al, 2005). According to the “pull” theory,
individuals are attracted into entrepreneurial activities seeking independence, self-fulfilment,
the need to build wealth, own a company, start-up culture, capitalizing on a business idea and
achieving other desirable outcomes (Gilad and Levine, 1986; Wadhwa et al, 2009). This can be
motivated by inspiration from neighbours, friends or relatives, family members, and role
models that are already involved in enterprise management (Dollinger, 1999). Barba‑Sanchez
and Atienza‑Sahuquillo (2012), Brockhaus and Horwitz (1986), Herron and Robinson (1993)
concurred that entrepreneurs are motivated by the need for competition, achievement,
affiliation, power and a tolerance for ambiguity, a willingness to take risks, preferences for
innovation, and pro-activeness or persistence. On the other hand, the “push” theory argues that
individuals are pushed into entrepreneurship by negative external forces, such as job
dissatisfaction, difficulty finding employment, insufficient salary, or inflexible work schedule
(Keeble et al., 1992; Orhan and Scott, 2001).
However, empirical evidence has shown that it is a combination of pull and push factors that
drive entrepreneurship ventures. Lau and Chan (1996), McManus, (2001) and Benzing et.al,
(2009) have shown that autonomy, achievement, making money, a desire to innovate, actual or
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threatened redundancy, making use of skills acquired, the desire to exploit market
opportunities, frustration with the last job or career, social mobility and a resistance to
geographical mobility are important decision factors in becoming an entrepreneur. Kuratko,
Hornsby and Naffziger (1997) and Robichaud, McGraw and Roger (2001) using entrepreneurs
from North America found that extrinsic rewards, intrinsic rewards, autonomy and family
security played an important role on entrepreneurs’ business success and motivation. Whereas
Benzing, Chu and Szabo (2005) found that job security and income needs were strong
motivators than personal needs and self-satisfaction in Romania, entrepreneurs in India were
mostly motivated by the desire for autonomy and to increase income (Benzing and Chu 2005).
Bewayo (1995) found that Ugandan entrepreneurs are motivated by “making money”.
However, Chu et al (2007) noted that entrepreneurs in Kenya and Ghana are motivated by the
desire to increase income and provide self-employment.
2.4 SOCIOECONOMIC STATUS
The effect of social class was addressed by Newman (2007) who noted that the wealthy class
is more likely to dominate entrepreneurship, as they assume more risk whereas extremely poor
families are naturally excluded from entrepreneurial activities because they are perceived to be
risk averse. Banerjee and Duflo (2007) observed that, extremely poor families, living on less
than US$1 per day are psychologically reluctant to venture into income generating projects.
Hence, extreme poverty is a significant barrier to entrepreneurship (Wadwa et al, 2009). This
is the transmission path of economic status which can, however, be interrupted by market
transitions. Sato and Li (2013) noted that the collapse of the socialist regime in China
culminated into the disturbance of inter-generational transmission of economic status, with
wealth groups before the socialist regime moving to the lower economic status and the poor
and lower-middle peasant moving to the top of the pyramid following the land reform that
redistributed resources.
Giannetti and Simonov (2004) pointed out that governments can foster an ‘entrepreneurial
culture’ in a society as a way to raise productive entrepreneurship by encouraging role models.
However, Licht (2007) has argued that because many entrepreneurs are motivated by nonpecuniary gains, policy efforts to stimulate entrepreneurial entry by reducing the costs of exit
may not be effective. Opafunso and Okhankhuele (2014) further confirm this arguing that
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management’s failure to consistently provide motivational packages and the general lack of
government support obstructs the development of small and medium scale enterprises.
The research findings are expected to contribute to literature in this field as well as to evidencebased policy making in Zimbabwe with regards to entrepreneurship.
3.0 METHODOLOGY
The research adopted a quantitative approach guided by the positivist philosophical thought.
This study contents that reality is measurable (Antwi and Hamza, 2015). As a result, purposive
sampling was adopted for a sample of 200 SMEs. A 17-item structured questionnaire was used
to explore educational, social status, family entrepreneurial background and motivational
factors that influence entrepreneurial decisions. The respondents comprised of company
founders and non-founders who were asked about their backgrounds and experiences in
launching companies. The questionnaires also required the owners to rank how motivators like,
wanted to capitalise on a business idea, wanted to build wealth, had sufficient capital, always
wanted to form own company, inability to find a formal job, the need for independent work,
co-founder encouraged me and entrepreneurial role model encouraged me, influenced then to
be entrepreneurs.
To determine the behaviour of family businesses during the economic transition, the enterprises
were classified into those that were established during the pre-crisis period, crisis period and
post-crisis period. All businesses whose lifespan extended to more than 15 years were classified
as having been formed before 1999 the pre-crisis period, the crisis period constituted those
businesses whose lifespan was between 6 and 15 years (and were formed between 2000 and
2008) and those that were less than 6 years are formed during the post-crisis period after 2008.
This allowed the researchers to analyse behavioural effects of family characteristics like
parental social status, entrepreneur’s childhood background and inter-generational business
succession attributes during economic transition.
4.0 RESULTS
The study sought to establish how family background and motivation influence
entrepreneurship development in Zimbabwe. Descriptive statistics and one way analysis of
variance were used to analyse the data. Business owners were categorised according to whether
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they are company founders or not. Characteristics of the two were then compared in terms of
the motivational factors, family social status, childhood background, and over different
economic environment.
4.1 DEMOGRAPHY, EDUCATION AND WORK EXPERIENCE
Table 1 shows the demographic characteristics of entrepreneurs.
Table 1: Demographic Characteristics of entrepreneurs
Start-up status

Gender

Marital status

Age of business owner

M

F

M

S

18-25

26-35

36-45

Above 45

Yes

62

34

66

30

16

55

16

9

No

38

66

81

23

42

54

7

1

N

100

100

147

53

58

109

23

10

Highest Educational qualification of business owner
Start-up status

O’ level

VCT

Diploma Degree

Professional

Total

Yes

27

3

13

51

2

96

No

19

8

35

25

16

104

N

46

11

48

77

18

200

Parents’ educational characteristics
Start-up status

Father

Mother

NF

PE

SE

VCT

TE

NF

PE

SE

VCT

TE

Yes

8

14

22

37

15

3

28

25

34

6

No

0

26

35

12

31

1

34

48

7

14

N

8

40

57

49

46

4

62

73

41

20

Working experience prior to starting business
Start-up status

1-2 yrs

3-5 yrs

> 5 yrs

never worked Total

Yes

17

22

55

2

96

No

37

30

36

1

104

N

54

52

91

3

200
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4.1.1 Demography
Gender, marital status and age characteristics of entrepreneurs were considered and are
summarized on Table 1 above. Start-up entrepreneurs are defined by YES and those defined by
NO inherited their businesses either from parents or brothers and sisters. Only 48% of the
respondents indicated that their businesses are start-up, while 52% indicated that they inherited
from their parents or siblings. Given that 52% of the surveyed entrepreneurs inherited
businesses, inter-generational succession of businesses is still very important aspect of family
entrepreneurship development. Table 2, under family members who started business, indicates
that parents to child business transmission with 72 (69%) respondents is the dominant form of
family business transfer and siblings to siblings has 31% of the respondents. More importantly
the middle class has the highest rate of intergenerational business transfers with 66% of the
entrepreneurs. Overly the study showed that the level of family business succession is higher
than new ventures created by 1.08 times.
While 23(11.5%) of the respondents were between 36-45 years age, 10(5%) were over 45 years,
the majority of business owners 109(54.5%) were within the age bracket of 26–35 years which
is the most socio-economically active age category. It is also at this age category that most
start-up entrepreneurs are concentrated consisting of 57.3% in this study, of them and 51.9%
of those who inherited businesses also falling into this category. It is also clear that 147 (73.5%)
of business owners were married leaving 53(26.5%) as single. However, the number of married
start-up entrepreneurs is lower relative to those who had pioneers in the family while the
number of single pioneer entrepreneurs is more than the number of entrepreneurs with pioneers
in the family. This reflect the role parents with business background play in making it is easier
for their children to understand the challenges in business (Ismail, Zain and Ahmed, 2006).
4.1.2 Education
Most business founders are well-educated with more than 71% having attained tertiary
qualifications, of which 38.5% are holders of bachelor’s degrees, while 24% have diplomas,
9% professional qualifications and 5.5% have vocational training. However, only 23% have
had completed high school at the time of founding their business. The study also noted that
current entrepreneurs are also more educated than their parents with an average of 23% and
10% of entrepreneurs’ fathers and mothers having tertiary education respectively against 71%
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for current entrepreneurs. Thus education is one of the key components of entrepreneurship
development in Zimbabwe. This result and conclusion is consistent with Wadwa et al, (2009)
and Naudé (2008), Burke, et al (2002), Barba‑Sanchez and Atienza‑Sahuquillo (2012) who
posit that education plays an important role in the development of entrepreneurship by
influencing both returns and entrepreneurial ability respectively.
4.1.3 Work experience
In the study, there was a general observation that most entrepreneurs had significant industrial
experience prior to starting their companies. About 98.5% of respondents indicated that they
had had at least one year working experience in industry, with 71.5% having worked for more
than three years and a meagre 1.5% having confessed that they do not have working experience
from other companies. However, 80% of the pioneer entrepreneurs pointed out that they had
had more than 3 years of work experience prior to establishing their own business. From the
foregoing statistical data, it shows that most of Zimbabwe’s entrepreneurs come from existing
workforce and not from college, implying that Zimbabwe’s entrepreneurs are organisational
products. The result support findings by Bhaduri and Worch (2008) and Luber, et. al (2000)
who observed experience increases potential entrepreneurs’ chances of success, if they pursue
a new business related to earlier business experiences.
4.2 SOCIAL STATUS AND BUSINESS FORMATION BY TRANSITIONAL PERIODS
The highest proportion of entrepreneurs came from the middle class, with 66.3% of them
having inherited the business and 80.2% of them having had start-up ventures falling in this
category. This is followed by lower class with 28.8% of those who inherited businesses and
19.8% of start-up entrepreneurs and only 4.8% of those who inherited businesses claimed to
be from the upper class.
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Table 2: Social Status
Social status
Started

Childhood background upper class

middle class

lower class

n

City

3.8%

26.9%

1.0%

33

Town

1.0%

33.7%

16.3%

53

Village

.0%

5.8%

11.5%

18

Total

4.8%

66.3%

28.8%

104

City

31.3%

.0%

30

Town

12.5%

6.3%

18

Village

36.5%

13.5%

48

Total

80.2%

19.8%

96

business
No

Yes

Family member who started business
No

Family member

upper class

middle class

lower class

n

Parents

2.9%

46.2%

20.2%

72

brothers/sister

1.9%

20.2%

8.7%

32

Total

4.8%

66.3%

28.8%

104

This highlights that family entrepreneurial businesses are most important to income and
livelihood opportunities for the middle and lower income earners.
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Table 3: Family business formation by transitional periods
Family members who started a business before you
Did you start the business?
No

Parents

n

2.9

34.6

31.7

72

.0

18.3

12.5

32

Total

2.9

52.9

44.2

104

Self-started

2.1

49.0

49.0

96

brothers/sister
Yes

Post Crisis period Crisis period Pre-crisis period

Parental social class
Crisis
Did you start the business
No

Yes

Post Crisis period

period

Pre-crisis period

n

upper class

.0%

1.0%

3.8%

5

middle class

1.9%

38.5%

26.0%

69

lower class

1.0%

13.5%

14.4%

30

Total%

2.9%

52.9%

44.2%

104

middle class

.0%

41.7%

38.5%

77

lower class

2.1%

7.3%

10.4%

19

Total%

2.0%

49.0%

49.0%

96

Childhood background
Did you start the business
No

Post Crisis period

period

Pre-crisis period

n

City

1.9%

16.3%

13.5%

33

Town

1.0%

25.0%

25.0%

53

.0%

11.5%

5.8%

18

Total

2.9%

52.9%

44.2%

104

City

.0%

15.6%

15.6%

30

Town

1.0%

13.5%

4.2%

18

Village

1.0%

19.9%

29.2%

48

Total

2.0%

49.0%

49.0%

96

Village
Yes

Crisis

Table 3 indicates that 44.2% of the businesses were transferred from one generation to another
and 49% of the start-ups were established during the pre-crisis period before 1999. About
52.9% of inherited business and another 49% of start-ups were formed during the crisis period
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between 2000 and 2008, only very 2.9% of the inherited and 2.1 % of start-ups were formed in
the post-crisis period. This distribution of business formation reflects that economic transition
act as an important stimulus to venture creation since the proportion of businesses formed
during this period is 1.2 times more than those that were formed during the pre-crisis period
and 18 times more than those that were formed in the post crisis period.
Furthermore, findings from this study show that family social class plays an important role in
determining the distribution of business ownership and start-up rates. The middle class was
shown to constitute the biggest proportion of business founders with 38.5% of the inherited
businesses formed during the crisis period, 26% during the pre-crisis and 1.9% during the postcrisis periods. It also emerged that for start-ups 41.7% were formed during the crisis and 38.5%
during the pre-crisis period. However, the fact that 44.2% of inherited businesses and 49% of
start-ups were able to survive the crisis period is an indicator of good survival rate inherent
with the family owned business. The view that family businesses can survive economic
turbulence is consistent with Braun and Latham’s (2009) findings that family firms tend to be
able to survive poor economic (economic downturn or recession) conditions than nonfamily
businesses in their United States study.
It also came to the fore that 52.9% of the businesses were inherited companies formed during
the crisis period, with 25% having been formed by family members who have a town childhood
background, and16.3% with a city childhood background. However, the highest proportion of
start-up companies formed during the crisis and pre-crisis periods had 19.9% and 29.2% of the
founders having a village background respectively. Village background at 29.2% is more than
half of the total 49% of started-up entrepreneurs during the pre-crisis era. This implies that
village childhood background although traditionally associated with poverty and usually
humbleness, is also a key factor for successful entrepreneurship and is not itself a barrier to
entrepreneurship entry.
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4.3 Motivation factors
Table 4: Motivational factors mean responses
Parental Social class

Lower n=49

Middle n=146

Upper n=5

Mean

Std. Dev.

Mean

Std. Dev.

Mean

Std. Dev.

Wanted to build wealth

1.92

.838

1.89

.983

2.20

1.095

Had sufficient capital

3.22

1.246

3.64

.938

2.20

1.095

Capitalize on a business idea

2.08

.702

1.71

.813

2.20

1.304

Start-up company culture

2.63

.883

3.05

1.131

3.80

1.095

Form own company

2.88

1.130

2.10

1.075

2.80

.837

Independent work

3.27

1.169

2.86

1.232

2.20

1.789

Inability to find employment

3.49

1.609

4.08

1.090

4.00

.000

Co-founder encouraged me

3.57

1.190

3.61

1.267

3.80

1.095

Entrepreneurial friend

3.29

1.443

3.02

1.372

2.80

1.095

Childhood background

City n=63

Village n=66

Town n=71

Wanted to build wealth

1.83

.752

2.20

1.243

1.70

.705

Had sufficient capital

3.48

.859

3.79

1.074

3.27

1.146

Capitalize on a business idea

1.67

.967

1.71

.548

2.04

.836

Start-up culture appealed to me

2.79

1.080

3.05

1.208

3.06

.984

Form own company

2.25

.967

1.92

1.168

2.72

1.111

independent work

2.78

1.211

2.82

1.369

3.20

1.116

Inability to find employment

4.13

.635

3.85

1.384

3.83

1.493

Co-founder encouraged me

3.54

1.216

3.26

1.351

3.99

1.049

Entrepreneurial friend encouraged me

3.10

1.364

2.86

1.498

3.27

1.276

Transitional periods

Pre-crisis n=93

Crisis n=102

Post-Crisis n=5

Wanted to build wealth

1.92

.935

1.90

.980

1.60

.548

Had sufficient capital

3.53

1.069

3.53

1.031

2.60

1.140

To capitalise on a business idea

1.88

.806

1.76

.823

1.60

.894

Start-up culture inspired me

2.98

1.142

2.97

1.057

2.80

1.095

Form own company appealed to me

2.34

1.175

2.26

1.107

2.60

.894

Independent work appealed to me

2.95

1.263

2.92

1.216

3.20

1.643

Inability to find formal employment

3.91

1.265

3.98

1.243

3.20

.837

Co-founder encouraged me

3.47

1.265

3.75

1.191

3.20

1.643

Entrepreneurial friend encouraged me

3.01

1.371

3.19

1.391

2.20

1.304

Source: Survey Data; Note 1= Strongly Agree, 2= Agree, 3= Neutral, 4=Disagree, 5= Strongly Disagree
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Table 4 presents a summary of the motivational factors by family background with respect to
parental social status. Each of the categories were motivated by the desire by entrepreneurs to
capitalise on a business idea, the need to build wealth and to form own company with the mean
responses that are all below 3. Only entrepreneurs with parents of upper class background
started business because they had sufficient capital at their disposal with a mean response of
2.20, the lower and middle class were neutral with mean responses of 3.22 and 3.64
respectively. It emerged that start-up culture is only a motivator for lower classes herein
represented by a mean response of 2.63 with the other categories being neutral.
It came up from the study that the key motivators of an entrepreneur’s childhood background
indicated that the need to build wealth, capitalise on a business idea and the need to form own
company were cited by all entrepreneurs from the 3 childhood social structure comprising
background city, village and town with mean responses less than 3. Entrepreneurs from the
three childhood background were all neutral on having sufficient capital and co-founder
encouraged me, with mean responses that are between 3 and 4. Start-up culture was only cited
by entrepreneurs with city background with a mean response of 2.79, while those with village
and town background were neutral. Entrepreneurs with city background disagreed with the
assertion that failure to find formal employment forced them to venture into family businesses
and this was presented with a mean response of 4.13, while those with village and town
background were neutral on this aspect. Only those with village background agreed that
encouragement from entrepreneurial friends was a source of motivation while entrepreneurs
with city and town background remained neutral.
The result also confirm that the desire to build wealth, need to capitalise on a business idea,
start-up culture and the need to form own company were key motivators that drove
entrepreneurship during the pre-crisis, crisis and post-crisis periods with responses below 3.
While the need for independent work was only a motivator to entrepreneurs who formed their
companies during the pre-crisis and crisis periods, while those who formed in the post crisis
were neutral. Having sufficient capital and entrepreneurial friend encouragement were only
cited as a motivator by entrepreneurs who formed their business during the post-crisis period,
while those for the crisis and pre-crisis periods were neutral. However, all entrepreneurs were
neutral on the co-founder and entrepreneurial friend encouragement as motivators to start the
businesses during the pre-crisis, crisis and post-crisis periods.
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4.4 Impact of Economic transition on motivational factors (Variance analysis)
The next step was to use the one way analysis of variance (ANOVA) to statistically test for the
equality of mean responses.

The approach first tested whether the data satisfies the

homogeneity of variance assumption and the results are present on Table 5. There is violation
of homogeneity assumption on 6 factors under family social class, with variables like wanted
to build wealth, had sufficient capital, wanted to capitalise on a business idea, always wanted
to form own company, the need for independent work and entrepreneurial friend encouraged
me failing to satisfy the assumption.
Table 5: Levene Test of homogeneity of variance
Social class
Statistic

df

df2

1

Transitional periods

Childhood background

Statisti

Statistic

df1

df2

c

df

df2

1

Wanted to build wealth 6.887***

2

197

0.239

2

197

0.476

2

197

Had sufficient capital

5.651***

2

197

0.019

2

197

7.64***

2

197

a 4.809***

2

197

0.64

2

197

4.924***

2

197

2

197

1.509

2

197

1.872

2

197

Capitalize

on

business idea
Start-up

company 1.533

culture
Form own company

3.948**

2

197

1.053

2

197

1.282

2

197

Independent work

5.159***

2

197

0.619

2

197

2.642

2

197

find 16.663

2

197

0.206

2

197

19.297

2

197

12.131

2

197

1.685

2

197

0.89

2

197

3.697**

2

197

0.536

2

197

1.35

2

197

Inability

to

employment
Co-founder
encouraged me
Entrepreneurial friend

Similarly two factors which are whether the respondent had sufficient capital and wanted to
capitalise on a business idea, failed to satisfy the assumption under entrepreneur’s childhood
background. In all other cases the homogeneity assumption was met. Where the homogeneity
assumption was satisfied the one way ANOVA and the Tukey HSD comparison were used to
test on the equality of mean responses for each of the given factors. While the Welch robust
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equality of means and the Games-Howell comparison were used where unequal variance was
assumed.
Based on Table 6 overleaf, the researchers found no evidence to suggest that the motivational
factors vary significantly, over the economic transitional period. There was also no evidence of
tendency for the motivators driving family business formation to change when economic
conditions changes. The reason wanted to build wealth, had sufficient capital, need to capitalise
on a business idea, start-up culture, want to form own business, need for independent work,
inability to find formal employment, co-founder encouraged me and entrepreneurial friend
encouraged me they are all seem to influence family entrepreneurship equally regardless of the
changing macroeconomic environment.
However, the study found that there was evidence to suggest that motivators such as sufficient
capital, the need to capitalise on a business idea, start-up culture, the desire to form own
business and inability to find formal employment significantly varies according to entrepreneur
childhood background.
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Table 6: Results for ANOVA and the robust test equality of means
One Way ANOVA
Transitional

Childhood

Social class

Periods

background

F

Sig.

F

Sig.

F

Sig.

Wanted to build wealth

.277

.758

0.262

0.77

5.14

0.007

Had sufficient capital

1.900

.152

7.232

0.001

4.324

0.015

Wanted to capitalize on a business idea

.678

.509

4.492

0.012

4.482

0.012

Start-up company culture appealed to me

.063

.939

4.355

0.014

1.201

0.303

Have always wanted to form my own

.286

.752

9.894

0.000

Independent work

.121

.886

2.955

0.054

2.408

0.093

Inability to find traditional employment

.949

.389

4.188

0.017

1.154

0.317

Co-founder encouraged me

1.451

.237

0.08

0.923

6.356

0.002

An entrepreneurial friend was a role 1.436

.240

0.778

0.461

1.471

0.232

company

model
df1, df2

2, 197

2, 197

2; 197

Robust test of equality of means
Family social class
Statistic

df1

df2

Childhood background
Statistic

df

df2

1
Wanted to build wealth

3.973**

2

124.477

0.192

2

10.604

Had sufficient capital

3.825**

2

130.649

5.828**

2

10.465

Capitalize on a business idea

4.39**

2

122.761

4.581**

2

10.411

Form my own company

8.458

2

130.764

9.195***

2

10.987

Independent work

2.655

2

128.849

2.483

2

10.421

Table 6 shows that on the desire to build wealth there was an observed variation between
entrepreneurs with a village and those with a town background. For those who expressed the
desire to want to form own company, those with town background differed significantly from
those with village and city background, on co-founder encouraged me those with town
background differs from those with village background. Those with town and village
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background expressed differences on the possession of sufficient capital as a motivator of
business. While on wanted to capitalise on business idea those with town background differs
from those with city and village background.
Table 7: Comparisons Table
Tukey HSD Multiple Comparisons for family social class background
Dependent Variable
(I)
(J)
Mean Difference (I-J) Std. Error
Start-up company culture upper class
middle class
.745
.489
appealed
lower class
1.167
.505
middle class
lower class
.422*
.178
Inability to find
upper class
lower class
.510
.576
traditional employment
middle class
upper class
.075
.558
lower class
.586**
.203
Games-Howell for family social class background
Had sufficient capital
upper class
middle class
.488
.587
lower class
.118
.592
lower class
middle class
.369*
.121
Wanted to capitalize on a
upper class
middle class
.745
.499
business idea I had
lower class
1.167
.506
middle class
lower class
.422*
.157
Have always wanted to
lower class
upper class
.078
.407
form my own company
middle class
.775*
.184
Tukey HSD Multiple Comparisons for entrepreneur childhood background
Wanted to build wealth
village
City
.372
.164
Town
.493*
.159
Wanted to form my own
town
City
.464*
.188
company
Village
.794*
.186
Co-founder encouraged
town
City
.446
.209
me
village
.728*
.206
Games-Howell for entrepreneur childhood background
Had sufficient capital
village
City
.312
.171
Town
.520*
.190
Wanted to capitalize on a
town
City
.376*
.157
business idea I had
Village
.330*
.120

Sig.
.282
.056
.048
.650
.990
.012
.706
.978
.008
.379
.153
.023
.980
.000
.063
.006
.038
.000
.085
.002
.166
.019
.048
.019

Table 7 also shows that motivators like wanted to build wealth, had sufficient capital, need to
capitalise on a business idea, want to form own business and co-founder encouraged me varies
significantly according to family social class. Table 7 indicates that major difference are
between entrepreneurs from the middle class and those from lower class who varies on each of
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the very motivators, from start-up culture, inability to find formal employment, need to
capitalise on a business idea, want to form own business and co-founder encouraged me
4.5 Discussion of results
The view that motivators vary according to entrepreneur childhood background is also
consistent with Banerjee and Duflo (2007) and Wadwa et al, (2009) who observed that poor
families, living on less than US$1 per day are psychologically reluctant to venture into income
generating projects. With regards to motivational factors across transition periods, the results
of this study were consistent with Wadwa et al, (2009) who view the desire to build wealth,
need to capitalise on a business idea, start-up culture and the need to form own company as
critical motivators that drive entrepreneurship.
5.0 CONCLUSION
The study confirms that family background shapes the motivation driving entrepreneurs. It was
noted that family member attributes like educational background, family social class,
entrepreneur’s childhood background are important factors that help to shape entrepreneurs’
motivational structure. Evidence from the study also shows that changes in economic
environment did not significantly alter family entrepreneurship motivational structure. Family
entrepreneurs seem to be driven by similar motivations under different economic
environments, that is during the pre-crisis, crisis and post crisis period.
The research also noted that parents-to-child and siblings-to-siblings business succession as
opposed to start-up venture are still very important components of family entrepreneurship
development. While policies that encourage new venture creation are needed, supporting
family business succession planning is also very critical for sustainable family entrepreneurship
in Zimbabwe. This can be achieved through training for family owned business entrepreneurs.
It was noted that education is directly linked with entrepreneurship intent. Education policy
should therefore, emphasise more on developing entrepreneurship talent. The emphasis should
be done from elementary primary education, secondary and tertiary levels.
Family social class was also noted as the most important determinant of entrepreneurship
motivation.

223

5.1

RECOMMENDATIONS

The fact that most entrepreneurs come from the middle class gives birth to the recommendation
that government should make an attempt to ensure an enabling environment for
entrepreneurship development by maintaining the socioeconomic class. Relaxation of strict
loan requirements for entrepreneurs as well as government guaranteeing loan may be well
received as most of the entrepreneurs start their business at a younger age. Families, notably,
parents and siblings, are also encouraged to reduce the ‘barriers to entry’ into entrepreneurship
through exposure or closure.
There is also need for policies that encourage new venture creation are needed, supporting
family business succession planning is also very critical for sustainable family entrepreneurship
in Zimbabwe. This can be achieved through training for family owned business entrepreneurs.
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ABSTRACT
Studies have shown that community people are not empowered for the betterment of these
localities. UNESCO Convention of 2003, call for the preservation of heritage and
empowerment of rural communities. Zimbabwe became a member state of this organisation in
1972. Similarly, the 2013 Constitution of the Republic Zimbabwe as well as the Ministry of
Rural Development, Promotion and Preservation of National Culture and Heritage of 2015
spell out that chiefs are at the helm of rural development. The findings of this ethnography
indicate that: there is a practical gap that exists between the UNESCO and the state; chiefs are
not empowered to deliver rural development; and indigenous arts talents are underutilised. This
research suggests how talents may be harnessed for employment creation. Thus, the study
proposes a practical model for the preservation, and management of heritage for sustainable
development. The UNESCO and the state may empower chiefs through collaborative
participations.
Key Words: arts talents; community based indigenous instruments manufacturing industries;
community based performance centres; community based indigenous libraries
1. INTRODUCTION
The indigenous community arts industry of Zimbabwe requires continued financial support for
its establishment, development, and sustainability. This industry comprises tangible and
intangible heritage that face possible extinction if ways of sustainability are not employed.
According to Craith (2008: 54), the Swedish term for heritage arv, denotes something that is
“passed on; an inheritance from which one cannot distance oneself or escape from”. The
German term kulturerbe, implies “a resource” that is “handed down, untainted. ... ultimately a
treasure that is imparted unsullied to the next generation”, (op. cit.: 54). The researcher further
defines heritage to mean a form of legacy which an ethnic group takes pride in as it passes on
that cultural treasure from one generation to another for its sustenance. The researcher further
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stresses that heritage is more than tangible and intangible objects that are also handed over by
various

ethnic

groups.

Intangible

heritage

as

espoused

by the

UNESCO

on

http://www.unesco.org/culture/ich_convention/index.php:
The ‘intangible cultural heritage’ means the practices, representations, expressions,
knowledge, skills-as well as the instruments, objects, artifacts, cultural spaces associated
therewith-that communities, groups and, in some cases, individuals recognize as part of
their cultural heritage. This intangible cultural heritage, transmitted from generation to
generation, is constantly recreated by communities and groups in response to their
environment, their interaction with nature and their history, and provides them with a
sense of identity and continuity, thus promoting respect for cultural diversity and human
creativity, UNESCO (2003).
The quest to preserve and sustain the world’s intangible heritage remains topical, Buckley and
Sullivan (2014); McGuire (2013); Toft (2011). According to Chase (1969), there was a
widespread looting of monuments from the Maya world. For this reason, Parks et al. (2006:
425), in the UNESCO Convention on the means of prohibiting and preventing illicit import
and export and transfer of ownership of cultural property, “provided an international tool” that
assisted countries to “cooperate” and thwart the “damage to sites” and combat illegal “trade in
antiquities”. On 16 November 1972, during the General UNESCO conference, the World
Heritage Convention was adopted. This convention was also prompted by the philosophical
argument that some parts of the world possessed valuable heritage which needed promotion
and preservation so that future generations would benefit Slatyer (1983: 138). This upholding
of inheritance is in tandem with the UNESCO conference for the preservation of intangible
cultural heritage (ICH) of 2003. According to the 2003 convention, the protection and
preservation of tangible and intangible legacy targets heritage professionals, community
leaders, non-profit organisation staff members, and civil servants. In the current paper, the
conservation of tangible and intangible musical heritage is within the jurisdiction of chiefs as
community leadership of Zimbabwe. Three years later, the 2003 UNESCO convention for
safeguarding intangible heritage had not been approved and member states had to convene
again in May 2006. Andrews et al., (2006: 124) enlighten us that the May 2006 conference
aimed to ratify the imminent UNESCO Convention for the safeguarding of the intangible
cultural heritage, which was referred to as the 2003 convention. Angela (2002: 9) sought to:
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explore ways in which deep-rooted cultural wisdoms can be recast to generate an
organising paradigm for the sustainable custodianship of the environment, and herein
empower communities to participate more equitably in the development of the region.
Subsequently, on 20 March 2008, two “international treaties”: the UNESCO convention on the
Protection and promotion of the diversity of cultural expressions (PPDCE), and the UNESCO
convention for the Safeguarding of intangible cultural heritage (SICH), were endorsed by the
Swiss Parliament, Leimgruber (2010: 161).
Globally, member states of the UNESCO made and continue to make efforts to preserve
heritage in general, and musical legacy in particular. The Chinese Cultural Great Wall (CCGW)
of 1979, an Ethnic Folk Literature and Art Development Center was a “much-acclaimed
20year, 500 million-word project that was meant to “collect, archive, and publish folk songs,
dances…”, Sherman (2008: 223). According to the scholar, China had realised that the
intangible cultural legacy of its 56 ethnic minorities that was not documented needed to be
salved (op. cit.). In 1999, Norway established its National Library (NNL) and national music
collection and archiving was one of the mandates of this library, Christiansen (2011). Similarly,
Green (2011) informs us that Dr. Helmut Kallmann, in the Library Archives of Canada (LAC),
set up the Music Section for arching various Canadian music collections. Holmes (2011)
encapsulates that the acquisition, preservation, and documentation of Australian musical arts
became a priority since the inception of a Music Section in the National Library of Austria
(NLA) in 1973. Hood (1985: 17), on Traditional music in Botswana, “was invited to become
a member of Oral Traditions team of Botswana Society” with a niche to research on “the
culture, history, anthropology, aesthetics of the country and its people, and to record and
preserve these findings for the Government Archives” of Botswana (GAB). Among that
research team, Hood documented and archived various Tswana indigenous music genres for
different occasions for the benefit of future generations. By and large, these studies were a
result of the need to preserve musical inheritance because of possible extinction. Onyeji (2006:
23) appreciates that the: “Extinction of indigenous musical heritage is a natural part of Africa.
This comes, in part, from a lack of lasting means of documentation of musical arts by
practitioners”. On Rescue endangered folk music heritage of Nigeria: library of folk music of
Nigeria (LFMN) Onyeji (2006), discusses the gradual extinction of folk music. Various factors
are cited for such detriment such as adoption of Christianity, computer based music, and the
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notion that folk music is for the low-class people. Two years later, Onyeji (2008: 264), on
Library of folk music of Nigeria project: the current state, provides the real “picture of music
libraries in” the same state. Onyeji suggested that Nigeria should adopt a model similar to the
International Library of African Music (ILAM) of Rhodes University in South Africa which
was designed to archive indigenous African musical arts heritage, (op. cit.). The ILAM project
could be comparable with this Zimbabwean project. On the one hand, the CCGW, GAB,
ILAM, LAC, LFMN, NLA, and the NNL projects were essential schemes for documenting,
archiving, and preserving musical arts heritage. On the other hand, the question is: In what
ways do the collection and arching of tangible and intangible musical heritage by states and
institutions benefit and empower communities which own such cultural legacy? Perhaps a
question of this nature stirred the need to repatriate musical collections found in various
libraries and archives across the world.
Still-Drewett (2011), on ILAM’s archival revitalisation: the past five years at the International
Library for African Music, which was begun in 1954 by Hugh Tracey, an ethnomusicologist in
Grahamstown, South Africa, is a collection of tangible and intangible musical heritage from
sub-Saharan Africa. In 2006, Still-Drewett “was requested” by Rhodes University “authorities
to make an assessment of the library” (op. cit.: 59). Some of the report findings were: ILAM
collection was important since many of the items were unique, rare, had immense historical
significance, and were valuable for further research and education; “the collection needed to
be preserved, correctly housed, and a database of holdings created”, (ibid.: 159). On Musical
traces’ retraceable paths: the repatriation of the recorded sound, Lancefield (1998: 48),
informs us that: “In the past two decades many archives have returned copies of field recordings
to the people in the communities whose music they documented”. Similarly, Thram’s paper
entitled, After digitalisation, what next?, which she presented at the First International
Conference on African Digital Libraries and Archives, 1-3 July 2009, in Addis Ababa, Ethiopia,
proposes possible guidelines for selling, reproducing, and repatriating digital heritage.
., guidelines are particularly apt in assuring ethical standards are maintained while
dissemination of cultural heritage via the internet and other electronic media such as
CDs, DVDs, and MPs, brings benefit to its community of origin and to creators, Thram
(2009: 6).
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In this context, the researcher defines repatriation as the transportation of heritage from the
confines of expropriation to the communities of origin for the benefit of such communities.
Quoting Gray’s words
Many anticipate that the recordings will help them reclaim something that has been lost.
More often those who are knowledgeable in the traditions of their communities find it
possible to sing along with the recordings, and they receive verification that, despite all
acculturation pressures over the years, the traditions, the songs, have survived. And this
is a source of considerable pride, Gray (1991: 34).
The researcher appreciates that Gray (1991), Lancefield (1998), and Thram (2009) made
valuable contributions on repatriation of musical heritage. Perhaps a challenge that may arise
in repatriating musical knowledge property embedded in CDs, DVDs, and MPs to
communities of origin is the lack of what the researcher refers to as community based libraries
for archiving such inheritance. The desire to preserve and repatriate tangible and intangible
musical heritage is comparable with the repatriations of the Zimbabwe bird, Sarah Bartman in
South Africa, and the vigango in Kenya. Nevertheless, the UNESCO convention empowers
communities to protect and sustain their tangible and intangible cultural heritage.
Matiure’s (2013) PhD thesis that aimed to collecting and archiving mbira dzaVadzimu musical
instruments from the Shona community in Zimbabwe. The scholar’s aim was “to preserve the
cultural legacy of the Shona mbira dzaVadzimu by archiving its tangible and intangible
material culture in the context of Kurova guva and dandaro”, Matiure (2013:5). In order to
achieve this aim, the scholar “collected tangible materials” as well as “information” regarding
their role in the Kurova guva and dandaro performances, (ibid:. 253). These tangible and
intangible cultural legacies were then archived at Midlands State University of Zimbabwe.
Matiure (2013)’s project is the first one of its kind in Zimbabwe hitherto this project could be
comparable with the project models discussed earlier on: the GAB, ILAM, LAC, NLA,
NLFMN, and the NNL. The researcher asks the question that keeps on pestering the mind: In
what ways did the collection and archiving of tangible and intangible musical heritage by states
and institutions benefit and empower rural communities which owned such cultural legacy?
As earlier expressed, chiefs in Zimbabwe are the curators of cultural practices, CZR (2013:
129). Based on the UNESCO conference and Zimbabwe’s constitution, it was aim to:
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Suggest practical strategies that may be adopted and implemented to ensure that the chiefs in
Africa, and the Shangwe community people in particular, are fully engaged and empowered in
the promotion, preservation, management, and sustenance of their legends which do not only
embrace the installation rituals per se, but also a myriad of symbols, songs, and dance.
2. METHODOLOGY
The “discussion of the” ethnographic paradigm “should establish clearly that it will generate
the type of knowledge which can reasonably be expected to satisfy the aims hence the aims
should be clearly worded”, Oliver (2014: 105). In this research paper, the researcher provides
a discussion of ethnography as a methodology, inter alia the above aim and the objectives. The
objectives are to:


Discuss ways of empowering chiefs in the promotion, management, and preservation
of their heritage for rural development for posterity.



Discuss ways of harnessing indigenous arts talents and creating employment in rural
communities.

“A result can only be accepted, rejected, checked, replicated or even understood in the context
of how you got there”, Hofstee (2009: 107). In this context, getting there implies the
methodology which the researcher will use. According to Sarantakos (2005), a qualitative
research based on ethnographic paradigm provides an in-depth study, and choosing appropriate
methods will determine the validity of the outcomes. Davies (2007) concurs with Sarantakos
(2005) when he advocates that qualitative research requires the researcher to be cautious of the
methodology applied. The three scholars, Sarantakos (2005), Davies (2007), and Hofstee
(2009) are underscoring the importance of the methodology for gathering the desired data.
In order to achieve the broader aim to discuss how the current community and state
participations may be adopted in order to sustain valuable tangible and intangible heritage the
paper informed by ethnography.
By ethnography we mean the observation and description or representation of culture.
Fieldwork is the observational and experimental portion of the ethnographic process
during which the ethnomusicologist engages individuals in order to learn the music
culture, Barz and Cooley (1996: 16).
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Drawing from Barz and Cooley (1996), this ethnographic paradigm was employed to gather
pragmatic data through face-to-face interaction and interviewing of the knowledgeable culture
experts by the utilisation of audio-video filming of the dance performances. An ethnographic
account was ideal for this qualitative research. Burns and Grove (2003: 19) refer to a qualitative
approach as “a systematic subjective approach used to describe life experiences and situations
to give them meaning”. Holloway and Wheeler (2002: 30) describe a qualitative research as “a
form of social enquiry that focuses on the way people interpret and make sense of their
experience and the world in which they live”. The researcher used the qualitative approach to
explore the behaviour, opinions, experiences, and feelings of the culture owners towards the
participations of the state in installing chiefs in promoting, managing, and preserving heritage
in their areas of jurisdiction.
3. THEORETICAL FRAMEWORK
The theory of sustaining and safeguarding heritage attempts to address the “shared concern”
that the world “treasures” continue to face possible destruction and extinction such that in the
end future generations may not be able to benefit, Slatyer (1983: 138). Consequently, the
United Nations Educational, Scientific and Cultural Organisation (UNESCO)
adopted a general policy which aims to give the cultural and natural heritage a function
in the life of community and to integrate the protection of heritage into comprehensive
planning programs (ibid.: 138).
According to Erreguerena (2010: 144), in trying to implement the practical side of the theory
of guarding the “world’s legacy”, Mexico endorsed the 2001 UNESCO convention. Thereafter,
Mexico began participating in “international initiatives” in protecting “cultural heritage” (op.
cit.: 149). This was the theoretical application of the theory of preserving heritage. Titon (2009:
6) expresses that “sustainability provides a theoretical and practical framework for applied
ethnomusicology”. This model is significant for this research article which endeavours to
explore the extent to which the community-state model of installing chiefs might manage to
sustain, retain, and uphold cultural heritage. Shangwe installation rituals are one form of
cultural legacy. One major question is: In what ways may chiefs be assigned the responsibility
to preserve, protect, manage, and sustain tangible and intangible heritage in their areas of
jurisdiction?
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Based on Slatyer’s (1983) theory of sustaining and safeguarding heritage and Titon’s (2009)
applied theory of sustainability, and the above question, I propose to develop a theory: the
participant community-state theory of heritage preservation, promotion, and management for
sustainable rural development and a practical model: the community – state model of heritage
preservation,

promotion,

and

management

for

sustainable

rural

development

(CSMHPPMSRD). I would like to express that:
The practice of collecting, expropriating, documenting, and archiving rural communities’
tangible and intangible heritage is depriving these communities of their cultural legacy. If the
UNESCO, its member states, and scholars really accept that these rural communities are the
sole proprietors of their heritage, these communities should, in one way or the other, benefit
through their active participations. Instead, if the UNESCO and its member states intend to
empower rural communities to actually promote, preserve, manage, and sustain their heritage,
this organisation and its member states are not just mandated to start participating in funding
and constructing what I refer to as community based indigenous libraries (CBIL), but should
also aim to establishing community based indigenous performance centres (CBIPC) and
community based indigenous musical instruments manufacturing industries (CBIMIMI),
where those communities are formally and permanently employed by states to manage and
preserve their heritage. Indigenous industries should be hubs for manufacturing and selling
musical instruments locally and internationally.
According to the Traditional Leaders Act, Chapter 29:17 of Zimbabwe, land redistribution is
within the auspices of chiefs (2007). Based on that note, each chief has the mandate to allocate
certain hectares of land for establishment of these centres. Eventually, these centres should be
declared by the state as centres for economic development. In turn, these centres would serve
as indigenous arts industries and tourist centres which might generate part of salaries for the
workers in question. Such industries, performance centres, and libraries should be manned by
locally trained personnel who should be actively involved in manufacturing, researching,
documenting, archiving, and managing their heritage as indigenes of these rural communities.
I do not deny outside researchers from also doing research in those communities. Instead, these
etic researchers may collaboratively collect and archive such communities’ heritage. Besides,
I do not discourage the confiscating of indigenous knowledge heritage by outsider researchers
and its dissemination to the global community for consumption. But my emphasis is that of
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total community participation and empowerment in manufacturing, researching, documenting,
archiving, and managing its cultural legacy. Thus, the participant community-state theory of
heritage preservation, promotion, and management for sustainable rural development and its
practice: the community – state model of heritage preservation, promotion, and management
for sustainable rural development (CSMHPPMSRD). Named after the researcher, this model
can be referred to as the Renias Ngara Model (RenNga model) of heritage preservation,
promotion, and management for sustainable rural development.
The establishment of such industries, centres, and libraries could, in one way or the other, be
not only a practical model for promoting community development, but a form of employment
creation for the indigenes of those rural communities. Once the community people realise that
these performance centres are tourism, indigenous arts and entertainment industries where
people are formally and permanently employed, the probability of preserving and sustaining
heritage for the benefit of future generations may gradually increase. Thus, if the RenNga
model could be adopted and implemented, the model has the potential to empower current
African community people and future generations to continue participating in the preservation
of their heritage.
4. FINDINGS
The findings of this ethnographic paradigm point the following:
There is a practical gap that exists between the UNESCO and the state (the government of
Zimbabwe), through the Ministry of Rural Development, Promotion and Preservation of
National Culture and Heritage, that needs to be filled; The chiefs are not empowered to deliver
rural development in their areas of jurisdiction; The study revealed that there are underutilised
arts talents in rural communities; Our heritage faces possibilities of extinction if lasting
solutions are not sought out. And collaborative research should be done by emic researchers
and rural communities in question.
5. DISCUSSION
The 2003 UNESCO conversion advocates the preservation of heritage whereas the 2013
constitution of Zimbabwe places chiefs at the helm of preservation and promotion of heritage
in their areas of jurisdiction. Besides, the Traditional Leaders Act, Chapter 29:17 of Zimbabwe
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entrusts land redistribution within the auspices of chiefs (2007). Yet findings reveal that chiefs
are not fully empowered to deliver rural development in their areas of dominion. Therefore,
there is a practical gap that exists between the UNESCO and the state that needs to be filled.
As expressed earlier on under theoretical framework, each chief should allocate a certain piece
of land for the construction and establishment of indigenous arts industries that are manned by
local trained personnel. These two parties and/or organs should be actively involved in funding
the construction and establishments of what the researcher earlier on described as not only
community based indigenous libraries (CBIL), but should also aim to establishing community
based indigenous performance centres (CBIPC) and community based indigenous musical
instruments manufacturing industries (CBIMIMI), where those communities are formally and
permanently employed by states to manage and preserve their heritage. In the long run, these
indigenous industries will grow into hubs for manufacturing and selling musical instruments
locally and internationally.
China, having realised that its tangible and intangible heritage was facing challenges of
extermination established the Chinese Cultural Great Wall (CCGW) of 1979, an Ethnic Folk
Literature and Art Development Center was a “much-acclaimed 20year, 500 million-word
project that was meant to “collect, archive, and publish folk songs, dances…”, Sherman (2008:
223). Subsequently, similar projects such as GAB, ILAM, NLFMN, and the NNL were Western
models meant to disempower African rural communities by expropriating and archiving their
heritage for the colonial master’s benefit.
Onyeji (2006: 23) appreciates that the: “Extinction of indigenous musical heritage is a natural
part of Africa. This comes, in part, from a lack of lasting means of documentation of musical
arts by practitioners”. The study revealed that there are underutilised arts talents in rural
communities. The establishment of performance centres that act as tourists’ attraction centres
could be one way of promoting artists who are based in rural communities. The revenues
provided by tourists should form part of the salaries of these artists. Besides, artists who are
talented in manufacturing musical instruments should be encouraged to establish indigenous
arts industries. These instruments should be sold locally and internationally. In addition, artists
should be formally and permanently employed by state in order to work in their localities. Such
performance centres do not only bring about rural development and employment creation, but
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boost the economy of the country. Establishment and construction performance centres could
be one way of promoting the management and sustainability of heritage from extinction.
6. CONCLUSION(S)
As highlighted in this research article, the participant community-state model has the potential
for promoting and preserving heritage for posterity. Chiefs should Establishment and
construction of indigenous arts industries will go a long way in creating employment and
enhancing the economy of the country. Such projects are not only meant to bring about rural
development but would also empower indigenous people to promote, manage, and preserve
their heritage.
7. RECOMMENDATIONS
This applied ethnomusicological research makes the following recommendations: Indigenous
arts talents may be harnessed to establish what may be referred to as community based
indigenous instruments manufacturing industries (CBIMI) for the betterment of the lives of
these communities. Community based performance centres (CBPC) and community based
indigenous libraries (CBIL) may be fully established in order to create employment for these
communities. The researcher proposes a practical model: the participant community-State
model for the preservation, and management of heritage for sustainable rural development
(PCSMPMHSRD), the RenNga model. I propose that the UNESCO and the state, through the
Ministry in question, should empower chiefs to promote, preserve, and manage their heritage
through collaborative participations.
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ABSTRACT
It is vital for developing country governments to build their citizens’ productive capacities to
create and sustain economic growth. Economic developments ensure good standards of living
for the people. Music is not mere entertainment; it can be a tool for development. However,
Zimbabwe lacks music infrastructure and that retards development of music tourism and
economy of the artists and tourism business in general. This paper engages in a discourse on
community development in building infrastructure for music tourism in Zimbabwe. The
researcher embraces the modernisation theory in development. The survey shows that music
tourism help create a tourism sector with variety and attractive to tourists, music is a
developmental tool that brings multiple dividends to the economy. The study recommends
Zimbabwe to embrace ideas on building modern infrastructure, host more music carnivals,
concerts and indigenous music festivals to develop an entertainment sector with export
capabilities, improve productivity and revenue generation.
Key Words: community development, festivals, infrastructure, music, tourism
1. INTRODUCTION
For many developing countries it is paramount for governments to build up their citizens’
productive capacities with intent to deliver and sustain economic growth, Haynes (2008).
Building modern infrastructure and creation of more employment opportunities ensure
dependable standards of living for the citizens. This paper focuses on infrastructure
development in the form of concert halls, music arenas or any other ideal music venues, and
the necessary exponential technologies to promote music tourism in Zimbabwe. Music tourism
is one way countries can exploit to create employment, generate revenue, market other tourism
products and develop communities.
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However, the above referred concept has not received much attention yet in Zimbabwe.
Developing infrastructure for music tourism help shape the social, political, economic and
cultural outlook of the communities being developed in one way or another. Zimbabwe has a
wide array of music which if well positioned and packaged in the right place will have a
desirable and competitive advantage. Music tourism although not very clearly defined in
Zimbabwe, is known in other countries to contribute immensely to their economic growth. Ray
et al., (2015, p.XX) postulate that economic growth is one of the principal objectives of the
developing world.
However, the precondition for attaining economic growth is the availability of infrastructure.
Infrastructure is considered as the ‘wheel’, if not the ‘engine’ of development, Ray ibid. Lack
of infrastructure consequently impede economic growth and affects different facets of
development such as the country’s social security, sustainable economic growth and business
environments. The contribution of music tourism has been revenue generation, socialization,
attracting international media, research, and most importantly infrastructure development.
Nurse (2011, p.xi) proffers, that music is a cost effective means to gain media exposure
(publicity). Music tourism however in many cases reflects the availability of adequate
infrastructure in the form of concert halls, music arenas or any other ideal music venues, unlike
the few dilapidated and underutilized community halls in many Zimbabwean towns and cities.
Suitable infrastructure more often portrays the image of communities regardless of them being
of good or bad state. Outside London, in Liverpool, Manchester, and Glasgow as heralded in
the UK music report (2013) the impact of music tourism is reported to be just as noticeable.
Hosting music festivals has the capacity to sustain other businesses such as catering,
communication, transport and hotels. A deliberate move by various stakeholders and the
Ministry of Tourism and Hospitality to set up infrastructure that promote hosting of mega
musical events can go a long way in creating employment as well as promoting the arts and
tourism in Zimbabwe. The point alluded to is one way that can also market the tourism of
Zimbabwe. It could be reasonable for the Government or other stakeholders to avoid wasting
funds in building infrastructure that may not be subjected to regular use for festivals or other
musical events and other productive purposes. In South Africa for example the Coca-Cola
Dome (now Ticket Pro), has become a very popular venue for hosting arts programs. The O2
Arena, a large entertainment district on the Greenwich Peninsula in South East London,
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England, has an indoor arena, a music club, a Cineworld cinema, an exhibition space, piazzas,
bars and restaurants is one state of the art arena with multiple purposes. In the UK, every year
they host some of the most exciting gigs, concerts and events in the world and these are being
held in many world class and renowned venues and festival sites (Dipple 2013:6). It is against
this background that the researcher explores the importance of infrastructure development for
music tourism towards developing communities in Zimbabwe.
The purpose of this survey is to engage in an analysis on the importance of infrastructure
development in music tourism towards developing communities in Zimbabwe. The researcher
mainly explores the importance of developing communities through constructing modern
infrastructure for musical events across Zimbabwe to promote music tourism. Zimbabwe lacks
music infrastructure that can allow for the hosting of mega music festivals, gigs or concerts.
The few available venues are small capacitated bars and community halls some exhausted if
not dilapidated, lacking modern equipment and are not attractive to host international mega
music festivals. Zimbabwe needs a paradigm shift from overlooking music tourism as a
potential tourism package and develop modern music venues to harness competitive advantage
on the global tourism market. Lack of infrastructures has led some promoters to lose a lot of
money from shows hosted in open spaces lacking proper security systems. Not only that, it has
also resulted in little or no hosting of these events resulting in people lacking world class
entertainment, loss of job opportunities and reduced revenue collection for both local and the
business community.
The purpose of this paper is to give an analysis on the importance of infrastructure development
in music tourism towards developing communities in Zimbabwe. Hence the following
objectives are envisaged for the study:
1. Ascertain the state of infrastructure available for music tourism in Zimbabwe.
2. Investigate the kind of infrastructure required for effective music tourism in Zimbabwe.
3. Analyse how best the infrastructure development can be financed
4. Evaluate how communities benefit from these infrastructures during and after music
events.
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2. MUSIC TOURISM
In line with the definitions of ‘overseas music tourist’, and ‘domestic music tourist’ by Blake
(n.d:4), music tourism can be referred to as an act of visiting a location for some music event.
Music tourism involves both small and large capacity music events that attract tourists however
it is not currently a defined tourism segment within the tourism industry. These events can be
in the form of concerts, gigs, or festivals including, live music events such as street carnivals
for as long as music is a significant element.
Internationally, visits to concerts and gigs are usually the largest element in music tourism.
However, research indicates that these gigs and concerts usually attract more of the domestic
music tourists than inbound tourists. This is because of the nature and size of the events
resulting in so many concerts held than festivals the world over. Blake (n.d:10) further add that
visitors to concerts spend less money than visitors to festivals, one of the reasons being that
festivals are usually held for a number of days as opposed to gigs or concerts. However, with
proper planning people can come from across the world to attend mega music events as
evidenced in the week long Harare International Carnival held from the 12th to the 19th of
September 2015 in Zimbabwe. In some countries music tourism is making an impact towards
the countries’ economies.
Throughout the Caribbean Islands festival tourism has gained prominence in their calendar and
this has become part of their life. Nurse (2011:11) indicates that high caliber music festivals
have an upmarket appeal, attract international media and have proved to be a cost effective
means to gain media exposure (publicity) in favor of the image and attractiveness of a tourist
destination. Such evidence gives confidence that music tourism has the potential to generate
new tourism demands for Zimbabwe. In terms of revenue, festivals have a potential to generate
more revenue. Bearing the same notion is Nurse ibid who also accepts that festival tourists are
quite knowledgeable about the art forms, the region’s culture and its history. Inbound festival
tourists’ spending habits are such that they tend to stay longer and spend more money on local
goods and services than conventional tourists.
However, such festivals or concerts would also call for bigger and better infrastructure that
meet the world competitive standards and are suitable for these musical performances to
generate sustainable revenues. Perhaps Zimbabwe needs to embrace such ideas of building
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modern and better developed venues and venture into hosting more of Carnivals and indigenous
music festivals as a way of developing a Zimbabwean entertainment sector with export
capabilities. The 1Murehwa Culture Centre (MCC) is about the only place with a bias towards
music tourism among other arts related tourist attractions in Zimbabwe. For a country like
Zimbabwe that MCC is not enough and for that the government is therefore challenged to put
more effort to build more culture centers that bears the potential to attract tourists from across
the globe. Such efforts could result in more infrastructure development, heritage conservation
and more investment into the arts.
3. MUSIC IN THE TOURISM INDUSTRY OF ZIMBABWE
In Zimbabwe traditional dance groups have become a big entertainment source in tourist
destinations. Perhaps these music can be made a tourist attraction own their own. Some African
scholars, for example Akama (2002) and Mutana and Zinyemba (2013) have taken noble moves
to promote cultural tourism in Africa, a commitment to address a “neglected” area of Africa’s
development. Cultural tourism is believed to have a potential to contribute to different
countries’ economies but also to substantially uplift the standards of life of the people of the
region, through their participation in this fast growing industry, (Abungo, 2002:9).
According to Akama (2002:14), it is true that despite Africa’s important position as an
emerging tourist destination Zimbabwe included, with great potential, a lot of attention has
been placed on the development of mass tourism, with such tourism products such as wildlife
and beach tourism. The rich and diverse indigenous African culture is believed to have been
hardly seen as a potential tourism resource. Of interest is that music as, and an element of
culture is believed to be a main ‘pull factor’ which influences visitors’ initial decision to travel
to destinations in different parts of the world. With such evidence it is safe to note that the
development of cultural tourism in Zimbabwe should take into consideration the fact that our
music culture relates to tourism. Talking about a living culture of the Zimbabwean people
concerns the art performances and dance as well as the contemporary ways of life of the
indigenous Zimbabwean communities.

1

Murewa Culture Centre, established in 1984 in Murewa is a model facility for the arts and culture promotion and
development as well as a responsive initiative to the cultural policy of Zimbabwe.
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Akama (2002:14) argues that Africa has a “latent comparative advantage basing on the fact that
most of African culture is the living heritage of the contemporary African people with their
diverse art performances, dance among other forms”. Zimbabwe should take advantage of the
talent it has, music cultures and promote music tourism in a way that develops communities.
Furthermore, evidence by Greffe (2002) shows that music like any other art is a product in the
heritage tourism, and tourism is becoming more and more dependent on artistic activities and
resources.
However, music has ever been and is still an entertainment source in the tourism industry of
Zimbabwe. Evidence has been shown in the collage of pictures in the 2Herald of October 14,
2013. On the picture are different music groups who graced the 6th edition of
Sanganai/Hlanganani Travel and Tourism Africa Fair as part of the variety entertainment
activities that was lined for the day. The ZTA organises some of the most famous and popular
festivities in the country which include music as a source of entertainment. These include the
Harare International Carnival which had its inaugural edition in 2014, and the
Sanganai/Hlanganani Travel Expo. Perhaps with adequate and proper music infrastructure such
above mentioned festivities and other international music festivals can be held around
Zimbabwe.
4. COMMUNITY DEVELOPMENT
Though a broad topic, community development is a process involving all community members.
Convaye (n.d) says community development improves the context of a community, not just
economically, but also as strong functioning community itself. This is still a gap which can be
developed and achieve functional communities in Zimbabwe in the area of music tourism since
music is a powerful means of bringing people together.
Members of the community can venture into hosting different music tourism projects.
Community music tourism projects have the capacity to attract both the local and inbound
tourists. Our ability to attracting more inbound tourist would result in more foreign currency
generation. The Minister of Tourism and Hospitality, Engineer Mzembi (2011) highlights in
his report published in the Herald of April that, “our international tourism efforts are just as
important as the domestic tourism efforts”. However, when it comes to revenue earnings the
22

The Herald Newspaper, Monday14 October 2013, the Sanganai/ Hlanganani Travel and Tourism Africa Fair.
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minister acknowledged that international tourism is of high importance. There is need for
creating more activities that attract international tourists.
5. METHODOLOGICAL AND THEORETICAL FRAMEWORK
This research employed a survey method of inquiry which Creswell (2009:13) describes as
both quantitative and qualitative in nature. A qualitative survey paradigm in this case is used to
have an in-depth descriptive analysis of the state of the infrastructure for music tourism in
Zimbabwe. However, such a research strategy does not aim to establish frequencies. The
research targets the arts and tourism practitioners in Harare. A total of 35 purposively sampled
participants from the tourism and arts industries participated in the survey. To gather data, the
researcher made use of the questionnaire, focus group discussion guide, observation guide and
a guide for semi structured interviews. For collecting data in this research, the researcher
combined semi structured, and face to face interviews in addition to analysis of historical and
current documents and systems and questionnaires. The use of multiple methods in this
research is based on Gray (2009)’s notation that triangulation helps to reduce errors and bias.
The use of qualitative paradigm is based on the idea that such a research strategy allows one to
interact with informants allowing the researcher to observe and record the processes of decision
making and social practices.
The study began by having document analysis to identify gaps and areas that needed clarity for
response. Following this was a focus group discussion made up of twelve artists and tourism
informers guided by a discussion guide. After the focus group discussion, it was followed by
two semi-structured interviews one of which involved a tourism lecturer at the University of
Zimbabwe. The researcher also followed and observed some music events in Harare guided by
an observational guide. Later was a distribution of a set of open ended questionnaires to the
tourism and music informers. A set of twenty questionnaires were distributed among hotels in
Harare, Zimbabwe Tourism Authority, the arts council, musicians, and music educators. Lastly
was an interview at the Ministry of Tourism and Hospitality in Harare guided by an interview
guide designed for the ministry. After data was collected through interviews, focus group
discussion and observations, some content analysis was done to analyse data generated from
the research for generalisation. For this study the data collected was analysed guided by the
research objectives given above to bring in logical meaning.
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This study adopts the modernisation theory in development. Haynes (2008:21) expresses the
modernisation theory which focuses on domestic factors underscoring two main standpoints
thus:
❖ Governments of developing countries are interested in increasing their countries
wealth by enlarging their productive capacities.
❖ Increasing differentiation and complexity in available roles in developing societies.
A move by the government or other interested parties to build more and modern infrastructure
for entertainment in both urban and rural areas can help create a new tourism demand in
Zimbabwe. This will at the same time reduce juvenile delinquencies in the communities with
unemployed youths who are also starved of entertainment. It can also create employment,
complement other businesses in the tourism industry and give a new look of these communities.
Planned development of infrastructure could also make way for the platforms for art
development in communities. If properly planned and managed as postulated by the United
States Department of Agriculture: Natural Resources Conservation Service (n.d) land,
buildings that are located near historic or cultural significant sites may provide landowners
with new income opportunities. The music industry has now entered into survival mode
through the recurrent economic crises in Zimbabwe and the world over. Despite the state of
Zimbabwe’s economy characterised by deteriorating macro-economic fundamentals the music
industry has survived and can be said to be the only industry which when other industries
realised high retrenchments it created employment for many. Mhiripiri (2010:210) shares the
same notion as above and extends the view that “even though not spared from a myriad
problems caused by the political and economic crisis the music industry has persevered against
all odds, creating its own ‘star’ music personalities and hit records, while continuing to attract
significant media attention.” Zimbabwe has a bulk talent, however there is a lack of creative
spaces and exposure to developing the talent. It is in such venues referred above that music
artists would expose themselves and create some activity for the tourism in Zimbabwe.
Some research as discussed in the preceding paragraphs shows that tourism the world over is
becoming more and more dependent on artistic activities and resources, among these is music.
Nurse (2011:11) in his findings posits that music has become a cost effective means to gain
media publicity which usually translates into a positive sell point (marketing) of other tourism
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products. Mutana and Zinyemba (2013:2) pointed that though tourism has started gaining
momentum after the Global political agreement between political parties in Zimbabwe, they
have shown the need to attract higher spending tourists in Zimbabwe. Music tourism helps to
attract these much needed higher spending tourists. It also allows for the tourists to have a
closer interaction with the communities in the countries visited.
6. RESEARCH FINDINGS
Basing on the data collected from the interviews, questionnaires distributed, focus group
discussion and related literature data. Results of the study show that Zimbabwe lacks music
tourism infrastructure to accommodate both small and big music tourism events; a more wide
music tourism package help create a tourism sector with variety and that is more attractive to
both local and inbound tourists; music tourism help create jobs, supports development of
community facilities and services, market other tourism products, help attract higher spending
tourists; the available small capacitated venues needs more parking spaces as well as improve
on stage sizes, lighting and sound equipment.
In addition to that, the study suggests financing strategies which include public funds, public
and private sector partnerships, government grants, foreign direct investments, institutional
investor sector financing and involvement of the corporate world for financing the much
needed music infrastructure. These and other findings of this study are further discussed under
subheadings music and venues in Zimbabwe, music and development, financing infrastructure
development, and value of music tourism guided by the research objectives to bring in logical
meaning.
6.1 Music and venues in Zimbabwe
Personal experience, information from the participants in the survey conducted showed that
music performances in Zimbabwe have basically been highly concentrated in bars and
churches. Churches, bars, the stadia and open spaces have become places for music
performances. Since 1980 when Zimbabwe got independence little has been put in place to
construct infrastructure for music performances. It is for the above reason that as a nation music
tourism has not been perceived as a significant sector that has a potential to significantly
contribute to the national GDP.
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A dream to have an effervescent Zimbabwean music industry with export capabilities can be a
reality. Music holds so much value and contributes greatly in the tourism sector. It has been
drawn from this research that building modern infrastructures in Zimbabwe can bring up to the
Zimbabwean tourism sector with variety and that is more attractive to both local and inbound
tourists. Significant revenues were reported by Blake (n.d) to have been recorded in the UK for
musical activities held in better music arenas. The O2 Music Arena and the Coca Cola Dome
(Now Ticket Pro) in our neighboring South Africa are such facilities that can help achieve such
significant revenues given their carrying capacities and attractiveness.
In a group discussion at a workshop held by the British Council in partnership with the Hip
Hop Shakespear Company in Harare as part of the youth engagement and education, it was
noted that the problems that Zimbabwe lacks infrastructure for music performances were
brought up. It was highlighted that music performances have been based in bars and a few
community halls that are not specifically designed for music performances. From the survey I
observed that the small capacitated bars and community halls do not have enough parking space
thus restricting some other people from attending the shows. Some of these places do not have
designated stages for music performances, they also lack supporting exponential technologies
and the spaces to host small and bigger events. The above scenario compromises the quality of
music, the calibre of patrons who attend the live performances and revenue generation.
This survey shows that one of the activities that attract higher spending tourists is music
tourism. Zimbabwe needs the high spending tourists at the moment. Of interest is the Tourism
and Hospitality Minister’s statement that, “our tourism must consist of all our cultural elements,
our music, dance…”, however for effective music activities there is need of proper
infrastructure if Zimbabwe is to benefit like it what is happening in the UK, or our neighboring
South Africa among other countries with notable music infrastructure. Evidence from the
survey indicates that music has had a solid place in the tourism industry but mainly as
entertainment source.
6.2 Music and development in Zimbabwe
Music tourism when fully exploited has the capacity to develop communities economically,
socially, and physically. It is one of sustainable tourism investments for our local communities
that can also help leverage Zimbabwe’s economy. About 90% of the informants in the survey
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through open ended questionnaires pointed out that Zimbabwe lacks ideal infrastructures in the
form of music venues, adequate parking area, roads, ablution facilities and the supporting
exponential technologies. If Zimbabwe is to earn more revenues from music activities
(festivals) the issues alluded to in the above point needs to be addressed. Concerts and gigs
have so far only been in favor of local music tourism migrations.
In an interview on the 22nd of March 2016, a representative of the Ministry of Tourism and
Hospitality in the Department of Domestic Tourism mentioned that it is the ministry’s role to
develop policies and strategies that enhance the development of the tourism sector. Through
the Department of Domestic tourism the ministry is mandated to develop tourism in the
communities to ensure that everyone participates in that sector through tourism based projects.
The interview further highlights that after the government of national unity (GNU) it was one
of the ministry’s policies to develop infrastructure ideal to promote tourism throughout the
tourism supply chain. The component of community development through building
infrastructure for music tourism has however not been a focal point for the ministry. Another
respondent, in the Department of Domestic Tourism acknowledged that music tourism can be
an area that can also help improve tourism in Zimbabwe although little has been done to
construct such infrastructures for music tourism due to financial constraints. The ministry has
developed a domestic tourism strategy that has mainly been meant for the local tourists through
provincial week long music festivals. This proposal for a strategy has not had any funding to
date and remains on the cards.
Zimbabwe needs to exponentially increase the international arrivals even though the major
setback in doing that as a nation is limited and exhausted tourism infrastructure. The survey
shows that the public sector, preferably in partnership with the private sector, plays a role in
the development of such infrastructures referred to in the above discussion. Indeed, since the
state built such infrastructures like the Sheraton Hotel/ Harare International Conference Centre
(HICC) now Rainbow Towers, some stadia including the National Sports Stadium, there has
not been any such further developments in Zimbabwe since 1980. For this reason, such
infrastructure is critical for mega-events which in turn drive international arrivals and increase
tourism receipts.
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6.3 Financing infrastructure development
Information gathered from this survey proffered possible solutions to financing infrastructure
development for music tourism. Strategies to finance include, public funds, public and private
sector partnerships, government grants, foreign direct investments, institutional investor sector
financing and involvement of the corporate world. A respondent in a focus group discussion
suggests that the government should refurbish old structures. In support of the same idea is
Terril (2015) suggesting that it does not always involve new buildings, a starting point will be
that of communities to renovate or rather repurpose abandoned infrastructures. Traditionally,
infrastructure investments have been financed through public funds. Basing on the
Organisation for Economic Co-operation and Development (OECD) report (2015), the
governments are the main actors, given the inherent public good nature of infrastructure and
the positive externalities often generated by such facilities. The government can have this as a
starting point and set aside funds that could be directed towards refurbishing infrastructure.
This can be a much cheaper and cost effective method of bringing development and progress
into music and tourism industries. Across Zimbabwe there are a number of the above referred
notable structures that can be turned into valuable entertainment hubs. Some of the problems
associated with financing infrastructure development are public deficits, increased public debts
to the GDP ratios and the inability of the public sector to deliver efficient investments spending,
other alternative means to finance these projects should be made available.
Engaging the private sector in infrastructure development can be an effective means since
government service provision is always underfunded due to the shrinking fiscal space. Funders
can be private individuals or organisations willing to invest. Through branding like what is
done with the Vodafone and the O2 brands, it can be a strategic way to fund development of
world class infrastructure. Zimbabwe can endorse the same strategies and bring success stories
in building state of the art infrastructure for music tourism.
The OECD report (2015) also suggests use of institutional investor sector to support
infrastructure development. These refer to entities which pool money to purchase securities,
real property, and other investment assets or originate loans. Institutional investors include
banks, insurance companies, pensions, hedge funds, investment advisors, endowments, and
mutual funds. The above could be possible ways to finance infrastructure given the long term
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nature of the liabilities for many types of institutional investors and their corresponding need
for suitable long term assets as also highlighted by the OECD report (2015:7).
Another respondent in a focus group discussion suggested that outside Zimbabwe there are
individuals and companies willing and have the resources to invest in the arts. Inviting direct
foreign investment is another way that can help build the capacity needed infrastructures for
music tourism.
6.4 Value of music tourism
Music tourism in its capacity has been generating billions of dollars for some countries every
year across the globe as indicated at the onset of this discourse. It is not easy to quantify the
contribution of music to other sectors, even though it contributes significantly to tourism.
Talking of music tourism, it includes live music scenes, music festivals and historical music
land marks. So far major festivals internationally have been drawing large numbers of tourists
from across the globe and substantially generating significant revenues. It is all about strategy
as Terill (2015) says some cities have all-inclusive music tourism strategies that involve music
based branding, promotional campaigns, social media strategies, music infrastructure
investment, signage and programming. The value of music tourism is that it brings multiple
dividends to an economy. Music tourism helps advancing artistic and cultural growth as well
as tourism spending. It is sensible to encourage the municipalities in Zimbabwean towns and
cities to tap into the power of our local music to create more cohesive, vibrant and wealthy
communities via music tourism.
As highlighted by a tourism respondent in focus group discussion going the music tourism way
is a logical and noble way of leveraging other economic activities related or unrelated but
connected to music tourism. Music tourism can benefit job creation, tourism development,
economic and artistic growth and also strengthens a city’s brand. Evidence to show the value
of music tourism include the Nashville music industry which Terrill (2015) says it helped
sustain more than 56000 local jobs contributing US$5.5 billion to their local economy. In UK
music was estimated in 2013 to have directly contributed GBP 3.8 billion to the UK economy
and directly employed 111 000 people, (UK music report, 2013). “In Melbourne, the 2012
census found that the live music sector alone generated over AUD 1 billion in spending and
supported the equivalent of 116 000 annual full time jobs”, (Terril, 2015).
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Another respondent in an unstructured interview in Borrowdale noted that socially music
tourism can also help develop strong and stable communities in Zimbabwe. The respondent
argued that

through music events or festivities that draw both local and inbound tourists

organized by the locals for tourism purposes. The locals’ hospitality endeavors contribute to
the social vitality of the community. In addition to these events bringing people together, they
also result in job creation and revenue generation. This is some kind of incentive to help reduce
rural to urban migration.
This paper sought to preach the gospel of infrastructure development with intent to create
vibrant music tourism, and community development in Zimbabwe, and hence improve the
national GDP. One tourism practitioner in an open ended questionnaire stated that Music
tourism supports the development of community facilities and services. This will bring higher
living standards into the rural areas. Furthermore, there will be upgraded transportation and
communication infrastructure, restaurants and many other complementing public spaces.
Music tourism comes with some cultural benefits which could include some kind of revaluation
of culture and traditions. Sustainable music tourism efforts have the potential to boost the
recovery, preservation and transmission of the Zimbabwean cultural and historical music
traditions. This to a larger extent as commented in a focus group discussion held, help protect
national heritage and development of our Zimbabwean culture and other arts.
It is important to acknowledge that to some extent music tourism can help raise awareness to
the local people of the value of local cultural sites. In addition to that, it also stimulates a sense
of ownership and pride in our heritage and interest in its conversation. An example of a mega
indigenous music event can be held in Masvingo at the Great Zimbabwe monuments. For local
people it will help instil a sense of pride in what belongs to us as the citizens of Zimbabwe. In
some way this would also help change some locals’ perceptions on local music cultures and
traditions.
Most importantly is the political confidence as a benefit of music tourism to Zimbabwe.
Evidence from the survey show that music tourism can help rebrand Zimbabwe. This could be
through the outsiders’ perception of our country on the global market, to establish and
strengthen public diplomacy, stimulating foreign investments and exports. Travelling generally
according to the report by Philips and Faulkner (2011) is a catalyst for peace. This is possible
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as travelling is said to bring people into contact with each other, thus helping to foster
understanding between ‘peoples’ and ‘cultures’ providing cultural exchange between the host
and the guests from far and wide
7. RECOMMENDATIONS
Popescu and Corbos (2012:25) acknowledges that festivals help promoting the areas in which
they are hosted, attract numerous tourist, and can be regarded as a new type of tourism. Music
tourism has the potential to generate new tourism demands for Zimbabwe. It is recommended
that Zimbabwe host more music carnivals, concerts and indigenous music festivals as to
develop an entertainment sector with export capabilities, improve productivity and revenue
generation.
Zimbabwe lacks ideal music infrastructure that can allow for the hosting of mega music
festivals, gigs or concerts. This study recommends that bigger modern infrastructures with
parking spaces, ablution facilities, supporting exponential technologies, designated festival
sites having modern stages with adequate lighting and modern equipment, are required to
increase the productivity, revenue generation and sustainably developing communities in
Zimbabwe. Such strategies help communities benefit in development of art (music),
infrastructure, employment and entertainment.
Christie and Crompton (2001a) cited in Mutana and Zinyemba (2013:104) suggest that African
governments should play a leading role in tourism development through providing regulatory
frameworks that ensure economic, environmental and cultural sustainability as well as poverty
alleviation and social inclusion.
Hosting of mega events, be it in and close to monuments, in a city or town is a good and fast
way of generating revenue in the tourism industry. Though this can be an effective way of
marketing the heritage and other tourism products, this study also recommends that the hosting
of these events needs to be handled with caution for they can be counter-productive. Otherwise
the revenue generated might not be enough to fix any damages that might be caused to property
and the environment. Also damages to the monuments might also lead to loss of value of the
monument to an extent of destroying it.
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It is further recommended that a properly constituted research be undertaken to assess the needs
and requirements for Zimbabwe to create a vibrant music tourism package.
8. CONCLUSION
There is need of embracing music tourism in the tourism industry of Zimbabwe which relied
mostly on mass tourism to help create a tourism industry with variety and sustainably develop
communities. Music tourism can create new tourism demands for destinations like Zimbabwe
especially when more modern and bigger infrastructures have been developed. The
infrastructure can be in the form of music arenas, concert halls, culture centers, festival sites,
strategic connecting roads as well as the supporting exponential technologies. During and after
construction of these infrastructures more employment could be created. Zimbabwe as a
developing nation needs to embrace ideas on building modern, and better infrastructure, and
venture into hosting more of carnivals, concerts and high calibre indigenous music festivals as
a way to develop an entertainment sector with export capabilities. Such music events can create
invaluable opportunities for the local musicians. Any consideration to other community tourism
activities will further add value.
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ABSTRACT
Infusion of entrepreneurship into education has been a welcome idea to the global community
in the last few decades despite difficulties associated with resource constraints. African
governments have put in place policy measures to foster entrepreneurship. While other
countries have included engendering entrepreneurship education as part of their policy,
Botswana has not taken a deliberate move to ensure that tertiary institutions have
entrepreneurship education in their curricular. Infusing entrepreneurship into education has
been envisaged as likely to produce graduates who can create innovative ventures that can grow
and add value. The paper reports on the results of a survey involving 6 tertiary institutions in
Botswana, which identified a number of aspects that could be incorporated into the curricula
of the country’s tertiary education institutions. The findings revealed that entrepreneurship
education is lacking in tertiary institutions. The results will help policy makers and educators
in Botswana in reducing unemployment.
Key Words: entrepreneurship; intrapreneurship; Botswana; Policy; Tertiary institutions
1. INTRODUCTION
Entrepreneurship education and training programs have been commonplace in many parts of
the world in the past few years, as such programs are believed to impart entrepreneurial skills
and attitudes in students (Valerio, et al, 2014).(1) Entrepreneurship has attracted many due to its
role as a catalyst to economic and social development which are seen through economic
growth, innovation, employment, and equity (Munemo, 2012; Shrivastava & Shrivastava,
2015; Valerio, et al, 2014).(2,3,1) Policymakers and students alike have become interested in the
subject as it is considered as a function of success. Entrepreneurial skills can be applied both
in the formal and informal sectors (Valerio, et al, 2014).(1)
Africa is cited as having the lowest rate of entrepreneurial development and the highest rates
of poverty and unemployment in comparison to the rest of the world (Naude, 2011; Valerio, et
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al, 2014)

(4,2)

and this has led to most of its governments developing and implementing such

policies as are expected to promote entrepreneurial skills within their countries (Muranda, et
al, 2011).(5) This is with the understanding that there is a positive correlation between
entrepreneurial development and the country’s economic development.
In both industrialised and industrialising countries policies have included making
entrepreneurship part of the curriculum at schools and institutions of higher learning (Gerba,
2012).(6) This is in an attempt to educate and develop students for an entrepreneurial career and
to equip them with the necessary skills and competences to compete in a rapidly globalizing
marketplace (Nabi & Holden, 2008).(7) In this case some institutions have infused the theme of
entrepreneurship in the curriculum while others have preferred to offer it as a stand-alone
training program. It is not yet clear which of the methods yields better results as in some African
countries like Nigeria and Ethiopia there were still weaknesses in the implementation of the
program (Gerba, 2012; Esene, 2015).(6, 8)
Botswana, in its response to general unemployment and underemployment, is among the
countries that have designed programs and polices meant to promote entrepreneurial
development (Assan, 2012).(9) The programs are cascaded to the citizens through such
government owned institutions as Citizen Entrepreneurial Development Agency (CEDA),
Local Enterprise Authority (LEA), the Botswana Investment and Trade Centre (BITC), the
National Development Bank (NDB) and the Botswana Development Corporation (BDC)
(Themba 2015).(10) The enterprises funded by CEDA have not however been seen to be yielding
the expected results. While a number of reasons are cited, it would appear that they are linked
to lack of entrepreneurial training and education (Themba 2015).(10)
On account of failure of entrepreneurship programs in Botswana while similar programs are
seen improving skills in countries that have infused entrepreneurship in education, this study
attempted to identify those skills crucially needed to run successful enterprises in Botswana.
Methods of engendering entrepreneurial education have been recommended as well.
The terms entrepreneurship and intrapreneurship are defined in the next paragraphs.
Entrepreneurship is an undertaking which leads to the creation and management of a
new venture designed in order to pursue a unique, innovative opportunity (Hindle &
Rushworth, 2000).(11) It is basically centered on using certain skills to create new
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business (Nixon, 2004).(12) It entails identifying opportunity, developing business, selfemployment, venture creation and growth (Fayolle & Gailly, 2015; Mwasalwiba).(13,14)
Within the context of entrepreneurship education it is noted that whatever definition
is used would seriously affect objectives in education, audiences targeted, course
content design, teaching methods and student assessment procedures (Fayolle & Gailly,
2015; Mwasalwiba) .(13,14)
Intrapreneurship is the art of working within an organisation to effect change, by
developing new ideas, procedures or products, by innovating practice and thereby
enhancing the business (Shane & Venkataraman, 2000).(15) Literature further indicates
that entrepreneurship does not have to include the creation of new organizations, it can
also occur in existing organisations. However, this description of entrepreneurship is
what some authors have defined as intrapreneurship.
1.1 Entrepreneurial skills
Although it has been debated whether entrepreneurial characteristics are inborn or developed,
recent findings support the idea that psychological attributes associated with entrepreneurship
can be culturally and experientially acquired (Kee, 2008) .(17 Entrepreneurship is a very broad
term encompassing a set of skills that include creativity, opportunism, taking risks, problemsolving, research and enquiry, and team working King, 2006.(18) Entrepreneurial competencies
are also defined as knowledge, skills and attitudes that affect the willingness and ability to
perform the entrepreneurial job for new value creation. This definition is seen to align with
much of the literature on competencies in general as well as on entrepreneurial
competencies.(19) Entrepreneurship entails business skills; marketing and product design,
market research, investment skills and people management skills. It also encompasses
entrepreneurial traits; opportunity recognition, idea generation or creativity, risk taking and
critical thinking.(17)
1.2 Envisaged role of entrepreneurship in economic development
Entrepreneurship is often regarded as a pivotal tool that is a conduit of transformation of a
country’s economy from a developing one to a developed one.(20) This is arrived at through
facilitating the structural transformation of countries from low-income, factor driven societies,
into high-income technology based societies (Naudé, 2011).(4) Van Praag and Versloot(21)
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further identified economic benefits of entrepreneurship as employment generation,
innovation, productivity and growth; and increasing individuals’ utility levels.
Matlay(22) added that reduced unemployment would also mean that the community around an
individual would have their standard of living improved. In addition, entrepreneurship results
in a civic behavior by an individual and thus resulting in reduced crime (Gough, 2010).(23)
Reduced unemployment leads to increased individual productivity and hence an increase in a
given country’s GDP. These are social benefits as they benefit the whole community (Karmel&
Nguyen, 2006).(24)

Figure 1: Benefits of entrepreneurship
Source: Researcher
Figure 1 diagrammatically summarises the benefits of entrepreneurship to a country.
The list is not exhaustive.
1.3 Entrepreneurship education and training
Entrepreneurship education is described by the Danish Foundation for Entrepreneurship as
concerned with making students more creative, opportunity oriented, proactive and innovative.
Entrepreneurship education aims to produce graduates who are capable of identifying
opportunities and developing ventures, through setting up new businesses or developing and
growing existing ventures. It focuses on encouraging students to apply enterprising skills and
attributes to a range of different contexts, including new or existing businesses, charities, non263

governmental organisations, the public sector, and social enterprises (Quality Assurance,
Agency, 2012) .(16)
Inclusion of entrepreneurship in the tertiary education curriculum has been seen as relevant
from the economic point of view

(25)

. In addition, entrepreneurship can be a source of

motivation to students as it can trigger students’ engagement hence resulting in deep learning
as they illustrate the practical relevancy of the knowledge in question (Lackeus, 2015). (19)
Several developed and developing countries have implemented entrepreneurship education in
the past decade. A study conducted by Solomon(26) in 2004-2005 on entrepreneurship education
in USA found that although educational institutions were moving toward a more knowledge
sharing paradigm which entailed class discussions and use of guest speakers, the traditional
teaching methods of instructing students to create business plans still existed as a foundation
for teaching entrepreneurship and small business management. The combination of the two sets
of methods yielded positive results. In Malaysian Polytechnics, a forty five hours
entrepreneurship module is offered to students. Apart from that, entrepreneurship is integrated
through the co-curriculum module as a cross-sectional discipline, for every student for four
hours per semester. This has given students exposure in developing their skills and interest in
business (Ismail, 2013).(27)
In Nigeria the National Universities Commission was given presidential directives by Federal
and State Ministries of Education to ensure that Entrepreneurship Development Education is
taught at tertiary institutions to reduce unemployment experienced in 2006. Entrepreneurship
was offered in different ways by different institutions. Some offered it as one course, others as
a course split into two while other institutions offered it as a programme (Mitra, et al., 2012;
Esene, 2015).(28,8). In Ethiopia, Gerba

(6)

established Ethiopian universities offered

entrepreneurship as a course. The government of Kenya, after recognizing the potential of small
businesses in the creation of employment, in 1990 established a ministry of research technical
training and technology to harness and develop entrepreneurial efforts in the country. This was
done through introducing entrepreneurship education into all technical training institutions in
the country Nelson & Johnson, 2008).(29) The findings of both these studies indicated that the
entrepreneurship education initiative had failures due to lack of use of student centered methods
that would include practical lessons.
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In the Southern African region, South Africa’s Entrepreneurship education was in its infancy
by 2014 (Cassim, et al, 2014).(20) Attempts were made to incorporate entrepreneurship from
primary to higher education level although most of the schools had not fully welcomed the
move. Zimbabwe which also is not immune to the issue of graduate unemployment as graduates
were engaged in vending, car washing, car watching, making and selling of simple crafts, gold
panning, selling of second-hand clothing and cross boarder trading(30), made some move
towards entrepreneurship education. Zimbabwean tertiary education institutions were given a
role in entrepreneurship promotion through entrepreneurship education as part of the
government’s effort to equip students with entrepreneurial skills (Rambe, et al., 2015)(31) and
the program is ongoing. The researcher has not come across any report evaluating the success
of the program.
The delivery methods used by the different countries include class lectures by instructors,
reading assignments, business plan preparation and projects. In class discussions, case studies
and research projects were used to a lesser extent. Few universities seemed to engage expertise
of guest speakers or prominent entrepreneurs, onsite visit to prominent entrepreneurs’ work
places and entrepreneurship promotion centers. The traditional methods of assessment such as
examinations, tests and quizzes, and business plan reports were used the most.(6, 8) In most cases
theory is taught and consequently, the students do not have the confidence to engage in
business, because of inadequate entrepreneurship skills and ability (Ismail).(27)
The results of entrepreneurship in education were seen as lagging behind (Gerba, 2012)(6) in
most of the countries because of extensive use of lecturer-oriented approaches to impart
knowledge to the students. There is often lack of experimental, experiential, participatory and
problem-based approaches to enable students to acquire entrepreneurial skills needed for selfemployment Ismail; Esene, 2015).(27,8) For the success of entrepreneurship education in Kenya
Nelson and Johnson(29) suggested that it would be necessary to develop an entrepreneurship
culture within the students by exposing them to successful small enterprises in their
community.
The Quality Assurance Agency for Higher Education (QAA)(17) suggested that enterprise and
entrepreneurship education may be managed by a central unit, embedded in the curriculum by
subject specialist educators, or under another name such as 'professional studies' or 'personal
marketing skills', delivered through a careers service or led or supported through facilities such
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as incubators, boot camps and extra-curricular clubs and societies for the desired outcomes to
be achieved.
Research conducted by Kee, et al.(17) in Asia and the United States of America revealed that
successful incorporation of entrepreneurship entailed training of teachers who are to impart
entrepreneurship education. In addition, learner-centered teaching methodologies that fostered
problem-solving skills were employed. Business plans, self-awareness, team building,
leadership, problem solving, win-win attitude, and conflict resolution were part of the
curriculum. Holiday entrepreneurship programs as well as experiential-learning methodologies
were utilized and found successful.
A study conducted by the World Bank in 2002 indicated that Botswana was among the countries
whose entrepreneurship education was essentially provided through technical and vocational
training (TVET) and the pedagogy remained limited to traditional classroom teaching even
though the learning outcome was to teach students on how to start and run a business.
Entrepreneurship was not part of the country policy such that all tertiary education institutions
offer it regardless of the programs of study. From a study conducted by Lekoko et al. (33) it
appears that entrepreneurship education at two Botswana universities, Limkokwing and
University of Botswana was not appropriately developed to effectively equip students with the
relevant entrepreneurial skills and competencies that would help them to choose
entrepreneurship as a career option. Students were found to be not effectively equipped with
the relevant skills and knowledge to experience real activities involved in entrepreneurship and
were given little or no practical training for becoming successful entrepreneurs. It is for this
reason that this study sought to identify how to engender entrepreneurship education in tertiary
institutions in Botswana.
2. OBJECTIVES
The aim of this study was to explore ways of engendering entrepreneurship education in tertiary
institutions in Botswana. In order to achieve the aim the following specific objectives were be
addressed:
1. To identify entrepreneurial skills needed to run a successful business and to improve
organisations.
2. To assess the extent to which Botswana tertiary education curricula contain
entrepreneurship.
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3. To suggest ways of incorporating entrepreneurship in the Botswana tertiary industry
curriculum.
4. To identify and recommend effective entrepreneurship education delivery methods.
3. METHODOLOGY
The research design was both quantitative and qualitative in nature. There are 39 tertiary
institutions in Botswana, according to the Tertiary Education Council (TEC (now Human
Resources Development Council (HRDC)) website. Only 6 big institutions were sampled
purposively, for ease of administering of the questionnaire, given the constraints in terms of
time and monetary resources.
Quantitative data was collected from the students through use of a questionnaire. Stratified
random sampling was used as students were selected from specific programs offered at their
respective institution. Ten students from each program were then selected randomly using
computer generated registers.
In total 130 respondents spanning across 13 different areas of study (Accounting,
Entrepreneurship, Risk Management, Insurance, Transport Management and logistics,
Quantity Surveying, Real Estate, Education, Law, Banking and Finance, Marketing,
Information Technology and Human Resources Management) participated in the study.
To assess the extent to which the Botswana tertiary education curricula contain aspects relating
to entrepreneurship, a questionnaire was developed based on the literature review. The Likert
scale that ranged from 1 to 5 such that 1=strongly disagree, 2=disagree, 3=probably agree,
4=agree and 5=strongly agree was used.
The quantitative data were run statistically using SPSS version 16 to find out the mean,
maximum value and minimum value which were used in the discussions.
The research also took a qualitative approach in that the key informants who were program
coordinators were interviewed to find out entrepreneurial skills needed to run a successful
business as well as to find out effective entrepreneurship education delivery methods.
One program coordinator or head of department and one lecturer in a specialist area were
purposively selected and interviewed using standard interview questions.
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Review of literature was done to find out methods that could be used to incorporate
entrepreneurship in the Botswana tertiary education industry curricula.
To cater for ethical issues the researcher made it clear to the respondents that participation was
voluntary and that the responses would be kept confidential. Results would be made available
to the participating institutions upon request. All respondents were above the age of 18 years
and so they could make a decision on participation.
4. FINDINGS
The study selected 130 student respondents from 13 different programs in 6 major institutions
in Botswana. Out of the 130 selected respondents, 124 participated as shown in Figure 2.
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Students
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Education
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Quantity Surveying
Law
HRM
0

2

4
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Figure 2 Distribution of respondents
Source: Author
Figure 2 shows that 10 students and 2 coordinators responded under the programs Human
Resources Management, Entrepreneurship, Quantity Surveying, Real Estate, Education,
Economics, Risk Management, Banking and Finance, Insurance and Transport Management
and Logistics. Under the Law program, 9 students and 2 coordinators responded, 8students and
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2 coordinators under Information Technology and 7 students and 2 coordinators under
Accounting responded.
The findings which indicate that entrepreneurship skills needed to run businesses successfully
are those that would enable the entrepreneur to identify opportunities and create business ideas.
An entrepreneur should be able to scan the environment and interact with the market to identify
gaps that could be entrepreneurially closed. Another skill needed is the ability to pull resources
together and utilize them within any existing constraints. Findings further reveal that there is
need for an attitude that would inculcate self-belief and self-awareness. Entrepreneurs must be
risk takers and should be ready to take responsibility for any failures. They should be motivated
enough to emerge above turbulences. Over and above, an entrepreneur should possess
managerial skills that include human resources management, marketing and accounting skills.
Although literature suggests different approaches to classifying entrepreneurship skills (Kee,
et al. 2008)(17)., the findings of this study are in congruence with literature as the same skills
are highlighted. This would imply that entrepreneurship skills needed in Botswana compare
with those needed by the global community.
Table 1 shows the criteria that were used to measure the extent to which entrepreneurial skills
were present in the 13 specialist areas offered by the six universities. The scale ran from 1 to 5
implying that a mean of 5 would mean a high level of the presence of a particular skill in the
curricula and vice versa. It can be seen that all the criteria scored less than 2.5 clearly indicating
that the programs are not imparting sufficient entrepreneurship skills to the learners. Despite
the low mean, the maximum value was 5 for most of the responses because the entrepreneurship
students indicated that they were getting the knowledge, skills and attitudes instilled in them
through their program.
The findings confirm the conclusion made by Lekoko from the study that was carried out at
Limkokwing and the University of Botswana on whether entrepreneurship education existed
at the two tertiary institutions (Lekoko, et al. 2012).(33)
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Table 1 Descriptive Statistics on the extent to which entrepreneurial skills are embedded in the tertiary
education curricular in Botswana
Variable
N
1.1 Have a drive for achievement
137
1.2 Have gained confidence to present to business stakeholders in any
137
environment
1.3 Can now work in a team with maximum co-operation
137
1.4 Have learnt how to network in order to make any business thrive
137

Std.
Mini Maxim
Deviatio
mum um
Mean n
1

5

2.09

.989

1

4

2.31

1.011

1

5

2.25

1.076

1

5

2.40

1.092

1

5

2.41

1.033

1
1

5
4

2.20
2.26

1.079
1.066

1

5

2.10

1.045

2.5 Interpersonal skills such as leadership, motivating others,
137 1
managing people, listening, resolving conflict have been gained

5

2.19

1.054

1

5

2.29

.901

1

5

2.25

.945

1

5

2.10

1.038

1

5

1.99

.870

1

5

2.26

.916

5

2.23

.939

5

2.42

.970

1
1
1
1
1
1

5
5
4
5
5
5

2.22
2.41
2.39
2.39
2.14
2.34

1.062
1.037
1.053
1.080
.979
1.032

1

5

2.33

1.051

2.1 Now have financial discipline; can separate business funds from
137
personal funds
2.2 Can develop a strategy and identify strategic partners
137
2.3 Can set priorities and focus on the vision set.
137
2.4 Am now able to adapt to new situations and participate in learning
137

2.6 Can easily recognize and act on business opportunities that come
137
my way
2.7 Can create a business plan and a financial plan that can help me
137
get funding to start business
2.8 Can conduct a market research, assess the market, market
137
products and win customers in business
2.9 Have been able to identify my abilities to run a business which
137
otherwise I did not know.
2.10 Have gained accounting, finance, technology, marketing and risk
137
management skills that can be applied in running a business

2.11 Can create value for an organization of my own or my employer
137 1
through generation of ideas
3.1 Have learnt to get things done with limited or no resources
136 1
3.2 Believe a lot in self to achieve high goals
137
3.3 Can initiate ideas without waiting for others to suggest.
137
3.4 Open-minded and can adapt to other ideas.
137
3.5 Rules can be broken to accommodate new viable ideas
137
3.6 Upcoming circumstances cannot discourage my vision
137
3.7 Have a drive to take risks
137
3.8 Would still continue pushing even if the business does not seem
137
to work
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Findings from literature suggest that there is need for deliberate efforts by the government to
engender entrepreneurship education in institutions. It is not enough to have it in the Technical
and Vocational institutions only. This corroborates contention by Ismail(27) and Esene,(8) who
conducted studies in Ethiopia and Nigeria and argued that entrepreneurship studies should not
be a preserve of technical and vocational institutions.
While literature has discussed several methods of engendering entrepreneurship education in
tertiary education curricula, it would appear like having entrepreneurship education as a
module gives all students in the institution a chance to get exposure in the subject area. Having
entrepreneurship incorporated in an already existing module might not expose students enough.
Having a full entrepreneurship program running will only benefit the students enrolled in that
program and not the rest of the other students. The study therefore concludes that
entrepreneurship education can be incorporated effectively by tertiary institutions through
introducing a compulsory entrepreneurship module as a part of each program.
Findings from the interviews conducted revealed that to complement entrepreneurship
learning, the institutions could employ the expertise of qualified lecturers to deliver the module.
In addition, the module could involve intensive practical learning by having students develop
business plans, run business projects and visit successful entrepreneurs. The institutions also
could conduct business clinics - where specialists are invited to coach students and business
centers where small businesses are run by institutions on campus and students are allowed to
participate. The findings are in agreement with the suggestions made by other researchers.(16,17)
These practical methods do not suggest that the traditional methods should be discarded, but
rather they should complement them.
6. CONCLUSIONS
The discussion above concludes that there is need for entrepreneurship education in Botswana
given the high graduate unemployment and underemployment in the country as confirmed by
Assan(9). The survey involving six big tertiary institutions revealed that at the moment
entrepreneurship education is minimal at the institutions. Integrating entrepreneurship in the
tertiary education curricula in Botswana using practical methods would enhance the transfer of
entrepreneurial skills to the students. Imparting of entrepreneurship education should be
student centered such that students get hands-on experience in developing business proposals
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and running businesses. These practical methods are expected to make traditional methods like
lecturing and testing more impressionable.
7. RECOMMENDATIONS
Based on the findings, the study recommends the following:


The Ministry of Education in liaison with the Ministry of Technology and Innovation
in Botswana is advised to consider making a deliberate effort to ensure all tertiary
institutions do integrate entrepreneurship in all their curricula regardless of the area of
study. This is line with the views of Streeter and Jaquette(34) who argue that the
opportunity of entrepreneurship education should be extended to all students in the
university, regardless of the program they are studying.



As a starting point, Botswana tertiary institutions are advised to integrate
entrepreneurship through having an entrepreneurship module done by all students
regardless of their area of study.



Tertiary institutions are encouraged to have specialists in the entrepreneurship area who
will employ student-centered and action-oriented methods of teaching. This would
imply that on top of the traditional teaching and assessment methods students could
develop business plans, embark on business generating projects and interact with
entrepreneurs in the community.



It is recommended that tertiary institutions in Botswana strengthen entrepreneurship
programs through setting up incubation centers and small business support units within
universities. These could include facilities such as food outlets, copying and printing
services, among others.



This study investigated the extent to which entrepreneurship is contained in the tertiary
education curricula in Botswana. The study, however, left out Technical and Vocational
Education and Training institutions which are meant to promote entrepreneurship. It is
recommended that another study that assesses the effectiveness of entrepreneurship
education offered by those institutions be conducted.



Future studies should also investigate skills that the practicing entrepreneurs could be
lacking.
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ABSTRACT
The purpose of this study was to determine whether the Social Construction of Technology
theory can be used to explain the perception of social media in Zimbabwe. The researchers
commenced by identifying relevant groups that apparently hold essential perceptions about the
role of social media in Zimbabwe. The groups include civil societies, politicians and
government. The methodology for this study was netnography whereby data were collected
from online communities and comments in various online newspapers and social media. The
researchers used this methodology because it was believed that there is a high level of
truthfulness and disclosure depth in online communities than face-to-face conversations. Data
was grouped according to relevant groups and then analysed through thematic analysis
informed by the six phases of thematic analysis as proposed by Braun and Clarke. The findings
of this study indicate though the study had identified various relevant groups, views of
Zimbabweans are polarised as a result only three relevant groups emerged from the results.
These groups are pro-government, pro-opposition and pro-business. The researchers concluded
that those who regard social media beneficial will accept it as the best technology in the modern
society, while those who see it as a destructive technology will resist its adoption and use.
Hence, technology is not only evolving over time and space to solve problems, but also to cause
different perceptions within competing groups. Therefore, the study recommends that there
should be education on the proper use of social media. This will remove the fears of the
government and there will be closure. As a result, there will be dialogue between the competing
groups.
Key Words: Scot Theory, Perception, Social Media
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1. INTRODUCTION
The introduction of social media programs like Twitter, Facebook, YouTube, WhatsApp and
LinkedIn in web technologies has altered the communication conduits and behaviours among
people, organizations and governments. As compared to traditional media platforms, social
media promotes active engagement in the communication process (King et al., 2016; Magro,
2012; Priyopradono, Manongga & Utomo, 2012). Social media has changed the means of
creating and disseminating information. Instead of being regarded as recipients of information,
users are now able to co-create news, disseminate them and participate in discussions using
social media. In reality, social media platforms provide an inexhaustible aptitude to connect
and share information in a cost effective mode. Social media has become the most pervasive
portents of innovation in today’s society (Dewey, Kaden, Marks, Matsushima & Zhu, 2012) by
defining a novel generation of communication. Mkono (2012) argues that the rapid
developments in social networking technologies have seen internet users posting messages,
reviews, compliments, complaints and comments. Its use in the modern society has expanded
significantly such that it can no longer be overlooked. A total of 43% of the world population
estimated to be 3.2 billion people are using the internet and the number continues to grow (ITU,
2015).
2. THE SOCIAL CONSTRUCTION OF TECHNOLOGY (SCOT) THEORY
The social construction of technology theory was first presented by Pinch and Bijker in 1987
(Bijker et al., 2012). SCOT studies are premised on the idea that technology is socially
constructed and interpreted rather a clearly defined product (Selwyn, 2013). The SCOT can
enable the understanding of social and political issues of adoption and utilisation of technology.
This theory can be defined as an interactive socio-technical procedure that used to guide the
development of technology (Klichowski, Bonanno & Jaskulska, 2015). SCOT theory can be
considered as a framework of analysing how different interests of social groups and institutions
perceive technology for the purpose of explaining why certain innovations make a breakthrough or meet resistance from competing groups. The major proposition of this theory is that
the emergence of technology is driven by social connections among various groups. The theory
posits that there is no best or worst technology. Its success is dependent on the meaning from
competing groups, hence it is shaped by user needs (Jones & Bissell, 2011). Broadly it refers
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to a theory about how a variety of social factors and forces shape technological development,
technological change, and the meanings associated with technology.
The theory is organised around the principle of social relevant groups and the interpretive
flexibility, closure and power (Dobryakova & Kotelnikova, 2015). The first principle seeks to
identify entities that share the same set of meanings to a particular technology. Technology is
shaped by various social forces which need to be identified and explained. These groups may
include the military, scientists, engineers, technologists, economists, politicians, government,
non-governmental organisations, entrepreneurs, interest groups, citizens and consumers
(Flanagin & Flanagin, 2010). Each group has a stake in technology, hence they interpret in in
different form. Relevant social groups are the epitomes of technological development.
On the other hand, the second principle is aimed at disclosing various interpretations held by
each group towards the development of technology and the flexibility required in the design.
This means that technology has multiple interpretations that can be challenged by various
groups (Peia, 2010). The way in which it can be interpreted by one group can be different from
another group. Technology can be a solution to others while others can see it as a problem.
Interpretive flexibility can be reinforced by comparing the interpretation of social media by the
civil society and the government. While civil society regards social media as a tool to expand
and strengthen their capacity in advocating for democratic reforms, government views it as a
tool of political disturbance. This shows that various groups will always have unique and
different understanding of technology about its purpose.
The third principle is closure. Closure occurs when the various interpretations given by relevant
social groups merge thereby reaching a consensus on technology. Pinch and Bijker identify two
types of closure: the first is rhetorical closure. In this case it’s not necessary to solve the
problem in the common sense way of a technical problem-solving activity. The idea is to
convince the concerned social group that there exists no critical problem. The second type is
closure by redefinition of the problem: closure and acceptance of the technology is achieved
by redefining the original problem and finding a solution to another related problem
The success of the closure depends upon the particular sociological and cultural uniqueness of
the social groups concerned about the technological problem.
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Lastly, the other principle is power. Power plays a double role in the shaping of technology:
semiotic and micro-political. Semiotic power is the "apparent order of taken for granted
categories of existence as they are fixed and represented in technological frames" (Bijker, 1995,
p263). It is semiotic power that is realised in the closure and stabilisation of technological
frames; and it fixes meanings that enable, constrain and dominate not just relevant social groups
but wider social groupings. Micro-polical power is exercised in the continuous interactions of
relevant social groups and can be traced in the development of their technological frames. It
may involve such things as access to capital, patents and licensing arrangements, control of
standards and common interfaces.
Therefore, it can be argued that once these principles are observed, the development of
technology may achieve a balance such that power held by a certain group in a specific case
can be relinquished. However, for this balance to be attained, technology should be clearly
explained to competing groups. Otherwise, it might cause difficulties throughout its evolution.
Hence, the purpose of this study was to determine whether the SCOT theory can be used to
explain the perception of social media in Zimbabwe. The study contributes to increase
understanding of the social media. It broadens the understanding of adoption and utilisation of
social media in Zimbabwe. There has been dearth of explicitly knowledge on the use of social
media in Zimbabwe and other developing countries.
3. PERSPECTIVES OF SOCIAL MEDIA
While it cannot be refuted that social media has changed the communication pathways of the
21st century, this may not be in the interests of all groups. For that reason, as social media
continues to evolve, the pattern of its use is also changing according to how it is perceived.
According to Unwin (2012), social media has been viewed with an intellectual pin-pong. One
side has found constructive models to justify its use while the other has challenged it as a
destructive technology. It can be further argued that the way in which social media is perceived
may be determined by relevant social characteristics or the manner in which it is understood.
This mapping provides a foundation for analysing how social media is adopted and accepted
in various sectors. This is because civil societies, government and politicians have been
involved in intense battles to control the power of social media as a communication media.
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3.1 Democratic perspectives
Civil societies and opposition politicians are the key relevant social groups in regard to
democratic perspective. This perspective demands that people must have access to
uncontaminated information and discuss it freely in order to advocate for a democratic society
(Parker, Downie & Manville, 2012). Civil society regards social media as a tool to expand and
strengthen their capacity in advocating for democratic reforms. They claim that social media
can be used to create a corrupt free society in which citizens can track and expose those who
are involved in corrupt activities (Chen, 2012). In addition, the role of social media from a
democratic perspective is to provide a platform that enables Government-to-Citizen
communication to allow citizen participation. Citizen participation is critical to the success of
every democratic government globally (Ezema, Ezeah & Ishiwu, 2015). Citizens may also use
social media to discuss non-controversial issues such as public welfare. Thus, social media has
contributed immensely in fostering democratic processes and the creation of social capital
(Fuchs, 2013). It has been commended by democrats as a tool for fostering democratic change.
The power of diffusion of social media has enabled the optimisation of the capacity of mass
mobilisation and subsequently become the main weapon for igniting democratic activities.
Peekhaus (2010) maintains that social movement which is a significant component of
democracy requires massive production and dissemination of information that can be used to
challenge undemocratic societies. Social media allows people not only to have access to
alternative and independent news and information, but also to gradually increase the pressure
for democratic reforms (Browning, 2011). The proponents of democratic societies believe that
social media can be employed effectively to awaken oppressed people and mobilise them to
fight against repressive systems in their drive for greater autonomy (Brown, Guskin & Mitchell,
2012). This media has the capability to pick up small and uncovered events, practices and
stories that have a strong bearing in the quest for democracy. Moreover, it can be used to
facilitate mobilisation instructions for the speedy course of action (Brouwer & Bartels, 2014).
However, this notion must be treated with caution because social movements have their own
impudent consequences.
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3.2 Government perspectives
Connectivity, involvement and information attainment gives the general public a shorter way
to public administration. Social media provide reliable connectivity between government and
citizens (Wang & Medaglia, 2015). Some government agencies around the world are using
different social media platforms such as Twitter, Facebook, YouTube, WhatsApp and blogs to
connect with their citizens in order to engage them in public policy and public service delivery.
Governments that have regarded themselves as democratic entities have incorporated social
media in the E-government initiatives (Gintova, 2015; Magro, 2012). It has been asserted that
the main goal for the use of social media is to provide open access to the government. This
approach provides an interactive and participative architecture for collaboration and
information sharing between the government and its citizens. According to Mergel (2013), this
architecture enables government to engage citizens on public matters. Government perceive
the social media as the new wave in transforming government services.
4. METHODOLOGY
To ensure that the perceptions of social media are based on a diverse population of users this
study used netnography whereby data were collected from online communities and comments
in various online newspapers and social media. Netnography as defined by Kozinets (2007) is
a research approach used to collect information from online computer-mediated communities.
This approach was used to extract information from message posted by users on social media
anonymously since the researchers did not intend to influence the participants. These messages
provide a platform for researchers to gain in-depth understanding into internet users’ thoughts,
opinions, motivations and concerns without any suspicious and safety concerns (Elliott,
Shankar, Langer, & Beckman, 2005). Furthermore, netnography was believed to have a high
level of truthfulness and disclosure depth than face-to-face conversations. Purposeful sampling
was used to select online threads that look at the use of social media in Zimbabwe. Relevant
comments, made from 1 January 2016 to 30 September 2016, were considered for the research.
The researchers looked at the posts, comments and reviews on online newspapers; The Herald,
Newsday, Newzimbabwe, Newsdzezimbabwe, The Standard and the Dailynews comments
section and as well as facebook comments that pertained to the use of social media in
Zimbabwe. The online threads, which pertained to social media, were selected. A total of 623
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comments, reviews and newspaper which referred to social subjects, where considered
appropriate and relevant for the study. In order to analyse the data, researchers grouped
comments according relevant groups.
The first step was to gather all the relevant data from online threads on a spreadsheet. The data
was then grouped according to relevant social groups which included government, civil society,
politicians, citizenry, academics and business people. Data analyses was informed by the six
phases of thematic analysis as proposed by Braun and Clarke (2006). These include
familiarisation with data, generation of codes, searching for themes, reviewing themes, naming
themes and producing a report.
5. RESULTS
This section present results on the perceived use of social media from government, opposition
and business. The aim of this study was to determine whether the SCOT theory could be used
to explain the perception of social media in Zimbabwe. Though the study had identified various
relevant groups, views of Zimbabweans are polarised as a result only three relevant groups
emerged from the results. These groups are pro-government, pro-opposition and pro-business.
a. Pro-government perspective
This subsection outlines the themes identified from analysis perceptions of pro-government
comments. There were three themes that came from perceptions of government; security,
branding and social engagement.
1. Security
The government of Zimbabwe perceive that social media is being abused and used as a tool by
the country’s opponents to jeopardising security and also to incite a revolt. In addition to
jeopardising the country’s security, the government also perceive that those abusing social
media are also engaged in harmful activities to general citizenry through engagement in cyber
bullying, fraud, child abuse and revenge pornography. Consequently, the government has
branded those who abuse social media as "cyber-terrorists" and is in the process of drafting a
new legislation to limit such activities.
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Furthermore, the perceived abusers of social media are demonising the government and the
ruling party. The government perceives social media as a weapon used to intimidate
Zimbabweans and to cause political and social instability. Consequently, social media is also
perceived to tarnish the image of the government and its leaders. This is supported by the
following statement “They have cited some cases of cyber bulling, insults targeted at the
president and his government, recent public protests and videos of some people with weapons
of war threatening to overrun Zimbabwe, as examples of social media abuse.”
From the comments of senior government officials, it was clear that the government was not
against social media but abusive use to jeopardise the security of the country and the general
citizenry. Furthermore, the government perceive that it is a dual responsibility of protecting
itself and its citizens and ensure that there is responsible use of social media in Zimbabwe.
2. Branding
The second theme was that social media can be used for branding and to give the correct views
about the country. Government has at highest level, through the president challenged the youth
to use social media to defend and promote the development of the country. “…….youths
should use social media to defend the party and promote the party and develop Zimbabwe
through ICTs (information communication technologies). You all have a role to play in
promoting our production and ZimAsset brand, Zimbabwe. Brand Zimbabwe, the image of
Zimbabwe, a Zimbabwe that is democratic, hardworking and peaceful,”
From the government perspective, social media must be used to project good image of the
country and correct the negative image created by the country’s opponents. This can be
achieved by the proper and constructive use of social media. Social engagement
In addition, the third theme was that social media can be used for social engagement. The
government perceive that the social media can be used to promote dialogue between the
government and the general citizenry and also enhance dialogue and health debates on issues
of mutual interest. The government expect advice and opinions from citizens. It was further
perceived that social media can be used to promote development through responsible use. This
was stated by the Minister of ICT who said “I think that the majority of Zimbabweans use
social media for positive good in development, in business, in exchanging ideas and sharing
information. Just a fraction, tiny fraction, use it this abusive purposes. What we would like to
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do as Government, is to discourage the minority few abuse social media so that they don’t spoil
it for the majority of Zimbabweans who use it positively”.
b. Pro-opposition
This section looks at how the opposition perceive the use of social media in Zimbabwe. There
were two themes that came from perceptions of opposition; cyber-activism and freedom of
expression.
1. Cyber-activism
Social media is used by political activists to mobilise people to participate in political activities
such as demonstrating against the government and expressed their views on political, economic
and social issues. These activists perceive that using social media enable them to communicate
directly and convey their messages to the government. Furthermore, it is used as a platform for
expressing grievances, protesting against policies, other socio-economic and political reforms
they may want the government to implement. They also perceive that government officials are
not easily accessible; hence they use social media to vent their anger and views. This is
supported by one comment which stated that “political parties and protest movements have
found social media to be a useful tool in mobilising people to participate in demonstrations
aimed at forcing the government to introduce political, electoral and economic reforms”.
2. Freedom of expression
The pro-opposition perceive that the government has systematically barred critical voices from
being heard. Social media offers them access to platforms to debate issues of common public
interest. Social media has been perceived as an alternative media channel outside the
mainstream media which is controlled by the government. This is illustrated by one comment
which claimed that “the difference between social media and mainstream media is that there is
that feedback aspect. It is no longer one way ... people can exchange messages and they can
generate their own stories that they can debate on social media and this means that information
travels much faster. There is a lot of freedom in social platforms. Consequently, it is easier for
activists to push their messages than through traditional media.” Others also perceive that social
media fills information vacuum by speculating silent issues in the absence of official
information. Furthermore, citizens support social media information than official channels.
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However, there is a danger of speculating on issues which may result in the misleading of the
public and tarnishing the image of other people. For instance one comment stated that “Several
Zimbabweans on Tuesday stormed the embassy of South Sudan in Harare’s Belgravia suburb
following some hoax social media messages indicating that there are jobs being offered in that
nation”.
c. Pro-business
This section provides the business perspective of using social media.
1. Business engagement
Although users of social media perceive social media from political and social stand point, to
some social media has created a lot of business opportunities. Some small businesses are using
social media platform to advertise and market their products and services. This is supported by
one comment which said “You would find that some of these platforms, because they were
relatively cheap, people could now do business easily advertising their products through the
various platforms. They could get customers and make that extra dollar that is so hard to come
by in this economic environment,”
6. DISCUSSION
The increase in internet access and social media has given Zimbabweans a platform to publicise
negative material about their country, government and other citizens (Mpofu, 2015, Mpofu,
2013, Ollier-Malaterre and Rothbard, 2015, Mutsvairo and Sirks, 2015). From 2004, the
concept of ‘online newspapers’ began to inspire a number of vibrant projects.
NewZimbabwe.com was Zimbabwe’s first news website and discussion forum. Zimbabweans
began to use social media and online newspapers as an alternative to the government controlled
public media. These media offer audiences the possibility of being both consumers and
producers of content. Pro-opposition groups perceive that the public media offer biased
coverage of events (Mhiripiri, 2013, Otteng, 2014, Mpofu, 2013) and systematically barred
voices critical of government from being heard. Social media offer those counter-hegemonic
and excluded voices access to a platform to debate issues of common public interest. The progovernment perceive that many Zimbabweans use hate speech and insult each other and make
derogatory statements about their country. This is in agreement with the findings of Pretorius
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and Blaauw (2015), Mutsvairo and Columbus (2012), Deane (2013) who arrived at the same
conclusion.
While the relevant groups appear to have divergent views on the social media, they appear to
agree that social media is a useful tool for social engagement, promoting dialogue and views.
However, they seem to differ on the concept of responsible use. Although the pro-opposition
group see nothing wrong with the way they are currently using social media, the progovernment seems to acknowledge that the majority is using social media responsibly; though
there is a small group that is abusing social media. Pro-government views social media as a
destructive technology and hence they have been criticised for censoring social media
platforms. Pro-opposition argue that in-order to take control of the social media the government
of Zimbabwe intend to introduce restrictive laws that govern the usage of social media. They
perceive that the government has taken a reactive mode towards the use of social media. On
the other hand, the pro-government has largely criticised pro-opposition of using social media
for being a tool of political disturbance. Hence, more effort has been put to control the
perceived political threat emanating from social media.
To this end, it can be seen that there is power struggle between the relevant groups on the
control of social media. The government intends to control the usage of social media through
legislation while the pro-oppositions want to control government interventions and interference
in the social media. It can be observed from this discussion that there is a problem of social
media control. It is our considered view that the pro-opposition should demonstrate responsible
use of social media to government through their actions of social media platforms. In turn, the
government will then relax the envisaged legislation as a result closure between the two
competing groups will be achieved.
7. CONCLUSIONS
This study highlights some disequilibrium between competing groups in the use of social media
as a communication platform. The key findings of the study show that there is social media
perception gap between competing groups in Zimbabwe. The perception gap has resulted in
some disequilibrium between these groups in the use of social media as a communication
platform. For equilibrium to be attained, technology should be enlightened to competing groups
through education and awareness. Therefore, with education on the proper use of social media
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those who are perceived to be abusing social media will use it responsibly. This will remove
the fears of the government and there will be closure. As a result, there will be dialogue between
the competing groups. The SCOT theory can be used to offer a theoretical understanding of the
perceptions on social media in Zimbabwe.
Though, some small businesses are taking advantage of entrepreneurship opportunities created
by social media platforms to create, promote and market their products and services. Social
media continues to be used for non-commercial purposes, such as: entertainment, political and
social discussions.
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ABSTRACT
ICT knowledge hubs are important resources for a country to grow towards an innovative
economy. Their growth has been viewed as a node point for techno-prenuership development
and economic sustainability by many countries. The purpose of this study was to establish how
Zimbabwe as a developing country should move towards the creation of an ICT knowledge
hub that will promote economic growth in line with the Zimbabwe Agenda for Sustainable
Socio-Economic Transformation (ZimAsset) economic blueprint crafted in 2013. A qualitative
research design was used whereby literature was conducted to establish models for ICT
Knowledge hub creation while two focus group discussions were held with academia, research
agents and software developers to achieve face validity and indepth interviews were held with
officials from The Ministry of ICT Postal and Courier services. The consensus was reached on
the need for creating a focal point which will act as a cyberport where ICT driven solutions can
be obtained based on the industry needs. The focus group discussions settled for four
components in creating an ICT knowledge hub. These are planning function, development
function, management function and co-ordinating function. The research also established that
the Ministry of ICT and Courier services in Zimbabwe has set up an innovation fund to
encourage and reward innovation and craftsmanship in Zimbabwe mainly targeted at the
youths. The government acquired the high performance computing facility which is stationed
at the University of Zimbabwe. The ICT hub should be used to facilitate access and use of this
resource. Every country should therefore strive to create its own centre of innovation which
enables it to gain maximum utility from its indigenous people in order to fully utilise ICTs for
industry development and spearhead economic growth. The study recommends that there is
need for establishing an ICT Knowledge hub in the country.
Keywords - Framework, ICT, knowledge hub, ICT hub, holistic approach, economic growth
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1. INTRODUCTION
The rapid improvements in ICT solutions have changed the operational landscape in many
sectors of economy. However, in spite of the numerous potentials that the ICTs have
demonstrated towards economic growth and industry sustainability. Their perceived benefits
have not been fully utilised because of a number of challenges such as the lack of the
coordinated centralised repository for knowledge production and sharing among others
(Qureshi et al., 2007). In many countries, knowledge production and sharing is done in a
fragmented manner which has made it to be difficult to find when needed (Damuri, 2012).
There is no collaboration or cooperation by those who are responsible for producing industry
driven ICT solutions and those that should provide support. As such, the development and
adoption of ICT solutions have failed to happen because of these varying reasons.
2. BACKGROUND
ICT knowledge hubs are important resources for a country to grow towards an innovative
economy. They provide a centre of excellence for innovative solutions. Their growth has been
viewed as a node point for economic sustainability and techno-prenuership development by
many countries (Gathege & Moraa, 2013). In addition, these innovation platforms act as a
promoter for industry development through the creation of technology that is driven by
entrepreneurs. Although, some countries have taken up the initiatives to develop their own ICT
knowledge hubs to ensure that knowledge is harnessed, packaged and shared among the
neediest areas, some are still relying on outsourced ICT solutions from developed countries
which are even created by their own people.
In order to foster economic growth through ICT knowledge hubs and harness local skills and
solutions that are relevant to local industries, a number of conferences have been held by
different nations and regions. The first being the Bali conference of 2012, whereby policy
makers and practitioners from about forty (40) countries converged in Bali, in Indonesia
between 10 and 12 July 2012 to pioneer the fundamentals of creating knowledge hubs (Choesni
& Schulz, 2012). Since then, a number of countries and regions have moved towards the
development of ICT knowledge hubs in order to lead their economies. The countries include,
but not limited to Brazil, China, Indonesia, Mexico, Singapore, South Africa, Kenya,
Cameroon. These countries have demonstrated the pliability to scale up their capacities to
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exchange proven solutions with peers and partners in an effective way by building ICT
knowledge hubs from scratch.
The world over many countries have been utilising their human resource to the fullest potential.
Japan is one country which does not have much to offer in terms of natural resources but the
country have turned to its human resource in order to develop. We are now in the digital era
where citizens are now resident on the networks. The digital technosavy generation often called
the netzens are the predominant amongst the population in the contemporary Zimbabwe
(Musungwini et al. 2014). ICT Knowledge hubs provides an opportunity for these netizens
talents to be harnessed and developed into ICT engineers. A very good example is the silicon
valley in the United States of America which is nurturing and churning out prominent
Technopreneurs like Logan Green who hatched his dial a ride business which is now valued to
the tune of US$3 billion dollars (https://www.youtube.com/watch?v=2YS1GI2e3kg).
In 2013 the government of Zimbabwe crafted the Zimbabwe Agenda for Sustainable SocioEconomic Transformation (ZimAsset) which is an economic blueprint to guide the
development agenda of the country 2013 to 2018. The ZimAsset placed ICT at the epicentre of
all the development initiatives in the country. This coincided with the Sustainable Development
Goals (SDGs) which is the United Nations post 2015 development agenda. The SDGs are
premised on ICTs to achieve all the 17 SDG goals and 169 targets. These researchers believe
that ICT should be given primacy in all development issues hence the idea of a an ICT
knowledge hub was muted. There are 12 Universities in the Zimbabwe and 10 Polytechnical
colleges and each given year these institutions enrol students into different ICT programmes
and churn out thousands of graduates. Students enrolled in these ICT programmes are required
by their department to develop computer system solutions which is a requirement for in most
institutions for someone doing ICT to graduate. Zimbabwe is endowed with some of the
brightest brains in the world as evidenced by the number of outstanding ICT professionals
holding fort in the developed world economies like UK, Australlia and South Africa hence it is
critical for the country to harness and focus this precious resource. The creation of a Knowledge
hub provides an opportunity for that.
3. PROBLEM STATEMENT
The substantial reliance on foreign ICT innovations has seen the ICT intensive countries like
India, USA, UK, South Africa, Kenya etc., determining how ICT solutions on industrial
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developments should be generated and packaged. This has denied the indigenous people the
prospect to open their intellectual corridors to demonstrate their capabilities as technoprenuers. This is a result of a lack of coordination of ICT activities like research and
development of ICT applications in Zimbabwe.
4. PURPOSE OF THE STUDY
The purpose of this study was to establish how Zimbabwe as a developing country should move
towards the creation of an ICT knowledge hub that will promote economic growth. Since the
development of the hub cannot be elucidated by a single aspect, a holistic approach is needed
to provide both theoretical and practical guidelines to several stakeholders who may include
policy makers, funding agencies, industry, researchers and software developers. This will
ensure that ICT solutions, products and experts can be accessed from a central point by those
who need them. Apart from providing a central point for accessibility, the hub will also enable
participants to collaborate in generating incubate ideas that drive enhancements and raise their
individual and organisational profiles. Zimbabwe has a number of ICT professionals and
experts that are performing well in South Africa, Kenya and other ICT intensive countries
(Tsokota, 2012). Above all, the hub will provide a global connectivity with the Zimbabweans
who reside in developed countries in a cost effective manner in order to drive innovation back
home by sharing experiences gained there (developed/ ICT innovative countries).
5. LITERATURE REVIEW
This literature review is being done to try and understand the background of ICT Knowledge
hubs and their impact on the development agenda of the adopting economy. We are now in the
digital era and other countries are turning to ICT to develop and grow their economies. In 2011
the Ugandan government set up a USD 600, 000 Information Communication and
Technologies (ICT) incubation centre to help ICT businesses seek markets believing that the
centre will enable those involved and young talents to penetrate regional and international
markets (Moraa & Murage 2012).
5.1 ICT Knowledge Hub
An ICT knowledge hub can be seen as a platform that possess needed infrastructure to deliver
generic services like tele-centres, desktop publishing, business support, application
development, training and information services to the community (Jacobs & Herselman, 2009).
It provides a structure, which enables communities to manage their own development and
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focuses on sharing of experiences and models in the area of ICT only. It allows participants to
conduct data visualization, exploring the data, create, edit and export data by acting as a peer
confluence. The platform run on a web browser for it to be accessible from anywhere thus
being location independent. It can be built at a national level, but allowing people or experts
from various thematic areas to participate and discover valuable knowledge from different
locations.
Since innovation is critical for the development of any country, knowledge hubs have come in
strongly as platforms for nurturing local technological firms and facilitating knowledge transfer
between experts and users (Winden, 2012). They provide a medium to share research ideas that
bring up innovation through internet forums and conferences with the view to create shared
value. They bring together interested people from various sectors to share their expertise. The
knowledge hub facilitates easy and quick connectivity with colleagues throughout the sectors
and beyond. Producers and users are closely connected and, while spatial proximity is
important, they do not have to be physically co-located (Turpin & Garrett-jones, 2002). Thus,
in order to transmit knowledge to both domestic and international partners, ICT knowledge
hubs are needed so that people can share experiences without the limits of location.
5.2 ICT Knowledge Hub Development
Dale (2011) proposed a structure for a knowledge hub, having the hub as the central systems
and connected to various partners and stakeholders. The structure of the hub follows some kind
of a star network topology format. This structure indicated that several areas can be
incorporated in one hub, which may include professional networks, knowledge hub groups,
social networks, and training, views from other peers. In professional networks one can include
various areas of specialization like ICT, engineering, hard sciences, social sciences.
The basic operation of an ICT knowledge hub is to create, transmit and apply knowledge usable
for innovation. A review from users of global knowledge hubs indicates that these systems
generally help them to:






Connect with peers and colleagues
Share and retain knowledge
Acquire essential new skills
Make better use of time and resources
Find real solutions
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Develop a professional reputation
Inspire innovation and new ideas

6. METHODOLOGY
A qualitative research design was used based on three methods for data collection. First, an
extensive literature review to establish the key elements in creating an ICT knowledge hub
from existing models and other theories. Secondly, two focus group discussion comprising of
participants from academia, research agents and software developers in order to evaluate the
proposed framework. Focus group research is a qualitative research method which seeks to
collect information beyond the scope of quantitative research surveys (Tuff 1985). The focus
group discussion was chosen in this study because of its suitability in areas where there is need
for face validity of the results and no statistical projections are required. Purposeful sampling
was employed in this research because in qualitative research participants are purposefully
selected. According to Patton, M. Q. (Qualitative research and evaluation methods 3rd Edition,
p 45-6) research participants are purposefully selected because they meet the criteria required
and there is no number determined.
The researchers organised two focus group discussions, one at the beginning and one at the
end. The purpose of the focus group at the beginning was to gather intelligence and ideas after
the researchers had done some literature review of the subject domain in question and this
group A was called the innovators. This group was made up of 10 technocrats of various ICT
expertise from industry who were at the time MSc Information Systems Management at
Midlands State University.
The second focus group discussion was made up of 8 people and these included 3 academics,
2 ICT industry experts, 2 students and an admistrator and this group B was called reviewers.
The focus group discussions were held at Trust Academy in Harare. The first FGD lasted 1hour
10 minutes while the second lasted about 55 minutes.
“The purpose of using a focus group in research is to acquire as much information as possible
from a group of experts on a given topic. This is accomplished by prompting the group with
pre-specified topics and open-ended questions, allowing the discussion to evolve around these
open-ended questions, and facilitating interaction among the participants.”(Sutton & Arnold
2013, p. 82).
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The number of FGD are determined by the researchers and once they reach saturation level
they can be stopped (Sutton & Arnold 2013). Thus the researchers having done literature review
realised that the 2 FGDs were enough. Conducting FGDs is costly as participants require
transportation and food allowances. The researchers had to offer lunch to all participants of the
two focus group discussion.
The researchers also conducted indepth interviews with two Ministry of ICT Postal and Courier
Services at the Ministry’s offices. This was a result of the request for inclusion of their input
by the Ministry officials after the presentation at the symposium. The interviews provided very
insightful contributions to the quality of this paper.
7. DATA ANALYSIS
The FDG data was collected by means of annotating the key points as participants were
discussing them. According to Stringer (1999) there are basic principles of carrying out
research and there are three basic stages through which research must follow. These stages are;
i.

Look–This involves the building of a visual and the assembling of information. The
researcher evaluates by defining and describing the problem under investigation and
the natural setting in which it is set up.

ii.

Think –This stage involves the interpretation and explanation of data. Researchers
evaluate the data by analysing and interpreting the situation at hand. The researchers
reflected on what research participants have raised during the FGD and also their field
work experiences. We looked at areas of success and any deficiencies, issues or
problems.

iii.

Act – This is the final step which involve resolving of the concerns raised and the
problems that comes up. In the evaluation process the researchers are required to
evaluate the merit, efficacy, suitability, and conclusion of those activities. Researchers
are required to act to formulate solutions to address any problems.

The data was analysed using constant comparison analysis (CCA) technique. The technique
follows 3 major steps in the analysis process. In the first step open coding is was applied, during
this step the researchers lumped data items into small units and attached a description to each
and every lumped unit. The second step which is called axial coding the lumped units were
then grouped into sub-categories. The third and final step is the selective coding, the researchers
developed themes that represent the content of each category of code (Onwuegbuzie 2009).
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8. FINDINGS
Overally, participants from the two focus group discussions agreed that there is a need for
creating a focal point which will act a cyberport where ICT driven solutions can be obtained
based on the industry needs. A consensus was reached on the need for Zimbabwe as a
developing country to have a comprehensive framework for creating an ICT knowledge hub.
The focus group discussions settled for four components in creating an ICT knowledge hub.
These are:
8.1. Planning function
This function is concerned with formulating policies that facilitate ICT knowledge hub
creation. The policy should create an enabling welcoming environment. Apart from creating a
welcoming environment, the policy should compel other sectors of the econonmy to support
the development function. This can be done by specifying thematic needs for consideration in
the development cycle. In addition, the identification of relevant ICT infrastructure & solutions
can be achived once the needs of thematic areas are known. However, it should be noted that
need areas should be chosen based on their impact in fostering economic growth. Those with
less impact should not be prioritised. Subsequently, the planning function should establish the
physical location of the hub and react a robust ICT infrastructure in order to function as a cyber
port.
8.2. Development function
This involves the creation of database driven website, defining and establishing access
points/links in order to create a cyberport. The cyberport should facilitate internet connectivity,
open interactions and knowledge sharing among peers and users in a standard way. This will
enable knowledge to traverse around the ICT hub and support knowledge transfer from various
stakeholders.
8.3. Management function
The management function is mainly responsible for quality control, packaging and cataloguing
of solutions and reviewing and evaluating feedback from users of the ICT solutions.
8.4. Co-ordinating function
This function is responsible for marketing indigenous ICT products by carrying out vigorous
awareness campaign. This will ensure that the availability of the ICT knowledge hub is known
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to the indigenous people. The function should also ensure that R and D programmes towards
ICT knowledge hub creation are adequately funded and talent is also nurture to meet
developmental goals. In addition, the function should also oversee the incentive structure for
those who are dedicated towards the creationof the ICT knowledge hub. This will act as a
motivational factor in providing innovative solutions. Furthermore, the function should provide
feedback that can be used by the other three functions presented above.
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9. PROPOSED FRAMEWORK
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10. I.C.T Innovation fund.
The Postal and Regulatory Authority of Zimbabwe which is an arm of the Ministry of ICT,
Postal and Courier Services was mandated by the government through their parent Ministry to
establish a universal fund. This fund is levied on all Telecommunication operators in
Zimbabwe. This fund is supposed to be used for putting in place Telecommunication
Infrastructure in remote areas where operators feel that it is not economically viable to erect
infrastructure. This is meant to ensure that all the areas have access to Telecommunication
services in Zimbabwe.
The researchers gathered that the Ministry of ICT, Postal and Courier Services has established
an innovation fund from the universal fund. The innovation fund was motivated by the
demographic charateristic of the population which is heavily skewed towards youth (Agency
2012). A number of youths have come up with innovations that have been very interesting. This
prompted the Ministry to set up the ICT Achievers award annual event which have seen a
number of youth showcasing their innovations. Some of these youths who showcased their
innovative products have gone on to get lucrative contracts from big companies.
The Ministry is asking mainly the youths to come up with innovations which will see some
pocketing up to US$50 000-00 for an accepted innovation. The Ministry is actually
encouraging all who can come up with innovations that will impact people’s lives in Zimbabwe
regardless of their age.
The researchers feel that this issue of the innovation fund works well with the idea of the ICT
knowledge hub. The hub will consolidate all ICT knowledge creating activities in the country.
This will result in the elimination of duplication of knowledge creation and therefore wastage
of time and resources. There will be more complementary and collaboration of knowledge
creation processes. The hub will also enable those out of school to get access and a chance to
participate in the innovation process. The hub can also facilitate contests among university
students and lecturers and these results in state of the art innovations with high impact on
livelihoods.
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11. CONCLUSION
Technolgy is taking a leading role in fostering econnomic growth in the 21st century. Since
innovation is critical for the development of any country, knowledge hubs have come in
strongly as platforms for nurturing local technological firms and facilitating knowledge transfer
between experts and users. Therefore, each country should strive to create its own centre of
innovation (ICT knowledge hub) by gaining maximum utility from its indigenous people in
order to fully utilise ICTs for industry development and spearhead economic growth.
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ABSTRACT
This research is an enquiry into the role of Christian women auxiliary groups in establishing
mechanisms to promote women participation in entrepreneurship in Zimbabwe. It offers a
critical analysis of the mandate of women groups to promote entrepreneurship. It examines the
potential of women groups, particularly its untapped resources that could be used to establish
mechanisms to promote women participation in entrepreneurship. Drawing upon qualitative
case study from the Precious Stones women in Bulawayo, through interviews and observations,
this research examines the role of women auxiliary groups in empowering women. The results
of this research has shown that the role of the church as a transforming agent has been
accredited by many scholars but the contributions of women has largely been overlooked. The
research concludes that Christian women groups can play an important role in promoting
women entrepreneurs if they are given all the needed support. The article recommends that
different women auxiliary groups inspire and motivate women believers to make use of their
God given talents to develop successful businesses, to assist women believers who want to get
into business and to provide training on various business aspects.
Keywords: Entrepreneurship, Women auxiliary groups, Precious Stones
1. INTRODUCTION
Entrepreneurship has become a topical issue these days both in developed and under developed
countries as it is viewed as a driver of economic growth. It has become a hub for new business
development, employment creation, introduction of innovation and contribution to structural
changes in the economies as well as creating competition through launching new products and
services (Gough & Langevang, 2016). The faith in entrepreneurship has in turn driven
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governments in various countries in implementing policies that promote entrepreneurship as
these influence economic, social and political environments.
The Zimbabwean governments has not been spared in promoting entrepreneurship like its
fellow counterparts. A research carried out by Zindiye et al in 2012, revealed that the
Zimbabwean government and other institutions are playing a positive role in the performance
of Small and Medium Enterprises (SMEs) despite its challenging economic conditions . In
supporting the Zimbabwean government in its endeavour to promote entrepreneurship as a
survival technique, the church is also playing a significant role. Different religious groups have
engaged in activities that stimulate entrepreneurship development (Shumba, 2015).
Women as part of the society are also playing a vigorous role in promoting entrepreneurship
and in the past, female entrepreneurs have proven to be strong in entrepreneurial competence
despite the obstacles they face (Mboko & Smith-Hunter, 2008). In all this the role of the church
as an agent for transformation has been acknowledged by many observers but how they paved
the way for women to become active participants has been largely overlooked (Shumba, 2015).
This study therefore seeks to highlight the role of Christian women auxiliary groups in
establishing mechanisms to promote women participation in entrepreneurship. The study will
also examine platforms which are offered by Christian women auxiliary groups for example
business networking, idea generation, knowledge sharing and targeted training sessions. Rather
than ignoring these entrepreneurial ventures by different women organisations in Zimbabwe,
the policy makers should start paying greater attention to them, it is against this backdrop that
this research illustrate the distinctiveness of auxiliary women groups in establishing mechanism
to promote women participation in entrepreneurial development in Zimbabwe considering the
big following that these Christian women organisations are attracting.
As a backdrop to our study it is helpful to trace a brief historical background of Christian
women auxiliary groups in general and precious stones in particular. Women auxiliary groups
started during the colonial period with the advent of the missionary churches in Zimbabwe. In
Zimbabwe the most potent evangelistic agency of the Methodist Church among Africans
between 1920 and 1974 was the Ruwadzano/Manyano movement which had no parallel
elsewhere on the African continent outside Zimbabwe and South Africa (Zvobgo, 1991). In
order to bring African women to the forefront of the Methodist evangelism Verstraelen
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maintains that the Methodist women in South Africa are believed to have been the first to
organise themselves on a large scale from 1906, a movement called the African women’s prayer
union was launched in the Transvaal by Mrs A Burnet (Verstraelen & Franeker, 1982).
This organisation also spread to Zimbabwe in 1920 where it known as Ruwadzano in
Mashonaland and the Manyano in Matabeleland. One of their vision was to be relevant in their
own context. C.J.M Zvobgo was the first African to highlight the role that was played by
women organisations in the growth and expansion of the Christian community (Zvobgo, 1996).
Just like the missionary movement, and thereafter the independent churches and other religious
movements, the women’s league or women’s church spread northward.
Zvobgo also provide useful information on the activities of the Ruwadzano in the Wesleyan
Methodist church, the vashandiri in the Swedish church and the sungano yamadzimai in the
Dutch Reformed Church. Chitando highlight on the work of madzimai edoka of the seventh
day Adventist (Chitando, 1998). This also saw the rise of women organisations from the African
initiated churches like the gracious women of the ZAOGA FIF.
It is not possible to review all the sources about Christian women organisations in this paper.
However, it is important to note that most writers point out to the need for more effort regarding
the role of women in transforming livelihoods. It is within this context that this paper will turn
to look at the role of the women auxiliary groups in establishing mechanisms to promote
women participation in entrepreneurship development. But will first give a historical overview
of the Precious stone
Precious Stones is a women’s auxiliary group of the family of God which was founded by
Prophetess Dr Rutendo Wutawunashe (1, 2016). The ministry was founded with the vision to
harness women of wisdom, wealth, true beauty, fear of God, excellence, strength and honour.
The name Precious stones was derived from emerald that came from the washing of the lump
of soil in her vision and the ruby mentioned in Proverbs 31:10.
From its inception on the 26th of February 1992 the Precious Stones ministry have spread to
the worldwide Family of God churches in the nation and in other parts of the world where the
church is found (1, 2016). Dr Wutawunashe is the visionary of Precious stones women and
girls’ ministry, a women empowerment arm of the family of God church. From the previous
discussion and historical overview of Precious Stones it can be noted that while Christian
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women auxiliary groups differ in terms of structures, intent many were formed for the same
goals. Yet as noted in the introduction of this research, the organisations have received less
attention among the press and academics there are a few academics who have taken an interest
in studying the role of women’s auxiliary groups in the development of the country in general
and the economy in particular.
The outline of this paper is as follows. The paper starts with an introduction which is followed
by objectives, methodology and results of the study. Lastly the paper gives conclusions and
recommendations.
2. OBJECTIVES
a. To establish the contributions of Christian women auxiliary groups in promoting
participation of women entrepreneurs.
b. To examine the impact of women Christian auxiliary groups in establishing mechanism
to promote women entrepreneurship.
3. METHODOLOGY
This study adopted the persuasive case study approach. While other scholars argue that a
persuasive case study can never be used to prove a theory it is very useful when it comes to
illustration, motivation and inspire readers to better understand and appreciate a particular
theory (Siggelkow, 2007). Twenty women from different auxiliary groups in general and 30
from precious stones in particular were interviewed for this study and their qualitative
responses provide the basis on which the research deduces its findings. Through interviews and
document analysis, the research sought to better understand how women auxiliary group
members felt about their role in promoting entrepreneurship development in Zimbabwe. Dindia
and Allen (1992) postulates that women tend to be more willing than men to disclose their
experiences and emotions to strangers and in particular to other women (Dindia & Allen ,
1992). Participant observation was also used to bridge the gap created by some sensitive issues
which believers are not prepared to share about their faith because they regard some things as
sacred and personal between themselves and God.
4. RESULTS
This research have found that Christian women auxiliary groups in most churches constitute
more than 75% of the total membership of the church, for example the Ruwadzano/Manyano
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of the Methodist Church has a total membership of + or – 20 000 throughout the country. The
interviews carried out revealed the following:

Reasons for Membership to Women Auxillary
Groups
10%
Voluntary

30%

Peer Pressure

60%

Motives

Diagram 1: Reason for membership to women auxiliary groups
Thirty interviewees (60%) revealed membership to the auxiliary groups are voluntary which is
a positive thing as they are not imposed, actually the women agreed that these groups are a
source of empowerment. However, the research revealed that 30% (fifteen) joined due to peer
pressure whilst 10% (five) joined because of other motives, such as fulfilling their sense of
belonging. It then follows that whatever the women are taught in these groups, despite the
reasons for joining, they take it seriously. Hence if the government and policy makers are to
utilise these platforms and compliment what they are doing towards entrepreneurship then
these groups will definitely make an impact on the country’s economy. This concurs with
Dickson’s comment on auxiliary groups in Melanesia saying, these days’ Christian women
organisations in Melanesia typically supplement their traditional feminine pursuits with a keen
interest in development and social issues but they are still too often overlooked locally because
they are not secular (Minniti, 2003).
Women auxiliary groups meet regularly, at least once a week. This is supported by the research
which revealed that 84% meet once a week and the remainder, 16%, met twice a week as
reflected in Table 1:
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Category
Precious stones (30 respondents)
Other (20 respondents)

Frequency of meetings
Once a week
Once a week
Twice a week

Response rate
30 (100%) – 60%
12 (60%) – 24%
8 (40%) – 16%

Table 1: Frequency of meetings
The women auxiliary groups meetings provide a forum for all kinds of issues to be discussed
from spiritual, social, economic and other spheres of life which help women to be relevant in
their communities. These topics are addressed by guest speakers who broaden and even
globalise women horizons. In addition, they also do peer teaching where members share their
life experiences, how they tackled challenges in their lives. Gondongwe (2011), sited that the
Ruwadzano organisation, a women auxiliary group from the Methodist Church, was formed as
a realisation that the most effective method of presenting the gospel is by Africans witnessing
to Africans. It is in this context that the discussions during the women auxiliary groups’
gatherings can impact positively on the group members. Hence informal learning from one’s
peers especially for women, is likely to be more effective than educated people often realise.
Therefore the auxiliary women groups can be used in establishing mechanisms to promote
women participation in entrepreneurship because they are a ready platform for women to share
ideas.
The research revealed that, the Christian women auxiliary organisations are playing a
significant role in promoting entrepreneurship amongst their members. The diagram below
avails the research findings:
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Diagram 2: Benefits of Christian Women Auxiliary Groups
Thirty-five (75%) of the respondents agreed that the groups help them in establishing
mechanisms to promote women participation in entrepreneurship development is their growing
networks. Thirty (60%), shared that these women organisations continue to draw more women
regardless of their status, women of mixed backgrounds meet and share ideas therefore
spreading the gospel of entrepreneurship in Zimbabwe. Forty (80%), of the respondents
revealed that these groups hold national conventions which bring women congregants together
from all over Zimbabwe. It therefore follows that such forums within women auxiliary groups
provide a forum for women to participate in entrepreneurship development. This will maintain
households’ stability in the face of hostile economic and social limitations. Furthermore, fortytwo (84%) of the respondents concurred that there is provision of expansion of customer base
within these groups due to the networking.
The research established the role of the church as agents for change which has been
acknowledged by a majority of the respondents (90%), thus fulfilling the gap that existed prior
to this research (Shumba, 2015), on how the church has paved the way for women to be active
in their communities which had largely been overlooked. Findings have also showed that
Christian women’s groups can empower congregants to start businesses through application of
Christian ethics. If these Christian ethics are applied to entrepreneurship development then the
government is assured of a new crop of entrepreneurs who are guided by biblical principles.
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These groups can work to inspire and motivate believers to make use of their God given talents
to develop successful businesses. Julbert (2000) holds that countries with women active in the
business arena have shown a steady economic progress and growth (Minniti, et al., 2004).
Business fellowships is another strategy that women auxiliary groups use to equip women and
train them thus enhancing women entrepreneurship development. This supports the research
carried by Minniti et al (2004) whose statistics show that women are important drivers of
growth in many of the world’s economies. In turn, this will lessen one of the biggest challenges
that many Christian women face of not having specific skills thereby preventing many women
from venturing into self-employed businesses (Minniti, et al., 2004).
In supporting the government in its endeavour to promote entrepreneurship as a survival
technique the Christian women auxiliary groups have engaged in many activities that stimulate
entrepreneurship. 85% of the respondents are involved in different business enterprises which
includes bead making, peanut butter making, tailoring and selling goods from countries like
South Africa, Tanzania and Dubai. The above mentioned activities have shown that these
women guilds are not left out in the in the Zimbabwean agenda for sustainable development.
However, the findings indicated that other women’s organisations (10% of the respondents),
have not embraced social and economic issues such as their focus is still much on spiritual
concerns. They spend most of their time discussing about family problems regarding children
and husbands, to the extent that their programmes do not include topics on civil society.
6. CONCLUSIONS
This research has concluded that Christian women auxiliary groups can play an important role
in establishing mechanisms to promote women participation in entrepreneurship if they are
given all the needed support. The research has established that these groups attract a lot of
women from different backgrounds creating fertile ground for entrepreneurship ventures.
The research also conclude that Christian women auxiliary groups offers women with a
platform for networking. Their structure allows them to network at various levels, sharing and
generating business ideas, thereby establishing mechanisms to promote women participation
in entrepreneurship development.
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The research has also concluded that women auxiliary groups operates from the logic of
empowerment rather than control and that empowerment approach can motivate more women
to participate in entrepreneurship development programmes. Women are taught the spirit of
unity and cooperation using their God given talents and biblical principles.
Creativity and hardworking are other crucial aspects of women auxiliary groups which can
promote women participation in entrepreneurship. Although this paper speaks out of a specific
context, it addresses issues which affects the lives of many Christian Women auxiliary groups
in Zimbabwe and beyond, and as such it is a partner in the preaching of the gospel of
entrepreneurship development.
7. RECOMMENDATIONS
The research recommends women auxiliary groups to create platforms where women create
business partnerships and encourage each other. The research also recommends that policy
makers to work towards creating an enabling legal and political environment that encourages
women’s access to resources to launch and grow new businesses. It is time that as a country,
stakeholders start to take these initiatives very serious for the development of families,
communities and the country at large. Such initiatives will lay a foundation for the active
participation of women in civil society and signalled a fundamental change for churches away
from inward spiritual concerns to issues of public interest affecting the country. Most observers
look past women organisations thinking that women’s fellowships are only interested in
spiritual matters such as bible reading and singing (Brush, Carter, Gatewood, Greene, & Hart,
2005)
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ABSTRACT
This paper gives an evaluation of women entrepreneurs in Zimbabwe and presents a framework
for adoption in order to boost women technopreneurs. Vast majority of the women
technopreneurs operate a home business that seldom grows to be a full-fledged business with
regional and global impact, therefore there is a need for the creation of structures both at policy
and individual level that supports women’s contribution to technology based businesses that
drive and boost national economy. The research approach adopted used both qualitative and
quantitative approaches in gathering information from both informal and formal business
owners. A combination of interviews and field observations were amongst the research
methods deployed. The results of this paper are a framework with suggested tools, policies and
intellectual property procedures that women technopreneurs can use to establish themselves in
the competitive world of business. The framework is recommended for adoption by business
owners, especially women, in the Science, Engineering and Technology fields in Zimbabwe.
Key Words: Women technopreneurs,

Intellectual Property, Science, Engineering

&Technology
1. INTRODUCTION
In Zimbabwe, the number of established women entrepreneurs is still very low, especially with
the daily challenges faced as women try to establish a balance between home and their business.
The concept of a Zimbabwean woman owning and running a technology-based business is still
a far off ideology that has caused many women, including those established as scientists and
engineers, to shrink away from an otherwise viable opportunity to contribute to futuristic
entrepreneurship. In looking at the reasons behind this, the challenges faced by women
technopreneurs, existing and aspiring, needs to be highlighted. However, there is limited
research that analyses the perspective of entrepreneurship of highly educated women and their
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choice on whether or not to use their professional trade capabilities in launching a business.
This study endeavored to contribute in closing this gap through revealing challenges faced,
common and specific, that affect the choice of trade based entrepreneurship of women, with a
focus on Engineering, Science and Technology. The study also endeavors to provide a solution
to increase the adoption of trade based entrepreneurship by women.
1.1 Current status of women entrepreneurs
According to Nathan Associates Inc. (2016), there are a number of organizations and policies
that focus on supporting and engaging with women in business. However, a majority of women
entrepreneurs have inadequate access to or information about these opportunities. The
demographic of women with registered businesses shows an existing gap in engaging more
women to pursue formal entrepreneurship, see Table 1.
Table 1: Ownership of Registered Businesses
Employees
0 to 4
4 to 9
10 to 19
20 to 29
30 to 49
50 to 99
100 and above

Male
18,464
1,368
726
270
208
185
118

Female
5,298
333
97
28
17
8
5

Joint Owners
3,603
715
345
98
77
60
43

Source: ZIMSTAT (Zimbabwe National Statistics Agency) 2015 cited by Nathan Associates
Inc. (2016)
Matondi (2013), points out that while there are now more initiatives available to support the
women entrepreneurs, and entrepreneurs in general, it is prudent to note that most women
endeavor to pursue entrepreneurship more out of necessity , that is to seek livelihoods for
themselves and their dependants, than for a core desire of wishing to be an entrepreneur. This
presents a challenge in many women entrepreneurs focusing mainly on providing a source of
short-term income than on growing their enterprises into established business with far reaching
impact and influence.
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1.2. Challenges to women entrepreneurs
Women in developing countries continue to experience problems related to lack of money,
resources and economic power (Chitsike, 2000). According to Nani (2011), women
entrepreneurs tend to face challenges that are common to most entrepreneurs and also
additional challenges that are unique to their sex.
1. Lack of accessible role models: The OECD report (2004) points out that the choice to be an
entrepreneur is more likely, if role models are present who are of the same sex as the individual
and who are immediately accessible for consultation i.e. parents, teachers or friends.
2. Lack of experience or skill: Highly educated women seem to choose other career options
than entrepreneurship, with high dominance in entrepreneurship by unskilled women or already
wealthy and skilled women. This phenomenon, would translate in a large number of women
entrepreneurs being less skilled than their male counterparts, thus creating a situation where
the probability of survival and growth of their firms is lower than those created by men.
3. Lack of relevant networks and of societal position: Chipika (2011) highlights that women
are less likely to have business oriented social networks or participate in business associations
that are sources of important information on standards and new markets. This informality in
networks, according Nathan Associates (2016), restricts women's access to market information,
networking, business linkages and training opportunities. The OECD report (2004) reiterates
this in illustrating that the role of networks is that of providing information, possibilities and
support and with women having more informal, family oriented networks, this restricts their
growth as entrepreneurs. In addition, societal position tends to determine the social networks
an individual has access to.
4. Lack of wealth: In starting an enterprise, financial assets and relevant knowledge assets are
a requirement. The constraint of family obligations make it harder for women entrepreneurs to
engage fully in entrepreneurial ventures, with many choosing to take on low paying part time
work.
5. Competing demands on time: For women, their responsibilities span across various
domestic responsibilities, and at times paid work responsibilities, they do not have enough free
time to develop any entrepreneurial endeavors.
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6. External finance and sex discrimination. Women business owners have less personal
savings to start a business and have less access to collateral to obtain finance (Nathan
Associates Inc., 2016). Manyoni (2011) supports this by mentioning that most aspiring women
entrepreneurs face difficulties in providing collateral as required by banks in order for them to
secure loans, due to a large number of household assets being owned by men. There is a larger
number of women have lower personal financial assets compared to their male counterparts. In
addition, though it is becoming less common, there is a still challenge where women have a
lower probability of getting human and financial assistance because of their sex (OECD, 2004).
Mboko, Smith-Hunter (2009) point out that women entrepreneurs have faced systematic
prejudice, discriminatory policies, financial constraints and have been educationally
handicapped in terms of business and technical skills.
2. OBJECTIVES
The overall aim of this paper is to give an evaluation of women entrepreneurs in Zimbabwe
and presents a framework for adoption in order to boost women technopreneurs .The objectives
of the study that were set in order to facilitate the achievement of this aim were:


To determine the factors that serve as barriers to women entrepreneurs



To analyze the impact of existent practices and structures on women operated business
ventures



To develop a framework that serve as a guide for the facilitation and launch of women
owned technology enterprises.

3. METHODS
The study conducted was qualitative in nature and it was done so as to establish a framework
that can be adopted in order to boost women owned science, engineering and technology based
business enterprises in Zimbabwe. The qualitative approach adopted was done as suggested by
O’Sullivan et al. (2003), which suggests the research methodology is adopted particularly when
there is need to gain an understanding of underlying reasons, opinions and motivations of a
group of individuals, which in this case are male and female entrepreneurs.
The study was conducting using a hybrid of research sampling tools namely convenience
sampling, random selection and snowball selection of female and male professionals, who are
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business owners operating informal or formal firms in different sectors. According to Blumberg
et al. (2011), convenience sampling is a non-probability sampling techniques, where a sample
is made of people who are easy to reach and this was a method that was used in this study.
Random selection was also used to provide a variety of responses that give a more or less
normalized range of responses and snowball selection occurred particularly in cases where an
interviewed participant referred the researchers to other potential interview participants.
All the participants were selected based on their accessibility and their ability to provide usable
data. Therefore all participants were chosen from the city of Harare and in addition Harare has
a higher level of business activity compared to other cities around Zimbabwe. Data was
collected from twelve professional women and two professional men, who ran part time and
fulltime business ventures using both face to face interviews and mobile phone interviews. The
purpose of the interviews was to capture the challenges faced in starting and running their
business enterprises. An interview guide was compiled and used as a data collection instrument
for all participants. The interviews were unstructured, so as to allow the participants to answer
the questions freely and therefore capture other data that would give an in depth insight in the
participants' attitudes and perceptions of their entrepreneurial undertakings and be of possible
relevance to the study.
All participants of the study were advised that their participation in the study was strictly
voluntary and assured of the anonymity of their responses and company profiles. Site visits
were conducted at four of the participants’ business premises, so as to gain an appreciation of
the methods and practices implemented in running the various enterprises. Literature was
surveyed so as to ascertain the information available on women entrepreneurs and the
structures, policies and practices in place and available to support women owned enterprises,
as well as also bring to light possible obstacles. Data collected was then analyzed by the
researchers and a framework was then generated looking at the stakeholders most likely to be
affected by the framework structure being implemented.
4. FINDINGS
The study involved fourteen participants, twelve female professionals and two male
professionals, who ran a combination of formal and informal business ventures. The age
demographic of the participants was within the range of 25 years to 45 years of age. This section
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gives an account of the findings from the interviews and site observations that were carried out.
Figure 1 shows the distribution of participants based on their professional trade background

Figure 1- Professional trade background of participants
Table 2 illustrates the industries the fourteen participants operated their businesses within.
Table 2 Industries
Industry
Food
Apparel
Cosmetics
Energy
Fabrication
Other
Total

Male Female
2
4
3
1
1
1
1
1

Total
2
4
3
2
2
1
14

Of the participants, it was revealed that the majority although having technical expertise were
operating in an industry that was different from their professional training. Figure 2 shows this
distribution.

Figure 2 – Proportion of technology based business ventures amongst participants
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Table 3 holds a summary of the responses from the interviews conducted.
Table 3 – Survey responses
Description

Male

Female

Total

Registered company

1

2

3

Working towards registration

1

2

3

Technology based business

2

2

4

Prior business/start up experience

1

3

4

Business venture run for more than 3 years 1

5

6

Business run part time

1

10

11

Business run full time

1

2

3

Figure 3 gives the distribution of respondents who entered entrepreneurship out of necessity
and out of the desire to be an entrepreneur. All the female participants said they entered into
entrepreneurship due to the low or unreliable remuneration from their paid jobs. Their need to
secure and support dependents and self meant they constantly search for methods to earn extra
income, entrepreneurship being one such avenue. Two of the female participants expressed that
though their business ventures started out of necessity, they also had a desire to become fullfledged entrepreneurs in their own right. Of the male participants, one entered entrepreneurship
with the desire and motivation of becoming an entrepreneur, whilst the other entered
entrepreneurship both out of necessity and desire.

Figure 3 Reason for venturing into entrepreneurship
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4.1 Challenges
All participants of the study highlighted that the key challenge of pursuing entrepreneurship
ventures was the uncertainty in the economy. All expressed their concern of inadequate funding
and access to resources that would help boost their business operations. Ten of the female
respondents pointed to the lack of time, due to commitments from job and family, as a main
deterrent in growing their business into viable ventures. Another challenge highlighted by the
majority of participants was the aspect of having to work alone on most of their business
ventures. This, as expressed by some of the participants, was due to lack of trust in other
individuals being as committed to the success of the business enterprise. Participants, who
were pursuing entrepreneurship ventures that appeared divorced from the professional trade
capabilities they possessed, were asked for the reason behind this. The majority expressed
inadequate funding, the lack of accessible female role models within the areas of science and
engineering, fear of failure and discrimination as factors for choosing business ventures that
were more common and apparently ‘safe’ for women to pursue. Fear of failure and inadequate
funding ranked the highest in the responses as key components that affected the uptake of
technology based business.
4.2 Reasons for success
All of the female participants who had run their business ventures for more than three years
pointed to access to a business oriented network, formal and informal, as a key factor behind
their ventures lasting for more than three years with three participants citing various banks,
business societies, private sector and government initiatives as their source of support. In terms
of registration and development of companies, all participants, who had successfully done so,
or were working towards doing so, expressed the support and encouragement of their spouses
as a factor that allowed their pursuit of these milestones. All participants of the study advocated
adaptability, commitment to and resilience for the success of the business venture were other
key factors to its success. Other factors mentioned by the participants, but not necessarily
shared, were access to appropriate technology, uniqueness in the product and speed of
convenience to the customer.
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5. DISCUSSION
All the participants in the study had undergraduate education in the professions of engineering,
science and business. The findings seem to reveal that there was a difference in how
entrepreneurship was approached, based on the age of the individual. Older participants , that
is above the age of thirty five appeared to show a more serious approach towards
entrepreneurship, whereas those below thirty five years showed more versatility in changing
entrepreneurial focus to other industries. However, age may not only be the contributing factor
but aspect of family and marital responsibilities also appeared to influence the perspective of a
participant.
Majority of the participants preferred to opt for business ventures differing from their
professional line of training, due to the ventures being ‘tried and tested’. The market for their
product it appeared was more visible as their main customers came from their existent family
and friend i.e. informal networks and therefore a market that is easily accessible. Opting for a
technology based business, would likely require them to seek customers beyond their familiar
ground, which some of the participants expressed as daunting.
Entrepreneurship being more of a venture of necessity amongst most of the participants has
two possible implications. The first being their commitment towards business success is
significantly increased as their motivation is that of economic survival for themselves and their
dependants. The second being the likelihood of them, leaving the business and defaulting to a
paid job if remuneration becomes more favorable, a hope that some of the participants
expressed. The second implications, as a result meant that the dedication to grow the enterprises
into viable ventures that gave reliable employment to others is still a work in progress.
Increased family and social commitments, particularly for the female participants, also
appeared to lend to the neglect of the business ventures and no desire by some of the study
participants to grow it beyond what they perceived as manageable and hence, the ventures
remained small.
The majority of the participants expressed their hesitation in adopting technology based
enterprises in line with their professional trades due to what they perceived as a lack of viability
in the short term and the possible large investment of time, finance and commitment required
in order for the business to take off. Those participants who did manage to embark in
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technology based ventures as their entrepreneurial focus agreed that without viable and
accessible support from a network, family or spouses, there is a higher likelihood of failure of
such enterprises.
The scope of this study was limited to Harare and due to the use of convenience sampling, a
small sample of fourteen interview participants was used, this may have introduced biases of
opinions from the selected individuals. In addition, all aspects of entrepreneurship of women
was not covered in this paper, therefore more research is required to draw out information from
a larger sample of entrepreneurs particularly in those in technology or trade based business
ventures and who are women.
6. CONCLUSION/RECOMMENDATIONS
Using information gathered from the study, in order to boost the adoption of technology based
business by women entrepreneurs, the establishment of a framework is required. The success
of the framework is dependent on:
1. Attitudes and values – these need to be shared and include:


A passion to make a difference in the Zimbabwean community



Resilience in the face of discouragement or pressure



Acceptance and encouragement of diversity in backgrounds i.e. age, ethnicity, culture
etc



Acceptance of risk and failure as part of the entrepreneurial path.

2. Goals and practices – again these need to be shared and include:


Use of flat communication models



The analysis, taking apart and improvement of all ideas



Inspiring a cycle where women entrepreneurs in turn become investors in other women
entrepreneurs technology enterprises



Establishing a safe network for the free exchange of ideas

With the above in place, a framework was developed and proposed and Figure 4 illustrates an
excerpt of the stakeholders involved.
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Figure 4 – Stakeholders
Figure 5 shows the framework developed. The developed framework looks to shift focus from
the individual and move it to the technology business.

Figure 5 Developed Framework
This shift in focus, allows the woman entrepreneur to freely view themselves and their skill as
an input to the business as opposed to the core of the business. With this approach, reaction to
and burden of risk and failure is now separated from the individual and attributed to the
business. But in order for the facilitation of this and also increasing the appeal of adopting a
technology based entrepreneurship model, a safety net needs to be available to the woman,
hence the incorporation of both family and business networks within the framework. While
there are a number of initiatives are in place from government and banking programs, there
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needs to be increased awareness of availability of such finding through media and other forums
such as technology meet ups designed for the woman technopreneur. Involvement of women
entrepreneurs in formal business networks that are streamlined to tap into their individual
technical skills base, is also a method to further boost adoption of technology based ventures
by women. The framework incorporates the woman incorporating her family in the
development of a business. Whilst this still serves as challenge with the inadequate
representation of women entrepreneurs with technology based businesses, incorporation of
family can lead to the influencing of family members towards entrepreneurship and them also
learning the mutual benefit entrepreneurship can bring if pursued with the full commitment and
resilience required. Further the inclusion of family, networks and use of media and other
campaigns to educate society may bring about a shift that will allow the woman entrepreneur
to free up more time to focus on the development of her technology enterprise without missing
the relationships; she uses to define who she is as an individual. The framework also suggests
that the use of a minimum of two founders in the facilitation of technology based business
ventures. This is due to the researchers findings that the founders of a business enterprise tend
to have a higher sense of commitment to its success. Therefore, by having a minimum of two
founders with separate expertise in management and technology development will assist in
addressing the problem of working alone, availability of time and success through
collaboration. Further recommendations are:


Policy makers should hold frequent lectures, workshops and informal meetings around
technology, business, financing, marketing, laws and IP rights so as to create a vibrant
technology driven business culture.



There is need to attract and retain talent by forming policies that are favorable to skilled
labor force i.e. scientists and engineers.



Continuous investment in technical education and exposure at all levels of education is
also a recommendation, so young girls and up and coming engineers and scientists see
the viability of starting and owning technology driven enterprises.
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ABSTRACT
Small and Medium Enterprises (SMEs) are important as they contribute to economic growth.
Globally women are involved in entrepreneurship. They occupy very important position in the
economic growth and development of nations. The success of the entrepreneurs is hampered
by global economic crisis. To enhance continued participation and develop SMEs as a thriving
sector in Zimbabwe the government intervention was a necessity. The study sought to establish
and assess the impact of mechanisms that enhance women participation. The study was a case
study of women entrepreneurs in Mzilkazi district. Sample of the study constituted women
entrepreneurs in tailoring, milling, poultry, gardening, crafting and pottery. In depth semistructured interviews were conducted with an official from the Ministry of women affairs, ward
coordinators and women entrepreneurs in the district. The qualitative interviews allowed for a
comprehensive insight into the mechanisms that are in place and their effectiveness. The results
showed that women entrepreneurs have support from the government through women
development fund, business linkages, skills development and the legal framework. Lack of
collateral and supporting documents required restricted women entrepreneurs in accessing
loans. Their knowledge on business skills improved after training. A combination of
mechanisms is key in improving women entrepreneurs’ business practices.
Key Words: Entrepreneurial mechanism, women entrepreneurship, Small and Medium
enterprises, economic growth
1. INTRODUCTION
Small and Medium enterprises (SMEs) in Zimbabwe emerged as a result of economic
challenges the country experienced after the adoption of the Economic structural adjustment
programme (ESAP) from 1991-1995. The programme was associated with policies allowing
market forces to operate with minimum government interference (Tekere 2001). ESAP resulted
in decline of production in the manufacturing sector leading to workers being retrenched. SMEs
became a major livelihood in an environment marked by company closures and retrenchments.
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The economic crisis worsened in 2007-2009 when it was now characterised by foreign currency
shortage, hyper inflation resulting in the loss of jobs on the formal market. The scarcity of jobs
on the formal market resulted in the increase in small businesses. According to the 2015
National budget report 60% of the country’s workforce is now employed in the SMEs
contributing 50% of the GDP (2015 national budget). Women also make a contribution as they
account for 53% of the total SMEs.
In India 10.11% of the MSE are owned by women, while in the European Union 31% women
are self employed (Willemijin 2013). Women now contribute significantly to economic growth.
Governments now look to entrepreneurship as a critical driver of economic growth and job
creation. South Africa has placed high value on entrepreneurship (Chinomona et al 2015).
Although governments have come up with interventions and support mechanisms for SMEs
very little has been researched on their effectiveness in enhancing and increasing women
participation.
Although national governments differ in their definitions of SMEs, the differences depend on
how much income is considered, number of employees or the values of assets. According to
Appleby (1999 cited in Gombarume and Mavhundutse 2014) a small business is independently
owned and operated, has a capital contribution from a limited number of individuals, would
operate in a local area and is probably not dominant in its field of operation. Women have taken
initiatives and associated risks in starting businesses hence they needed to be supported to
improve their business practices and increase their participation.
The government of India has over 27 schemes for the promotion of women entrepreneurship
(Dangi et al 2014). Among the mechanisms is the physical infrastructure (where sites are
developed as display centres), financial assistance through credit guarantees fund and free
courses for entrepreneurship and management development. This is done after the realisation
that promoting women entrepreneurship leads to rapid economic development.
The government of Sri Lanka also realised that the SME is a sector for growth and development
hence the development of a national policy framework for SMEs and development. The policy
stipulates the enabling environment for SMEs. These include the legislative framework,
infrastructure, finance, marketing, and culture and skill development, (National policy Sri
Lanka). Monitoring and evaluation of the effectiveness of these mechanisms is very essential.
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The mechanisms were implemented to enhance women participation in the face of economic
challenges. Some of the economic challenges faced by SMEs range from inadequate financial
resources, lack of skills, marketing, competition and legal framework (Sharma 2012, Wube
2010).
Governments expect outcomes from their efforts. The expected outcomes are business startups, improved business skills, increased market access as intermediate outcomes. The final
outcome will then be business growth, increased revenue which gives rise to the GDP. The
outcomes assist in assessing the effectiveness of the intervention mechanisms.
In the European Union entrepreneurship is seen as a catalyst for economic growth and
competitiveness (Willemijn 2013)
Although the role of SMEs is recognised in Zimbabwe as it accounts for economic activity and
wealth creation (Gono 2009) it is also important to assess impact of the interventions strategies.
2. OBJECTIVES


To establish mechanisms in place for women entrepreneurs



To assess the effectiveness of the

enabling mechanisms in enhancing women

entrepreneurs’ participation
3. METHODOLOGY
The study was a case study of women entrepreneurs carried out in Mzilikazi District in
Bulawayo Metropolitan Province. Purposive sampling was used to solicit data from women
entrepreneurs. The sample of the study constituted women entrepreneurs in tailoring, milling,
poultry, gardening, crafting and pottery. In depth semi-structured interviews were conducted
with an official from the Ministry of women affairs, 3 ward coordinators and 20 women
entrepreneurs in the district. The qualitative interviews allowed for a comprehensive insight
into the mechanisms that are in place and their effectiveness. Data was also gathered using
focus group discussions, document analysis and observation. The focus group discussion were
only limited to the tailoring, poultry and gardening who worked in groups. Documents were
analysed from those that were voluntarily availed to assess the implementation of the record
keeping skills. Permission was sought in advance from relevant authorities and consent of the
participants. Data was coded and according to Bryman et al (2011) it is the starting point in the
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analysis. Different themes emerged from the coded data. A descriptive analysis of data was
made with an aid of a network diagram as shown in Fig 1.

Fig 1. Challenges and mechanisms (source interviews)
The network shows that on one hand women entrepreneurs face challenges in their operations
and on the other there are mechanisms implemented to enhance their participation. The network
shows that even though there are enabling mechanisms for women entrepreneurs they are still
not divorced from challenges of the same nature.
4. RESULTS
The coded data showed different themes that emerged. The research revealed that women
entrepreneurs like any other business in Zimbabwe are affected by the economic challenges the
country is going through. The challenges emanate from the unfavourable macro and micro
environmental forces. However there are mechanisms in place to enhance their participation.
4.1 Mechanisms
4.1.1 Legal framework
The interviews conducted with the women involved in peanut butter making showed a
unanimous welcome of the Statutory 64 of 2016 which protected them from the importation of
peanut butter which they were making. One participant commented;
“We thank the government for protecting us, our sales are now improving because we
now experience return purchase of our peanut butter”
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However, the situation was not the same with interviews conducted in the tailoring sector. One
tailor echoed;
“These days’ people are not coming to us to buy our clothes or make any orders because
they buy second hand clothes. Can you imagine a blouse is sold for 50 cents, we cannot
compete with them? We buy material, pay rentals”.
Sentiments were raised as to lack of strict measures to deter people importing second hand
clothing:
“We wish the government takes stringent measures, even if they say it’s illegal to import
the second hand clothes but we see them being sold in large quantities, how are they
coming into the country”
The interviews also revealed that some women entrepreneurs were not registered with the
Ministry of Small and Medium Enterprise. On asked why they are not registered they had this
to say
“I only looked for a space to rent and do my tailoring”.
“Those people require a lot of paperwork”
4.1.2 FINANCE
Financial platforms encourage women entrepreneurs to enter into business ventures. A number
of mechanisms are in place for women entrepreneurs to access finance but access to it remains
a critical challenge (Gono 2009). The interview with official from the Ministry of women
affairs revealed that women entrepreneurs can access finance from the Women Development
Fund (WFP). Women are required to group themselves into three or five and apply for funding
from the WDF. The fund is only applied for by those whose businesses are running and after
presenting a good proposal. Groups have since benefited in the district one involved in poultry
and the other uniform making (Tailoring). A 10% interest is charged per annum.
“We received the money after almost a year having applied. We were asked to pay
before we even made any profit and interest is high, our project is still small”.
The cost of borrowing is high for the small entrepreneurs. The findings also show that officials
from the Ministry visit the beneficiaries monitoring the success of the projects.
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The women empowerment fund (WEF) also injected $500.000 loan project to more than 300
women in Bulawayo. Loans were ranging from $50.00-$500.00 and paid in a period of 3-6
months.
“Even if you are applying for $500 they want a proposal, proof of residence,
constitution, ID. We end up paying $25 for proposal because we do not know how to
write it”
Women entrepreneurs go through complex and time consuming procedures when applying for
capital from the fund and banks. These consequently turn their motivational spirit off as
business start ups (Bajpai 2014). Some participants raised the following;
“We have limited access to finance because we do not have the collateral which the
banks require. The banks don’t seem to trust us”.
4.1.3 Education and training
The level of literacy among the women entrepreneurs differ. The literacy gaps can create
problems in the running of the business, especially the financial management. However there
are mechanisms in the district to assist women entrepreneurs.
“We receive people from the Ministry of women affairs who come to train us. We were
motivated and encouraged.. We were told the success stories of other women”
The ward coordinators identify need gaps and organise training on business management.
A research conducted in South Africa (Chinomona 2015) showed that the major weakness in
women entrepreneurs is lack of education and training. Interviews with official from ministry
of women affairs showed that women entrepreneurs benefited from training conducted by
ZIMTRADE. The participants had the opportunity of being trained in the development of
export skills. Participants in crafting had this to say:
“We were enlightened as we were made aware that our wares can be exported”
Some participants in some sectors showed ignorance of such training.
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Training is also done on business management and book keeping. However, the books kept by
the entrepreneurs were small A5 exercise books with no proper financial record. Some
participants were not free to discuss their financial records.
4.1.4 INFRASTRUCTURE
Some entrepreneurs lack proper infrastructures to run their businesses. There are no proper
shelters to display their product.
The roads in the district have potholes which might deter customers to visit the area.
Entrepreneurs in crafting, basketry and pottery receive tourist who come to purchase their
products
4.1.5 BUSINESS LINKAGES
The women entrepreneurs in the district are assisted by the ministry of women affairs through
payment of stand at the Zimbabwe international trade fair (ZITF) to market their products and
be linked to the business world.
“We thank the Ministry as they help us market our products. We should organise
business expos as women entrepreneurs at least per quarter in our district”.
The participants were asked if they had the opportunity of showcasing their products at the
SMEs business linkage expo held in Harare.
“We are not aware of that and in any case we produce peanut butter on small scale”.
The findings from the focus group discussions with participants in poultry and gardening
showed that small entrepreneurs are ignorant of other women platforms such as the
Professional women, women executives and business women’s forum (PROWEB) which
enables business women to grow.
“We need to be capacitated in our business. These organisations you are talking about
should come to us”
This was echoed by participants in tailoring after the mention of African Women’s entrepreneur
programme (AWEP) who develop women entrepreneurs and capacitate them for business and
trade. Lack of information of such organisations weakens their link into the business world.
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5. DISCUSSION
Results showed that there are mechanisms which enhance women participation if they are
effectively implemented. The Statutory instrument 64 of 2016 has reduced competition among
peanut butter makers from foreign products. Some of the sectors in the district are not covered
by this instrument. Those in the pottery bemoaned the imported porcelains which are in the
market. Women entrepreneurs in the tailoring industry are affected by the influx of second hand
clothing.
The findings about financial mechanisms showed that some women entrepreneurs in poultry
and tailoring benefited from women development fund. However, the loan payment period of
3-12 months is not giving them enough time to build profits. Interest rate of 10%-15% on loan
is too high as they are operating on small. Participants in tailoring confessed that at times they
would not service their loan for two or three successive months due to low sales. By defaulting
in servicing the loan the sustainability of the projects is affected. The problem was also noted
by Selome & Tshuma (2014).
The results showed that the avenue of getting loan from bank has proved to be difficult. The
participants do not have banking accounts. Banks demand collateral which is non existence to
most of the small entrepreneurs. There if lack of trust as they are not fully recognised.
Women entrepreneurs are trained on basic business management through need identification
by ward coordinators. The training motivated and inspired them as they received success stories
of entrepreneurs from other districts. Information dissemination is not effective as some
participants received training from the ZIMTRADE and others were ignorant about such
platform.
They are linked to the business world during ZITF locally and internationally as some
foreigners buy and exchange information with them. Women entrepreneurs in the district show
lack of confidence in participating in SMEs expo outside their region. They also lack
knowledge of other organisations which can link and develop them.
Most of the women entrepreneurs in the district operate from their backyards. There is need to
develop centres for their operations and improve the roads
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6. CONCLUSION
Unlocking Entrepreneurship through establishment of mechanisms that promote women
participation ensures economic growth in a challenging economy. A study of small business
owners in Hawaii indicates that entrepreneurs will find ways to move on in spite of an antibusiness environment (Chinomona et al 2015). The effectiveness of the mechanisms requires
combination of mechanisms. Being equipped with skill without access to finance limits growth
and participation. Constant monitoring and business review are a necessity for the benefit of
all participants.
7 RECOMMENDATIONS
i.

Ministry of Small and medium enterprises and cooperative development should address
the issue of collateral with bankers to enable entrepreneurs to access loans.

ii.

Ministry of SMEs to widen information base on website and organise small business
expo in districts

iii.

Ministry SMEs to develop a national framework policy for entrepreneur development
with stipulated policy interventions and strategies

iv.

Ministry of SMEs in collaboration with Ministry of women affairs should increase
training sessions and boost confidence among SMEs
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ABSTRACT
The objective of this study was to establish the challenges youth entrepreneurs face in starting
and running small businesses in Bulawayo. The research adopted the interpretivist philosophy.
The study utilized a survey design which is useful for assessing youth perceptions on
entrepreneurship. Primary research was conducted using questionnaire surveys that were
administered to youth entrepreneurs. Questionnaires were used to collect data and in-depth
interviews were used to provide qualitative insights into the data collected. Apparently,
secondary data has gathered from documentary evidence related to youth entrepreneurship. In
data analysis, SPSS was used to analyze the quantitative data and thematic analysis was used
to analyze qualitative data. The study used a sample of 64 respondents who were randomly
sampled to take part in the study. The sample included youth entrepreneurs, lecturers in
entrepreneurship and government employees. The study found that a majority of entrepreneurs
were independent and self-employed entrepreneurs. A number of factors were noted to affect
youth entrepreneurs in Bulawayo and these include, low levels of organization and poor
coordination, lack of access to markets and inadequate financing, lack of access to markets and
inadequate financing, lack of access to markets and inadequate assistance from the government
have hindered youth entrepreneurs from attaining their full potential. The study recommends
that stakeholders should employ quick and appropriate policies to develop the entrepreneurial
ecosystem so as to reduce the alarming unemployment rates amongst the youth in Bulawayo.
Key Words: Enhancing, Entrepreneurship, Ecosystem, Youth Employment.
1.0 INTRODUCTION
The global youth unemployment rate has proved sticky, and remained close to its crisis peak.
At 12.6 percent in 2012 and 12.7 percent in 2014, the global youth unemployment rate remains
at least a full percentage point above its level in 2007 (Ondoro, 2012). By 2012 it was estimated
that 75 million youth were unemployed which was an increase of more than 4 million since
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2007 (ILO, 2012). Scholars have categorized unemployment as Frictional, Structural and
cyclical. Despite the mitigating measures being put in place to address the problem, still persists
in both the developed and developing economies. However, youth unemployment is more
pronounced in Africa than in any other continent of the world (ILO, 2012).
According to the International Labour Organization report, percent of the world‘s unemployed
youth live in developing economies and the proportion is not likely to change much in the near
future given the demographic trends in these economies (Chigunda, 2001). Unfortunately, the
youth in these countries are relatively disadvantaged in terms of employment. They are 3.8
times more likely to be unemployed than adults, as compared with 2.3 times in industrialized
economies (Azikwe, 2008). Young people aged between 15 and 25 years represent more than
60 per cent of the Africa continent total population and account for 45 per cent of the total labor
force (Gerber, 2005).
The 2008 economic turmoil had far reaching consequences into almost every sector of the
economy in Zimbabwe. In this regard, entrepreneurship has been identified as the solution to
the high unemployment in Zimbabwe. Furthermore youth unemployment can be seen as a form
of deprivation robbing youth of the benefits of work and represents a dark era in their personal
and social development (Chimucheka, 2012). And it can also be deduced that considering the
dwindling fortunes in the employment capacity of enterprises operating in Zimbabwe, it can
be accepted that youth entreprenuership can play a vital role in reducing joblessness and
contributing to economic growth (Kanyenze et al, 2000) . It is in this perspective important to
therefore highlight that this paper's primary role was to explore the factors that should be
considered in capacitating entrepreneurship activities in Bulawayo as well as the challenges
that they face in the establishment of their enterprises utilizing Kelvin North as a case study.
1.2 OBJECTIVES
The primary objective of this research was to explore the challenges youth entrepreneurs face
in starting and running small businesses in Bulawayo. Youth unemployment peaked during the
decade of long political and economic crisis that plagued Zimbabwe since 2000. The unstable
economic environment during this period led to the proliferation of the informal sector and
parallel (black) market which absorbed most young people as agents and dealers (rather than
bona-fide business owners). The consequence of this was unemployed youth now living in an
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economy stable enough to run a small business, but without the requisite tangible and intangible
resources to do so. The specific research objectives are to:
a) Determine the factors which inspire the youth to venture in entrepreneurship in
Bulawayo.
b) Establish the challenges faced by youth entrepreneurs in Bulawayo.
1.3 METHODOLOGY
The research adopted the interpretivist philosophy. The study utilized a descriptive survey
design which is useful for assessing youth perceptions on entrepreneurship. Primary research
was conducted using questionnaire surveys that were administered to youth entrepreneurs.
Questionnaires were used to collect data and in-depth interviews were used to provide
qualitative insights into the data collected. Apparently, secondary data has gathered from
documentary evidence related to youth entrepreneurship. In data analysis, SPSS version 16 was
used to analyze the quantitative data and thematic analysis was used to analyze qualitative data.
The study used a sample of 64 respondents who were randomly sampled to take part in the
study. The target population for Kelvin North was 250. The sample included youth
entrepreneurs, lecturers in entrepreneurship and government employees. The age range of the
youth was between 15 and 34 in line with the African Union definition of youth.
1.4 RESULTS
1.4.1 Demographic Profile of the Respondents

Sex
Female
41%
Male
59%

Figure 1- Demographic Profile
Figure 1 reflects a demographic profile of the sample which participated in the study. It can be
denoted that the demographic profile of the sample appears representative of the disparity in
the total population in Kelvin North, Bulawayo. There was 59% males who participated in the
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study as compared to 41% of the females who participated in the study. The difference in
percentage between males and females was 18%.
1.4.2 Qualifications of the Respondents
Table 1 - Qualifications of the Respondents
Highest Qualification

Frequency

Percentage

Finish School

15

23

Certificate

16

25

Degree

15

23

Higher Degree

8

13

Not Answered

10

16

Table 1 shows the qualifications of the respondents who participated in the study. Table 1
reflects that 25% of the respondents had certificates. The study results reflect that 23% each
had either finished school or had degrees. On the higher degrees category there was 13% and
16% of the respondents did not answer on qualification category.
1.4.3 Perceived Incentive/ Motivation to Start Up Own Business
Table 2 - Perceived Incentive/ Motivation To Start Up Own Business
Category

Frequency

Percentage %

To earn more money and become rich

16

25

To be your own boss

7

11

To seek the challenge (to compete with others)

8

13

To be respected

3

5

To realize your own ideas

15

23

To connect your job/ business with your passion/ hobby

15

23

Table 2 shows the perceived incentive/ motivation to start up own business. The majority of
the respondents (25%) noted that the greatest incentive to start up own business was to earn
more money and become rich. This was followed by 23% apiece for respondents who noted
that they wanted to realize their dreams and also wanted to connect to jobs/ business with
passion or hobby. Some respondents (7%) were of the view that they wanted to be their own
boss.
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1.4.4 Youth’s Perception on Entrepreneurship
Table 3 - Youth's Perception on Entrepreneurship
Category

Frequency

Percentage %

Risky Venture

23

36

High Respectable Careers

18

28

Most are Discouraged By Social and Cultural Buildings

8

13

Most Youths Lack Awareness And Skills

15

23

Table 3 reflects youth's perception on entrepreneurship. The majority of respondents (36%)
noted it is a risky venture to start a business, while on the other hand 28% of the respondents
noted that venturing into entrepreneurship is associated with high respectable careers. 23% of
the respondents noted that most of the youth lacked awareness and skills to start up businesses
and therefore their enterprises were bound to suffer a still born. The least category had 13% of
respondents who noted that they were discouraged to start businesses due to social and cultural
buildings.
1.4.5 Barriers to Youth Entrepreneurship
Table 4 - Barriers to Youth Entrepreneurship
Limiting Factor

Frequency

Percentage (%)

Limited access to affordable finance

36

56

Complex legal and regulatory environment

8

13

Limited start up support schemes

13

20

Mismatch between skills and industry

5

8

Social and cultural attitudes

2

3

From the study, respondents were asked to indicate major barriers impacting on exploiting their
potential towards entrepreneurial creation and society building. The findings are presented in
Table 2. Access to finance is a major pillar in facilitating entrepreneurial creation in Zimbabwe.
Findings in this study as illustrated in Table 2 showed that majority (56%) of youths fail to
fulfill their entrepreneurial endeavors due to limited access to affordable finance. The study
found out that limited access to affordable finance was mainly contributed by lack of personal
savings and resources, complex documentation procedures for debt financing, long waiting
periods of funding from micro-finance lending institutions and lack of seed funding.
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Due to lack of self-sustaining resources and sufficient collateral security to secure loans and
lines of credit (ILO, 2006), aspiring young entrepreneurs are regarded as risky investments and
therefore face difficulties in accessing finance. Nevertheless, youths are burdened by the
complex documentation and procedures required by commercial lenders of credit as youths
seem to lack business experience and skills required for debt financing.
Another key barrier facing young entrepreneurs in Zimbabwe is the complex legal and
regulatory environment. Eighteen percent (13%) of the surveyed respondents noted that they
were facing serious challenges in trying to convert their business ideas into reality since the
costs of formalizing are higher than the expected gains from productivity of entering the formal
sector.
Apart from financial constraints, 12% of the respondents noted that without reliable supportive
schemes for youths, youth unemployment will continue to rise in Zimbabwe. Supportive
schemes would come in form of entrepreneurship training, provision of reliable business
infrastructure at affordable rates.
This study also found out that there is a mismatch between skills currently possessed by
educated youths and the industry needs. Five out of one hundred (5%) respondents noted that
entrepreneurial skill was still a missing link in secondary studies.According to Zinhume (2012),
there is urgent need of wide dissemination of the skills requirements of the economy through
career guidance and counseling sessions so that students can make informed decisions.
Moreover 10% of the surveyed respondents noted that social and cultural attitudes towards
entrepreneurship were preventing most youths from exploiting the country`s vast resources
through establishing businesses. The study found out that social and cultural attitudes along
with family values and norms have a strong influence on whether a young person decides to
pursue an entrepreneurial career.
1.4.6 Youth Entrepreneurship readiness
Respondents noted that they are geared to venture into entrepreneurship. 67% stated that given
the necessary resources and support they will definitely venture into entrepreneurial activities.
The majority (80%) believe that there are untapped business opportunities. One respondent
noted that;
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"The ability to identify gaps and opportunities in the community is the recipe for
entrepreneurial success".
This is supported by Drennan and Saleh, (2008) who noted that entrepreneurial intention is
influenced by perceptions of feasibility, which focus on one’s ability to adopt entrepreneurial
behavior, given the prevailing entrepreneurship environmental conditions. Moreover the
youths do not consider lack of skill a barrier to entrepreneurship as these can be acquired
through training. According to Reserve Bank of Zimbabwe (2013) entrepreneurial education
programs are necessary to develop personal entrepreneurial traits. The research showed that a
sizeable number of respondents agree that the youth possess the necessary skills to at least start
businesses.
Due to low levels of income in Zimbabwe, with civil servants constituting the greater
percentage of the working population earning around US$300 a month, the market as noted by
respondents is suppressed (Zimtrade,2014). The buying power therefore is evidently low
thereby suppressing entrepreneurial growth. Competition from established businesses, who
enjoy economies of scale thereby charging lower prices means that rural entrepreneurs are left
with a streamlined market.
1.5 Conclusion and Recommendations
This study concludes that entrepreneurship is a solution to the challenges that are being faced
by the youth in Zimbabwe. In order for success to be achieved various stakeholders need to
play a role in making sure youth entrepreneurship is to be a success in this African country.
Acquired knowledge through education has not done much impact towards reviving the
livelihood of youths and it still remains unclear whether the educational system can
successfully cultivate an entrepreneurial mindset amongst the youth in Zimbabwe as they are
failing to create employment rather than seeking jobs in the already saturated labour market. It
was also noted that limited access to affordable finance remains a major impediment for
aspiring young entrepreneurs to start viable businesses as most micro-finance lending
institutions are reluctant to assist the youth. There has not been enough co-ordination amongst
government agencies and the private sector towards promoting youth entrepreneurship in
Zimbabwe as some of the funds assigned for their purpose are diverted for personal gains.
Based on the aforementioned results, the following recommendations are suggested.
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Government and civilian commitment to fighting corruption
Since corruption has been identified as a bottleneck in entrepreneurship development, it is
essential that government and the citizens of Zimbabwe make a commitment to fight corruption
and ensure that confidence is restored into the systems. Pulling down corruption will go a long
way in ensuring that there is sanity in the operations of government.
Customized training and development
Drucker (1985) says entrepreneurship is “not magic, it’s not mysterious, and it has nothing to
do with the genes. It’s a discipline. And like a discipline, it can be learned”. Taking from the
arguments of Drucker it is important that a system is put in place a policy level to ensure that
the youth entrepreneurs receive tailor made training to enable them to develop. This can be
achieved through short courses and block release programmes which nurture a
entrepreneurship culture.
Access to loans and government guarantees
Funding is a challenge for upcoming entrepreneurs. It is essential that through government and
financial institutions partnerships, access to loans by rural entrepreneurs improve. With cheap
funding it is possible for businesses to expand and thereby creating more opportunities.
Youth Centers
As a measure to improve access to information and collaboration among the youth , the
government and private organization should endeavor to establish youth centers in the rural
areas and part of their corporate responsibility programmes. Internet facilities, sporting
facilities and vocational training would go a long was in ensuring that the youth are ignited for
entrepreneurship.
Public Private Partnerships
There is need for collaborative efforts between the public and private in providing start-up
support and mentoring capacities for young entrepreneurs to survive in this volatile
environment. Such support may extend beyond the provision of ICT infrastructure and business
development services.
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ABSTRACT
The study investigated the increasing labour disputes among emerging entrepreneurs in
Zimbabwe. The study was qualitative and targeted emerging entrepreneurs, informal sector,
colleges, and relevant ministries. The non-random quota sampling was used Participants were
28. Unstructured interviews conducted were analysed using the content analysis technique.
Major findings were; institutions of higher learning offered courses on entrepreneurship
without dwelling much on the major labour laws particularly the Labour Act 28:01, Factories
and Works Act and the National Social Security Authority Act. Numerous labour disputes
pertained to non-compliance as evidenced by retrenchment procedural flaws, violation of
fundamental rights, unfair labour practices, unclear contractual agreements, lack of
compensation and social security, non-provision of insurance, medical and pensions cover.
There was need to incorporate industrial relations as a compulsory course in Entrepreneurship
in training institutions to cover the country’s labour laws so that such knowledge is already
inculcated before one becomes an entrepreneur.
Key Words: Decent job, Entrepreneur, Informal sector, Labour dispute, Labour law, Small
businesses, unfair labour practice
1. INTRODUCTION
The presentation of this study starts with the Abstract followed by the Introduction and
background to the study. The Statement of the problem has been included to help in identifying
gaps in order to use this study to come up with new knowledge. The research objectives,
Research questions, the Methodology, Major findings, Discussion of findings, Conclusions and
Recommendations constitute the rest of this paper.
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2. BACKGROUND OF THE STUDY
Zimbabwe has done a lot to create awareness about entrepreneurship but with minimal success
as evidenced by a very large informal sector which does little to contribute to the economy.
Institutions of higher learning such as universities, polytechnics and teachers colleges, offer
programmes and courses on entrepreneurship (Mpofu, 2012). However, the training has not
done much to cover industrial relations particularly on labour laws. This is why issues of social
protection and workers’ rights have not been fully addressed resulting in job insecurity, poor
health and safety standards as well as lack of insurance and medical pensions cover (Sambureni
and Mudyawabikwa, 2003, Uzhenyu, 2016).
Infringement of employment rights is probably one of the most widely talked labour issues
particularly in developing nations most of which are in Africa. This has been exacerbated by
high unemployment levels that have seen an unexpected and phenomenal growth of the
Informal sector in Africa and even beyond. Such developments are seen as catalysts of ever
increasing crime rates and social decadence (Briscoe, 1999).
According to the International Labour Organisation (ILO, 2006) the distinguishing
characteristics of emerging businesses a number of which are informal in Zimbabwe do not
comply with labour laws and violated workers fundamental rights such the Labour Act
Amendment 28:01 No. 5 of 2015, the Factories and Works Act Chapter 14:08 of 1996, the
NSSA Act of 1989 Chapter 17: 04, ZIMRA Act Chapter 23:11 of 2002, by emerging businesses
(enterprises). Due to this non-compliance, majority of workers employed in this sector are
exposed to health risks e.g. accidents, exposed to heat and poor ventilation, lack of protective
clothing , safety shoes, and goggles etc. The workers do not have freedom of association e.g.
to form a workers committee or join a trade union of their own in addition to infringement of
their fundamentals rights such as right to remuneration, fair labour standards, equal treatment
(no discrimination), health and safety , right to bargain etc. The majority of those employed,
entered into verbal employment contracts and there were no contributions as per statutory
requirements for pension, insurance and income tax (Sambureni and Mudyawabikwa, 2003)
The labour disputes in Zimbabwe have always taken centre stage across all business structures
including the public sector. This has adversely affected sound industrial and labour relations in
Zimbabwe. The industrial and labour relations have not been smooth due to a number of factors
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which include lots of political interference and allegiance of the labour bodies (trade unions)
and an underperforming economy which has witnessed millions of workers being retrenched
over the past decade.
Industrial relations in Zimbabwe were done a severe blow following a Supreme Court ruling
of 17 July 2015. On 17 July 2015, the Supreme Court passed a landmark judgment which
allowed employers to dismiss employees based on common law, by giving them 3months
notice without need to give reasons for such actions (Uzhenyu, 2016).
The legal precedent that followed was that most companies acted on this judgment and
downsized. Within 24 hours of that ruling being handed down, termination notices were flying
left, right and centre. What started off as restructuring by privately owned corporations quickly
extended into the public sector as well. Parastatals (state enterprises) also let some of their
employees go at willy-nilly, e.g. Zimbabwe Broadcasting Corporation (ZBC). Zimbabwe
Postal Services (ZIMPOST), National Railways of Zimbabwe (NRZ), Air Zimbabwe etc.
About 6 000 people lost their jobs within one week of the ruling (myzimbabwe, 2015)and about
25 000 by end of August 2015.Even workers in emerging businesses were also not spared of
the effects of that Supreme court ruling. Majority of these victims of the Supreme court ruling
have since been ‘’forced’’ to earn a living by either joining the Informal sector which has
remained the source of employment for the majority (Mpofu, 2012) or trying to be enterprising
without adequate preparation, knowledge and resources. Such forms of making ends meet have
culminated in violation of the country’s laws particularly those related to labour issues.
The above background motivated this researcher to conduct this study focusing on labour laws
compliance especially by emerging entrepreneurs and also the curriculum inclusivity of such
laws by institutions of higher learning.
3. STATEMENT OF THE PROBLEM
Training on entrepreneurship has largely focused on business skills such as production, finance,
and marketing but with little done to create awareness on the importance of labour laws for
successful entrepreneurship. Such lack of knowledge has usually resulted in disputes at the
workplace or violation of fundamental rights of either the worker or employer. There are
numerous related cases at labour courts which could possibly been avoided if there was
348

compliance with the country’s labour laws. Majority of entrepreneurs as well as those in the
informal sector operate outside the legal framework of the country’s labour laws. The majority
seem not to be contributing to the national fiscus (economy) due to a combination of resistance
and no effective logistics or mechanisms put in place to enable the sector to make contributions
through payment of taxes or registration fees to legitimize their operations.
It is against this background that this study intended to seek the magnitude of entrepreneurs
who were not complying with Zimbabwe’s labour laws and the effects emanating from such
conduct or behavior, so that remedial action could be taken.
4. AIM OR PURPOSE OF THE STUDY
The study intended to establish the awareness and application of Labour laws by emerging
businesses (entrepreneurs) in Zimbabwe as there were a lot of labour disputes between
entrepreneurs and their workers which were spilling into the labour courts. This was
culminating in poor working relationships between the two, and this study was meant to
recommend how sound industrial relations and compliance with labour laws could be achieved
in such a business environment.
5. RESEARCH OBJECTIVES
i.

To determine the level of labour law appreciation among entrepreneurs in
Zimbabwe.

ii.

To identify issues of labour law that is not dealt with by entrepreneurs which create
poor relations with workers.

iii.

To establish how recent laws such as the Constitution of 2013 and Labour
Amendment Act of 2015, have addressed key labour issues concerning
entrepreneurs.

6. RESEARCH QUESTIONS
i.

What is the level of labour law appreciation among entrepreneurs in Zimbabwe?

ii.

Which issues of labour law are not dealt by entrepreneurs that create poor relations
with workers?

iii.

How have recent laws such as the Constitution of 2013 and Labour Amendment Act
of 2015, addressed labour issues concerning entrepreneurs?
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7. METHODOLOGY
The following methods were used in the preparation and actual collection of data.
7.1 Research approach
The study was qualitative and therefore used research questions (sub-problems) instead of
research objectives (Leedy and Omrod, 2015, Khothari, 2014). The study was premised on the
Qualitative paradigm (Andrew, Pederson and McEnoy, 2011, Cresswell, 2003).
7.2 Research design
A survey design was used as the researcher wanted to have a close and in-depth scrutiny of the
reasons why there was lack of observance of labour laws among emerging entrepreneurs
7.3 Population and sampling technique
Related ministries (Ministry of Primary and Secondary education, Ministry of Higher and
Tertiary Education, Science and Technology Development, Ministry of Youth, Indigenization
and Economic Empowerment & Ministry of Small and Medium Enterprises and Cooperative
Development, 2016), the informal sector, schools, colleges and entrepreneurs. The participants
drawn from the above organizations comprised Ministry officials responsible for education and
training of entrepreneurship or small and medium enterprises as well as school leavers,
graduates and those running small businesses (entrepreneurs).
The non-random quota sampling technique was used to identify the sample as there was need
to accommodate the different stakeholders in order to have a balanced view. The ultimate
sample size was 28 based on data saturation technique (Leedy and Omrod, 2015).
7.4 Instrumentation
Unstructured interviews were used in order to get individual responses freely (Rubin and
Babbie, 2014) since the different participants had different and diverse views on the subject
matter of entrepreneurship.
7.5 Research ethics
The researcher observed the following ethical issues during the entire process of planning,
collection and analysis of data, informed consent, confidentiality, integrity and verification of
statements (Khothari, 2014, Cresswell, 2003).
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7.6 Data analysis and interpretation of findings
Results were analysed using the content analysis method which involved the categorization of
data, classification, summarization and coding (Cresswell, 2003).
8. MAJOR FINDINGS
The study was able to generate the following interesting findings;
i.

Majority of Entrepreneurs were not very much conversant about the country’s labour
laws and they did not have copies of such major laws and majority did not comply
with them. A number of them alluded this to their education background having been
dominated by technical education which did not cover the field of industrial relations.
One participant said, ‘’
I am not familiar with what you are saying is the recent Labour Amendment Act
No.5 of 2015 and what it entails’’.

ii.

Majority had no formal written contracts of employment with their workers and they
attributed that to the general culture among them of making verbal agreements and
also taking advantage of the high unemployment rate which resulted in most job
seekers being desperate and not concerned with their welfare.
One of the workers employed in a construction small business said
‘’ My employment depends on whether the boss still loves me to work for him
as my employment can be terminated at any time without my input. My
employment is based on our background as the owner is a friend of my brother
in-law. No paperwork (contract) was signed’’

iii.

There was hardly any social protection. Insurance cover was hardly adhered to as it
was seen as increasing costs. Inadequate or no compensation for injuries sustained in
accidents or even no medical assistance provided. In some cases, this culminated in
loss of employment if one becomes disabled or incapacitated, even not by his/her own
making but due to working environment hazards. There were no considerations for
pension as the employment relationship between entrepreneur and workers was
uncertain and, usually short term as majority lived from hand to mouth. A lot of
workplace accidents were not reported at all for fear of being found on the wrong side
of law as well as not wanting to compensate the accident casualties (victims).
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iv.

Issue of paid maternity leave was being evaded as majority of entrepreneurs were not
keen to pay someone who was away from duty.
One of the female workers, a mother had this to say,
‘I had to work throughout when I was pregnant except the last 5 days before
delivery. I had to immediately return to work thereafter after only a month since
I was not being paid and I needed to earn something to feed my new baby and
to fend for myself’’

v.

Failure to pay minimum wages gazetted for certain trades resulting in under payment
or no payment at times. Related to that there was hardly any overtime payment policy
in place despite workers working for long hours without any break at times. One said
‘’I do not have an off day and I do not have a free weekend as I am expected to
be on duty every day. I am only off duty when there is a close family bereavement
or when ill otherwise’’

vi.

There was lack of education and training to equip the workers with health and safety
knowledge related to their operations such as awareness. In addition, there was also
inadequate safety clothing provision which exposed workers to health hazards such as
accidents.

vii.

There were numerous incidences of corruption with regard to inspections and
compliance issues. Law enforcement agencies and inspectors would be bribed to avoid
pursuing any legal action against culprits or offenders. This was being exacerbated by
the lack of government and local authorities’ capacity to enforce regulations.

viii.

Lack of continuity in the event of terminal illness or death of owner. Most businesses
were family or individually owned and the death of the owner (bread winner) would
in most cases result in the demise of the business. In the event that there was continuity,
the new family member who will have inherited the business would come up with his
or her own conditions of service. This was raised by some workers and one actually
said
‘’I used to be paid $85 a week but after the death of the founder, his young brother told
me that they could only afford $60 a week and he told me that if I was not satisfied
then I should quit’’

ix.

Lack of involvement and participation of subordinates (workers) in key business
activities or decisions. Workers employed in this sector, normally do not have any
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meaningful contribution towards their welfare. There are no clear salaries
(remuneration policies), no proper employment contracts (for majority they are not
even existing (there), no code of conduct etc. In all these, workers are not even
involved and there is dominance of the autocratic or authoritative-compliance
(dictatorship) leadership style. One worker of a restaurant had this to say,
‘’the owners use their own selfish discretion and they take advantage of the high
unemployment level in the country by heavily underpaying us and they have an
I don’t care attitude. You are told to tore their line or you risk facing
embarrassing dismissal’’.
9. DISCUSSION OF FINDINGS
Most emerging entrepreneurs were not complying with labour laws as well as statutory
obligations such as; remitting income taxes, pensions and insurance premiums was rampant.
Such malpractices were raised by the Honourable Member of Parliament Mangami of the
Portfolio committee on SMEs and cooperative development on 28 July 2016 in parliament to
the National assembly. He attributed that to lack of business acumen skills among the
entrepreneurs as well as lack of reinforcement of regulations by Labour relations officers in the
Ministry of Public service, Labour and Social welfare. Such attitude of not being concerned
with sound industrial relations practice was also raised by Mauchi et al ((2011) in their study
on Entrepreneurship education in Zimbabwe’s tertiary education system. They said that most
curricular for most degree or diploma programmes did not have entrepreneurship as a
compulsory course and in the event that it was included, there was no coverage of industrial
and labour relations in the syllabus.
A considerable number of workers were not offered written contracts of employment and the
terms of conditions of service were solely on what the business owner (entrepreneur) decided.
This seemed to be a common and perennial problem among SMEs and it is an unfair labour
practice by the employer of not spelling out clearly the terms of one’s employment according
to Sambureni and Mudyawabikwa (2003).
A number of workplace accidents were not reported because the entrepreneurs did not want to
compensate the accident victims because in most cases they would not have paid insurance
cover as required by the NSSA Act’s Accident prevention and workers compensation scheme.
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Such ignorance by emerging entrepreneurs to disregard statutory requirements (regulations) as
provided for in the NSSA Act was also raised by Briscoe (1999) and Mubaiwa (2013).
Failure by employers to pay a worker on maternity leave was a serious violation of a woman’s
fundamental right who should be entitled to about 91 days maternity leave which should be
paid full wages/salary according to the provisions of the Labour Act 28: 01 amended 2015.
The recent Labour Amendment Act of 2015 and the National constitution of 2013 which were
supposed to address the International Labour Organisation (ILO) conventional Number 87 on
the right to associate and organise, seemed to have failed especially on the right to organize
e.g. embarking on an industrial action is almost impossible in Zimbabwe (Uzhenyu, 2016). The
two have not helped in improving industrial relations in Zimbabwe as majority of those
employed by SMEs, and in the informal sector fear being victimized and the possible loss of
employment if they initiated such form of collective action (labour unrest).
Most colleges and universities did not have entrepreneurship as one of the courses in their
programmes. In the event that entrepreneurship was offered it was usually an elective and not
a compulsory course. This finding could be attributable to an attitude problem based on the
fact that most lecturers (academics) were merely ‘theorists’ who were not enterprising and did
not have ‘hands on’ business skills. Therefore they did not see the essence of entrepreneurship
which they did not take seriously in their curriculum according to a study conducted by Mauchi
et al (2011).
The death of a founder member usually resulted in the demise of his/her businesses. There was
no culture among usually black entrepreneurs to groom their kinsmen but once they passed on
(died), traditional norms usually called for inheritance of the business by a sibling or close
family member regardless of his/her business competency. According to Muponda (2012),
there was need for a paradigm shift among black entrepreneurs so that business was not run
along family interests but on commercial lines for sustainable development. This was one of
the major reasons why continuity lacked in most emerging business with a rather informal set
up once the founder died (Briscoe, 1999).
There was lack of inclusivity in the running of most emerging businesses because the owner
had dictatorial tendencies. Such lack of involvement in the day to day running (administration)
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of the business and poor conditions of service result in low motivation among workers who
feel that they do not have a sense of ownership resulting in job dissatisfaction and
disgruntlement (Uzhenyu, 2015).
10. CONCLUSIONS
Based on the major findings above, there was almost total disregard of observing the country’s
major Labour Laws particularly the Labour Act Amendment 28:01, the Factories and Works
Act, the NSSA Act, ZIMRA Act by emerging businesses (enterprises). Due to this noncompliance, the workers do not have freedom of association e.g. to form a workers committee
or join a trade union of their own in addition to infringement of their fundamentals rights such
as right to fair remuneration, fair labour standards, equal treatment (no discrimination), health
and safety, right to bargain. Majority of workers are prone to health risks. Most employment
contracts are verbal and there are rarely contributions made as per statutory requirements for
pension, insurance and income tax. The study concluded that in emerging enterprises
(businesses), there was no job security, no social protection and not much was being done to
improve or elevate the living standards or welfare of most employees.
11. RECOMMENDATIONS
The study suggested the following as remedies to the plight of entrepreneurs in Zimbabwe
on labour matters.
11.1 Role of Government
(i) Regularisation of emerging enterprises and the informal sector.
Government in liaison with the local authorities like City of Harare, should register upcoming
entrepreneurs and all informal traders so that their operations can be regulated and monitored
especially on compliance issues.
(ii) Empowering entrepreneurs by providing business training
A holistic approach is required in order to change the business culture of entrepreneurs, training
workshops should be facilitated by government, notably through the Ministry of Small &
Medium enterprises and Cooperative Development with the aid of the donor community,
financial institutions and the local authority (City of Harare). Training could equip them with;


Business and leadership skills
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Knowledge on major labour laws and those dealing with compliance issues. These laws
are; The Labour Amendment Act, The Factories and works Act, The NSSA Act and the
ZIMRA Act.

(iii) Mobilization of financial resources
Government should put in place policies that should allow prospective entrepreneurs especially
those already in the informal sector to access soft loans e.g. from its agency, SEDCO (Small
Enterprises Development Company) or working by facilitating their access to harmonized
financial packages from financial institutions’ (banks). If stringent measures like “collateral
security” are removed, that will enhance the informal sector or emerging businesses to
recapitalize their operations. This should culminate in business expansion and growth.
Ultimately this should lead to meaningful employment creation. The Ministry of Small and
Medium enterprises and Cooperative Development through its division of Resource
mobilisation and project development (Small and medium enterprises, 2016) should also
provide opportunities for entrepreneurs to finance their businesses or to recapitalize them for
growth and expansion as also supported by Mauchi et al (2011).
11.2 Role of business
(i) Reinforcement of workplace democracy
Government should put in place mechanisms or systems that should ensure that those employed
by emerging businesses enjoy their fundamental labour rights in line with the provisions of the
Labour Amendment Act 28: 01 No. 5 of 2015 or otherwise which include;


Forming workers committee or affiliating to a relevant trade union of their choice.



Provision to negotiate with their employers even on grievances or matters of
concern.



Provision to discuss with employers their working conditions freely (conditions of
service).



Involvement and participation on matters of concern such as health and safety and
social protection.



Right to enjoy fair labour standards e.g. hours of work, time off duty, etc.

If there is adherence to the above, there is likely to be a strong sense of motivation as workers
feel that they are recognized and empowered.
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11.3 Role of labour


Employees should affiliate to trade unions in their respective trades or professions, so
that they are not victimized due to lack of empowerment or training on labour laws.



Employees should demand signed contracts which have clear conditions of service and
confirming to general employment regulations as provide by the major labour
administrative framework, the Labour Amendment Act 28: 01 of 2015.
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ABSTRACT
This study sought to establish why Zimbabweans did not take entrepreneurship seriously to
avert high unemployment levels. Since 2007, a number of companies have downsized. There
have been numerous cases of retrenchments. The study was qualitative and targeted
government ministries, industry and commerce, the informal sector, emerging businesses,
schools and colleges. Unstructured interviews were used to generate data. Data analysis was
done using the content analysis method. Major findings were; awareness on entrepreneurship
had been done through Ministries of Primary and Secondary education, Higher Education,
Small and Medium Enterprises and Youth, Indigenization and Economic development, civic
society and the corporate world but with little success. There was still a strong culture among
Zimbabweans to look for formal employment in established companies. A culture paradigm
shift was needed by having entrepreneurship a mandatory course from primary school. Support
from government and financial sector to fund prospective viable business ventures was also
needed.
Key Words: Business skills,

Curriculum review,

Entrepreneurship,

Unemployment,

Zimbabwe Agenda for Sustainable, Social and Economic Transformation (ZIMASSET)
1. INTRODUCTION AND BACKGROUND TO THE STUDY
Unemployment in Zimbabwe has been on the rise since the hyperinflation period of 2007/2008.
This was exacerbated by a Supreme Court ruling of 17 July 2015 (Uzhenyu, 2016). The
Supreme Court passed a landmark judgment which allowed employers to dismiss employees
based on common law, by giving them 3months notice without need to give reasons for such
actions. It was estimated that within 6 weeks of the ruling, about 25 000 workers had lost their
jobs by end of August 2015 (myzimbabwe, 2015)
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Entrepreneurship is the capacity and willingness to develop, organize and manage a business
venture along with any of its risks in order to make a profit. The most obvious example of
entrepreneurship is the starting of new businesses (Hardy, 2013, Napolean, 2016).
The failure to tap into their vast resources by developing countries is a symptom of poor
innovation and entrepreneurship. Such symptoms has been very evident as there has been
hardly any value addition and beneficiation. The new thrust towards value addition and
beneficiation is now embedded in the Government of Zimbabwe’s major economic blueprint,
the Zimbabwe Agenda for Sustainable, Social and Economic transformation (ZIMASSET)
which covers the period 2013-2018 according to Zimtreasury (2014) as one of its 4 major
clusters. ZIMASSET is the economic blue print which is supposed to create a conducive
framework to resuscitate Zimbabwe’s ailing economy. ZIMASSET is hinged on four clusters
which are Food security and nutrition, Value addition and beneficiation, Infrastructure and
utilities and Poverty reduction (Zimtreasury, 2014).
ZIMASSET is supposed to promote business performance and economic growth of 7,2% for
the period 2013-2018 as well as improving the livelihoods and the welfare of all Zimbabweans
according to Zimtreasury (2014). It promised among other things; empowerment of the youths,
rehabilitation of roads, schools, provision of health services to all the citizens, shelter and
creation of employment especially for the youths. This shows how entrepreneurship could be
a solution to Zimbabwe’s economic challenges which has been characterized by low export
volumes, a collapsing industry and high unemployment rate.
2. STATEMENT OF THE PROBLEM
Although Zimbabwe has done a lot to create awareness about entrepreneurship through
government, civic society, academic institutions and the corporate world, not much tangible
success has been achieved to date. This is despite government having set a number of ministries
such as the Ministry of Small and Medium Enterprises and Cooperative development and that
of Youth, Indigenization and Economic empowerment to spearhead that. Even the Ministry of
Primary and Secondary education has initiated curriculum review to promote entrepreneurship
at a tender age, but uptake seems to be low. Little has been done in trying to empower aspiring
entrepreneurs and those in practice. It seems there are lots of challenges affecting
entrepreneurship in Zimbabwe given that there is a worrying number of company closures
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which has culminated in a very high unemployment rate. Most of the company closures have
been attributed to the production of uncompetitive products which have faced stiff competition
from better quality and competitive imports, coming from more enterprising businesses in
countries like Japan, China, South Africa and Malaysia just to mention a few (Mupamawonde,
2012).
Not much has been done in Zimbabwe for the promotion of entrepreneurship which should
solve the country’s ballooning unemployment rate and enhance sustainable enterprises to
innovate, adopt appropriate environmentally friendly technologies, develop skills and human
resources, and enhance productivity to remain competitive (ILO, 2007).
3. AIM OR PURPOSE OF STUDY
The purpose of this study was to find out how Entrepreneurship in Zimbabwe could be
transformed so that it would address the country’s ever ballooning unemployment rate and
ensure that there is a lot of investment in the country and production of competitive products
which can ultimately spearhead economic growth.
4. RESEARCH OBJECTIVES
i.

To identify the benefits of entrepreneurship.

ii.

To establish the shortcomings of entrepreneurship.

iii.

To find out the attitude of students and teachers towards entrepreneurship.

iv.

To identify the challenges affecting entrepreneurship in Zimbabwe.

v.

To suggest how government and other stakeholders can promote entrepreneurship as a
solution to unemployment in Zimbabwe.

5. RESEARCH QUESTIONS (SUB-PROBLEMS)
i.

What are the benefits of entrepreneurship?

ii.

What are the shortcomings of entrepreneurship?

iii.

What is the attitude of students and teachers towards entrepreneurship?

iv.

Which are the challenges affecting entrepreneurship in Zimbabwe?
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v.

How can government and other stakeholders promote entrepreneurship as a solution
to unemployment in Zimbabwe?

6. METHODOLOGY
The following techniques were used during data preparation and actual collection
6.1 Research approach
The study was qualitative and therefore used research questions (sub-problems) instead of
research objectives (Leedy and Omrod, 2015, Khothari, 2014).
6.2 Research design
The survey design was used. This allowed the researcher to get firsthand information from
participants who had experience in the area of study (Leedy and Omrod, 2015)
6.3 Population and sampling technique
The target population comprised those from related ministries which are involved in the
training or promotion of Entrepreneurship, Small and medium enterprises and even the
transformation of the Informal sector such as; the Ministry of primary and secondary education,
Ministry of Higher and Tertiary education, Science and Technology Development, Ministry of
Youth, Indigenization and Economic empowerment & Ministry of Small and Medium
enterprises and Cooperative development, Ministry of Macro-economic planning and
Investment Promotion, Zimbabwe Investment Authority (ZIA), ZIMTRADE, Confederation
of Zimbabwe Industries (CZI), Multinational companies (MNCs) as well as the informal sector
players, schools, colleges. The participants were ministry officials, teachers, school leavers,
small business operators including those in the Informal sector, high ranked officials from
MNCs, ZIA, ZIMTRADE and CZI. The non-random quota sampling technique was used to
identify the sample as there was need to accommodate the different stakeholders in order to
have a balanced view. The ultimate sample size was 41 based on data saturation technique
which guided the researcher to reach a point where no new information could be obtained from
further investigation (Leedy and Omrod, 2015).
6.4 Instrumentation
Unstructured interviews were used in order to get individual responses freely (Kennedy, 2009)
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6.5 Research ethics
These researcher observed that there was informed consent, confidentiality, integrity and
verification of statements (Khothari, 2014, Cresswell, 2003).
6.6 Data analysis and interpretation of findings.
Since the study was qualitative and used unstructured interviews, the results were analysed
using the content analysis method which involved the categorization of data, classification,
summarization and coding (Cresswell, 2003). This allowed even the researcher to also quote
some sentiments put across by participants (narrative statements).
7. MAJOR FINDINGS
The study was able to establish the following major findings on the basis of the study’s research
questions shown on 5 above.
7.1 The major benefits of entrepreneurship
(i) Doing what one loves
This could be the first and most important reason. One of the interviewees (participant) from
an SME in which he is the owner said,
‘’If your heart is not fully committed to your employment then you are wasting your
time and time, is money. Your great deal of one’s day is invested in work and you might
as well enjoy it. If you love what you do, you’ll never regret in your life.”
(ii) Flexibility
As one of the interviewees (from an SME) put it
‘’Flexibility allows you to become a jack of all trades and a master of none.”
(ii) One’s own boss
One of the officials said
“Being a boss is fantastic. You get to choose which hours a day you want to work.”
(iii) Creation of one’s future because of own unique vision
“The best way to predict the future is to create it” said one of the small business
operators
(iv) Exhibiting leadership qualities
A ministry official in the Ministry of SMEs and Co-operative development had this to say,
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“Being a leader can be a double-edged sword. Yes, it can make or break one’s life but
the thrill of steering or spearheading the ship should be plenty of motivation to
succeed’’.
(v) Personal control and autonomy (freedom).
(vi) Excitement due to unlimited opportunities
(vii) Rational Salary based on effort made and business success
7.2 Shortcomings of entrepreneurship
(i) Lots of Administration work
(ii) Prone to stiff competition which can cause business downturn
(iii) Loneliness due to the nature of business which is usually a one man show
(iv) No regular salary
A sole proprietor had this to say;
‘’If business slows down, your personal income could be at risk. This is usually one of the
reasons why most of our small businesses live from hand to mouth as they may be forced to
meet personal financial needs at the expense of business needs’’.
(v) Dealing with the unknown
One operator said that;
‘’ One is not sure and is troubled by such questions as, how profitable will the business be?
Will customers like the product? Will one be able to give himself/herself a steady pay check?’’
(vi) Financing problems
(vii) Decision-making fatigue due to stress
7.3 Attitude of students and teachers (lecturers) towards entrepreneurship
There was a negative attitude by both which emanated from how they were being socialized or
groomed by the entire education system even up to tertiary level. The student’s mindset was
largely focused on getting employment from already established businesses and teachers
(lecturers) did not have real experience as majority did not own businesses.
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7.4 Major challenges affecting entrepreneurship
Generally the participants cited the following as major constraints to effective entrepreneurship
in Zimbabwe.


Lack of funding worsened by difficulties of accessing bank loans from
financial institutions as some conditions they required were prohibitive, such
as need for collateral security or audited financial reports/statements.



Lack of proper education and training as most knowledge was theoretical



Lack of other stakeholder’s support that is government, local authorities and
even industry and commerce.



Attitude by most school children and college students that they would be better
off if employed in a formal organization



Fear of risk that is venturing into the “unknown”.



Death of family member who started the business (proprietor), usually resulted
in struggling of the business and hence no continuity.



Non-compliance with regulations or statutory requirements



Stiff competition from established companies e.g. proliferation of cheap
second hand products or even new from Japan, China, Dubai and South Africa
etc.



Liquidity crunch worsened by cash shortage

8. DISCUSSION OF MAJOR FINDINGS
8.1 The issue of personal choice to embark on business as well as autonomy in running the
enterprise is based on the actual work they like to do and they should make the most of their
strengths and skills. The results can be more job satisfaction. Entrepreneurs have freedom to
work whenever they want, wherever they want, and that draws some to entrepreneurship. The
issue of individual control and freedom as a strength among entrepreneurs has also been raised
by Napolean (2016) as critical to the success of entrepreneurship. In addition, the desire for an
entrepreneur to be seen as a leader steering the ship was also a motivating factor on its own
(Johnson, 2014). However contrary to this, due to limited resources such as capital and
infrastructure, some of the entrepreneurs in Zimbabwe were being forced to ply their trade in
areas that they had no interest initially because they were being forced by economic hardships
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prevailing in the country especially in the manufacturing sector in order to make ends meet
(Mauchi et al, 2011).
8.2 The issue of entrepreneurship being flexible has been strongly condemned by Hardy (2013)
who cited that as one of the major reasons why small entrepreneurs are not decisive at times as
they may be forced to change their plans to accommodate and please others, which could be at
the peril of their businesses. These sentiments have also been echoed by Deluxe (2015).
8.3 Entrepreneurship is all about embarking on a journey with a positive mind and if one trusts
his/her capability, then that person should do everything within his/her power to make it a
reality. This is the reason why even in Zimbabwe, Strive Masiyiwa, the owner of ‘blue chip
company’, Econet, is the most successful entrepreneur in Zimbabwe according to Mfonobong
(2013). The same attributes have also been supported by Deluxe (2015) as a major contributory
factor to the success of Africa’s richest entrepreneur, Dangote of Nigeria whose net worth is
estimated at an astonishing 12,1 billion dollars (USD). This shows that entrepreneurship can
improve the lives of Africans as demonstrated by just these two sampled successful
entrepreneurs.
8.4 No one can dispute the fact that entrepreneurship could play a pivotal role in promoting the
industrialization of a free economy like Zimbabwe. This has been the case with the successful
Japanese economic development (Harrison, 1996) and of late the Chinese economy. Zimbabwe
is known for producing raw materials which include minerals and not major attempts have been
made to have a paradigm shift in order to manufacture finished products. Zimbabwe like many
other African countries have been lagging behind because of exporting huge volumes of raw
materials which are lowly priced leading to low levels of the Gross Domestic Product (GDP).
8.5 While making all the decisions can be a benefit, it can also be a burden to the entrepreneur.
Being an entrepreneur comes with a lot of paperwork and hassles that can take up time and
energy. This has been one of the major challenges since entrepreneurs usually don’t delegate
and they want to do almost everything it alone and end up being stressed (Napolean, 2016,
Johnson, 2014). The failure to network with others can be detrimental as one’s business may
lag behind as there are no strategic business alliances or synergy (Ynkamat, 2012). Involving
others is ideal as it promotes teamwork and ownership of decisions even by subordinates
(Napolean, 2016).
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8.6 Proliferation of cheaper foreign products from China, Dubai and South Africa has created
a very tough operating environment. Possibly the new law, Statutory Instrument (SI 64 of 2016)
would be able to protect aspiring entrepreneurs for selected imports which are no longer being
allowed to be imported in to the country. However this has received wide criticism particularly
from cross boarder traders and even from the country’s major trading partner, South Africa
(Entrepreneur, 2016).
8.7 Financial constraints caused business stagnation especially in a struggling economy like
Zimbabwe due to economic sanctions (Mauchi et al, 2011). Almost all participants cited this
as a major constraint to successful entrepreneurship in Zimbabwe. Funding of businesses in
Zimbabwe has always been a daunting task. It is difficult to get a bank loan because of stringent
requirements such as the call for collateral security and also prohibitive interest rates (Mauchi
et al, 2011). There is need for intervention by the Ministry of Finance through the Reserve bank
to come up with an economic policy on reduction of interests on loans which are so high
relative to other neighboring countries like Botswana and South Africa.
9. CONCLUSIONS
Entrepreneurship in Zimbabwe is facing a plethora of challenges as business activities are low
owing to macro-economic challenges which include cash shortages and the use of multicurrency system, yet exports are very low as well as numerous company closures and massive
retrenchments. The trend has been that those retrenched despite having the business acumen
(skills), they end up joining the informal sector were the majority become vendors. This is
further worsened by the lack of infrastructural support from government at times and local
authorities whose service delivery is generally poor. However there is still potential to reinvent
the wheel.
10. RECOMMENDATIONS
The following are recommendations on how the government and other stakeholders could
promote sustainable entrepreneurship as a solution to unemployment challenges facing
Zimbabwe.
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10.1 Acquisition of business acumen skills and ideal virtues by entrepreneurs
10.1.1 Need to prepare for the transition from full-time employee to an entrepreneur by
developing a vibrant business plan.
In terms of building the business, one needs to develop a financial plan, examine personal
skills, figure out a marketing strategy (including the niche and target customers), and then
create a business plan. The final step involves setting up the business, preferably while still
working for someone else if possible.
10.1.2 To be passionate.
Successful entrepreneurs are driven primarily by a need for achievement and the desire to make
a meaningful difference. The most important traits are passion and persistence, but these must
not be confused with arrogance and stubbornness.
10.1.3 Minimizing the problems associated with being the boss by preparing for them in
advance.
There are a host of challenges that come with being your own boss. To stay ahead of the game,
one should start thinking about things like networking, marketing, and finances before
launching the business.
10.1.4 Observing financial prudence and discipline
The best way to manage business finances is to have accounts reconciled periodically
especially monthly. There is need for a statement of cash flow, balance sheet, and a profit and
loss statement etc. to foster financial discipline and accountability.
10.1.5 Overcoming fears of risk-taking by confronting them head-on.
Being an entrepreneur is risky business. Every decision made could potentially hurt or help the
business. There is need to deal with business fears so that one makes the best decisions.
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10.1.6 Learning from others' failures.
Rather than admiring the small percentage of businesses that grow to become successful,
aspiring business owners should study those that end up failing so that they can avoid making
the same mistakes again. This can be enhanced by use of case studies in training them.
10.2 The role of Government
10.2.1 Curriculum review and attitude paradigm shift
This should begin at primary school level incorporating Business projects and models.
Vigorous Business skills training should commence from even at a tender age like primary
school up to tertiary education. Such training especially from secondary school level should
cover aspects such as Business proposal write up, business finance, marketing, public and
industrial relations, change management, trouble shooting, environmental analysis, SWOT
analysis, Value chain analysis, Competition and survival strategies etc. Coupled with this, there
is need for a paradigm shift among students, teachers, communities and citizens at large
towards self-reliance. There should be that self-belief that one should be his/her own master
and not a servant. The 2017 new curriculum being implemented by the Ministry of primary and
secondary education is a milestone achievement towards inculcating successful entrepreneurial
mind set and skills.
10.2.2 Reinforcement of STEM (Science, Technology, Engineering and Mathematics)
courses
The initiative by the Ministry of higher and tertiary education, science and technology in 2016
to promote the uptake of Science subjects should become a culture from even infant school
right up to tertiary level. This should see a lot of entrepreneurs as more indigenous graduates
would be able to produce locally rather than relying heavily on imports.
10.2.3 Resources mobilization
It is probably the most lobbied input from entrepreneurs. Government to facilitate access to
start-up capital for viable business ventures based on promising business proposals.
Harmonisation of interest rates through smart partnership between government and those
commercial banks with SMEs banking services, recapitalising the Small Enterprises
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Development Company (SEDCO). Also capacitating ministries of Youths, Indigenisation and
economic empowerment and that of that of Small enterprises division of Resource mobilization
and Project development.
10.2.4 Training
Government should facilitate training of SMEs including those in the Informal sector by
utilizing departments like Zimbabwe Development Fund (ZIMDEF) to bankroll training
programmes or partner with the donor community interested in entrepreneurship, economic
empowerment and self-sustenance.
The training can be two pronged;


One to impart basic business skills (basic training for someone to understand
the business environment and aims of business to inculcate a sense of
seriousness of purpose of competitiveness and sustainable development



One to deal with compliance issues e.g. adhering to city by-laws and statutory
regulations as provided for in ZIMRA Act, NSSA Act and Labour Act,
Factories and Works Act etc.

10.3 Industry and commerce support
Getting advice from bigger players in industry and commerce who have done it
There is also need for would-be business owners or emerging entrepreneurs to get advice from
those who have been in existence for a longer time. They need to find mentors who are
successful, as well as to network with people they admire and look into great educational
programs to help them throughout the process. However for this to happen there is need for
industry and commerce to provide skills development. Such organizations should include for
example, the Zimbabwe National Chamber of Commerce (ZNCC), the Commercial Farmers
Union (CFU), the Bankers Association of Zimbabwe (BAZ), ZIA, CZI, ZIMRA, NSSA,
ZIMTRADE. Smart partnerships can be established between the SMEs and Industry especially
in areas of technical and financial support.
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ABSTRACT
Youth unemployment rate continues to be a developmental challenge in most countries in
Southern Africa and Zimbabwe is no exception. It has been recorded by ILO that 64% of the
total unemployed are youth aged between 18 and 30 years. Unemployment among the youths
is a very significant problem in Zimbabwe. Large private and public sector corporations simply
cannot create enough jobs for the young men and women being churned out by the institutions
of higher learning. The solution to this rising challenge is the promotion of self-employment.
Entrepreneurship has become a driver for economic growth in every nation due to its ability to
make, generate employment, promote innovation, produce competition and create economic
wealth. The gap is that the mindset of the youths is that of job seekers instead of job creators.
A case study of the bakery youth project at the School of Hospitality and Tourism was studied.
The respondents for this study were youths running a bakery project and National Diploma
students at the School of Hospitality and Tourism. The researcher used secondary data,
questionnaires, and interviews. Based on this study, it was found that the youths’ mindset have
a significant relationship with self-employment intention. This study was able to provide
factors that determine self-employment among youths. Youths fail in most cases because they
want to come up with mega projects overnight not withstanding that small is beautiful. The
study recommends that youths be educated more on the pull factors rather than push factors
when starting a business. Furthermore, the government and private sector must come up with
strategies to incubate upcoming youth projects and opportunity recognition in the market. This
concept is that of Corporate Social Responsibility and the role it plays in youth entrepreneurial
startup businesses.
Key Words: self-employment intention, incubation, entrepreneurial skills, opportunity
recognition.
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1.0. INTRODUCTION
Youth unemployment is a global phenomenon and the situation is no different in Zimbabwe.
The youth have the highest unemployment rate among all the age groups in the labour force in
Zimbabwe (UNOCHA, 2008). It is through youth entrepreneurial skills development that can
be an answer to this challenging position. Self employment has become a driver for economic
growth in every nation due to its ability to make, generate employment, promote innovation,
produce competition and create economic wealth.
The School of Hospitality and Tourism (SCHOTO) is a technical vocational education and
training (TVET) institution. Technical and vocational education is used as a comprehensive
term referring to those aspects of the educational process involving, in addition to general
education, the study of technologies and related sciences, and acquisition of practical skills,
attitudes, understanding and knowledge relating to occupations in various sectors of economic
and social life (UNESCO, 2016).
This is not all, it is also a competency based education and training (CBET) institution. CBET
is an approach to TVET, in which skills, knowledge and attitudes are specified in order to
define, steer and help to achieve competence standards, mostly within a kind of national
qualifications framework (Blythe, 2004). Hence, SCHOTO is better placed to be a springboard
of entrepreneurs. The importance of training to the success of any enterprise cannot be over
emphasized. This is because of the fact that students who have the required skills are able to
perform better and increase efficiency and productivity of their organization. Such students
will also require less supervision, meaning that they will be able to work on their own.
In addition to this, SCHOTO students are sent on industrial attachment also referred to as On
the Job Education and Training (OJET). OJET has been designed to fine tune student’s skills
acquisition in order to meet the bakery industry’s standards. On the other hand, one question
which comes to mind is who should set standards the industry or the institution. It is the
institutions like (SCHOTO) which should be ahead in technological innovations and state of
the art equipment rather than the industry. The success of institutions spearheading
entrepreneurial skills comes from the so called “Silicon Valley” in the United States. That is
Stanford University, its affiliates, and graduates have played a major role in the development
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of this area (Markoff, 2009). Silicon Valley has a social and business ethos that supports
innovation and entrepreneurship.
SCHOTO is a state of art TVETISED and CBETISED institution. The challenge is that one
sees, the graduates from this institution still milling the streets looking for jobs. It is the purpose
of this paper to look at the strategies that can be used to promote entrepreneurship among
SCHOTO graduates. If SCHOTO can develop an environment of developing high skills which
can lead to high value addition, in its graduates, this can be a major key to national
development. Developing entrepreneurial graduates is therefore essential for our future
success. Entrepreneurs with a higher academic background are often more innovative, can use
business models, and base their ventures on the use of new technologies. That is entrepreneurial
skills can be unlocked through the twin process of TVET and CBET.
2.0. THEORETICAL FRAMEWORK
An entrepreneur is a person who has an enterprising quality with an eye on opportunities and
a visionary, a person who is willing to take risks because of the adventurous spirit/skill within
according to Bhardwaj (2012). Entrepreneurship refers to the act of setting up a new business
or reviving an existing one so as to take advantages from new opportunities. It is the capacity
and willingness to develop, organize and manage a business venture along with any of its risks
in order to make a profit. A good example of entrepreneurship is that of starting a new business.
The person is an agent of change. Peter (1985) went on to say that entrepreneurship is the
process of discovering new ways of combining resources.
Hence there is a need for business incubator programs like the one that was started at SCHOTO
through the bakery project. The objective is to help develop new entrepreneurs and support
them to start up business and better able to survive on a long term sustainable basis. The
business incubator target new graduates who would like to develop their talent and ideas and
commercialize them.
Researchers have attempted to answer the question whether an entrepreneur is born or develops
in the environment in which they find themselves in. Significant theories and approaches have
been developed and as a result the most important are the following. Personality theories
(Buchholz, 2005), maintain that some people’s business activities, can be linked to their
personality traits. On the other hand, economic approaches (Carlos, 2006) focus on the
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environmental factors that influence entrepreneurship. According to Carlos it is the
environmental factors which can motivate and discourage people from assuming business
initiatives.
Entrepreneurial activity can be divided into two groups of entrepreneurs. The first group refers
to entrepreneurs who seek to take advantage of unique business opportunities (opportunitybased entrepreneurs), the second group refers to those entrepreneurs who cannot find a job and
consequently choose to start a new business in order to survive (necessity-based entrepreneurs).
While necessity-based entrepreneurship is quite low in developed countries, this type of
entrepreneurship is very dominant in most developing countries according to Lim (2011).
The same observation was noted by Gilad (1986), that people are differently motivated to
become entrepreneurs. Entrepreneurship research has attempted to identify the environmental
and situational factors that motivate people to become entrepreneurs; from this concept, “push”
and “pull” theories were developed. When they choose entrepreneurship because of the
attraction of wealth, independence or fulfillment, it is considered a “pull” factor. On the other
hand graduates are “pushed” into entrepreneurship because of lack of jobs and abject poverty.
In another study by Segal (2005), found out that external factors like a job loss will not motivate
a person to become an entrepreneur if there is no direct link or motivation.
Industry in this instance SCHOTO plays a vital role in molding skilled students. SCHOTO is
an incubator in the sense that it sought to help this Graduate Entrepreneurial Employment
(GEEP) program by the Ministry of Higher and Tertiary Education, Science and Technology
Development (MHTESTD) by providing management services and infrastructure. Business
incubation is a combination of business development processes, infrastructure and experts who
assist at all levels the new project. SCHOTO has provided its infrastructure that is the bakery
kitchen to the group. Lecturers in the bakery kitchen are also at hand to give expert advice on
confectionary and bakery production. The challenge is on business development processes
where there is no support lecturing staff. Marketing, accounting and other related business
disciplines should be availed to the project. Business is not all about production. The finished
products need to be sold. Support services must be in place to market the final confectionery
products. This is designed to help the new and upcoming bakery project to survive and grow
through the difficult and vulnerable early stages of development.
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The respondents during their time at college have been attached to the bakery industry through
OJET. OJET is training given to a student while engaged in productive work and this provides
knowledge and skills essential to the full and adequate performance on the job. A student works
alongside an experienced worker in the confectionery and bakery trade who passes skills and
knowledge to the trainee (Chase, 1997). This enables students to improve performance and
develop competences which mirror the bakery industry’s expectations.
3.0. OBJECTIVES
The objectives of this paper are as follows. The paper sought to find out if the
i.

Respondents have entrepreneurial ideas

ii.

School meets the student’s expectations in their entrepreneurial development

iii.

Respondents of the bakery project are necessity or opportunity based

iv.

Participants in the project have a positive attitude on the dignity of work

v.

Bakery project have created a market for its product

4.0. METHODOLOGY
This case study is based on the bakery project at SCHOTO. This project falls under MHTESTD
through the Graduate Entrepreneurial Employment Promotion (GEEP) program. The idea is to
help graduates who are unemployed to employ themselves.
The study used a descriptive survey, which enabled participants to give their opinion about the
project through interviews. The researcher also carried out observations on the project’s
administration, products and marketing strategies. The researcher carried out naturalistic
observation on the bakery project. This entailed studying spontaneous behavior of participants
in their natural surroundings. The researcher just recorded what was observed. Nonetheless,
significant limitation of this method is that it is less reliable as other variables cannot be
controlled. This makes it difficult for another researcher to repeat the study in exactly the same
way.
The observer decides in advance what types of behavior or events to record. All other types of
behavior are ignored (MacLeod, 2015). The observation was for a period of six months. The
interview dealt with each respondent’s business background especially what prompted them to
come together and ask for assistance from GEEP to start the bakery business enterprise. An
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observational study allows for a useful insight into a phenomenon and avoids the ethical and
practical difficulties of setting up a large and cumbersome research project. In addition to this,
observational studies are flexible and do not necessarily need to be structured around a
hypothesis about what one expects to observe but rather data is emergent rather than preexisting (Thousand Oaks, 2002).
Interviews can be used to explore the views, experiences, beliefs and motivations of individual
participants. The sample group was very small in terms of numbers and so it was prudent to
carry out a face to face interview with respondents. Interviews are particularly useful for getting
the story behind a participant’s experiences. The responses of participants can be explored in
order to gather more and deeper information.
4.1. TARGET POPULATION
The population in the case study consisted of 25 SCHOTO bakery graduates of 2015 and 33
lecturers in the department of Hospitality and Tourism at Bulawayo Polytechnic.
4.2. SAMPLE
The sample consisted of 4 GEEP students and 3 SCHOTO bakery lecturers making a total of
7. The 4 students were chosen by MHTESTD from a pool of unemployed bakery graduates. To
the researcher, this sample was as given. The selection of these unemployed youths is done by
MHTESTD.
At SCHOTO there were 33 lecturers teaching different disciplines. In this study purposive
sampling was carried out. The researcher wanted to get the opinions of the targeted sample
quickly bearing in mind that sampling for proportionality was not of primary concern in this
study. The researcher only looked at 3 lecturers who are in the bakery department. These
lectures would give expert advice to the group in the bakery project in terms of production
processes and to make sure that the group produces quality confectionary and bakery products.
In short the 3 bakery lecturers would act as mentors to the GEEP bakery project.
4.3. THE RESPONSE RATE
There was an 86% response rate because almost everyone in the sample was interviewed and
observed. That is 6 out of 7 of the respondents were interviewed. This was due to the small
numbers in involved in the sample 4 GEEP students and 3 SCHOTO bakery lecturers. A survey
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must have good response rate in order to produce accurate, useful results and to ensure that the
results are representative of the target population. The respondents were given adequate time
in which to answer the interview questions (SurveyMonkey, 2009). The interview times were
convenient to respondents as they did not interfere with the production schedule of the project
as they were carried out during tea or lunch breaks.
5.0 FINDINGS
It was found out that GEEP youths have a have high hope of success. On average they work up
to 9 hrs per day. They also avail themselves on Saturdays, Sundays and even public holidays.
This positive attitude has also led GEEP to continue funding the program.
It was found out that the respondents have entrepreneurial ideas. Respondents when asked
whether they had any business ideas, they were quick to come up with what they want to do.
One respondent wanted to open up a fast food outlet. The products would include homemade
products like bread, cakes and pastries. The respondents know clearly what they want to do
with their lives if funds and resources were permitting.
Respondents in the bakery project when asked whether SCHOTO met their expectations in
their entrepreneurial development, 75% agreed. It was also noted that 100% of the respondents
are necessity based entrepreneurs. They found themselves in the GEEP project because they
were unemployed. This is the case to all the members of the bakery project.
It was observed that the equipment in the bakery department was outdated. This could explain
the poor quality of products which the youths are producing. The success of any business
venture is also determined by the state of art equipment used.
It was also discovered that the group, believed in themselves and that they are fully TVETISED
and CBETISED. This is one of the group’s strongest strength. That is they are equipped with
the necessary skills to produce and market high quality bakery products.
6.0 DISCUSSIONS
The members of bakery project have a positive attitude towards their work. They have not
given up despite the challenges they are facing. That is the limited commodities they get from
GEEP. The challenges are also in the form of marketing the bakery products and the limited
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resources such as the premises and capital goods like ovens. The bakery project shares the
bakery kitchen with conventional students at the institution.
It was found that SCHOTO has provided the premises and the bakery equipment to the
respondents. The equipment is not adequate to run a viable venture. However, there is minimum
interference to the project’s operations. Technically, SCHOTO is incubating the bakery project
even in terms of providing production expertise. This expertise is being given by qualified and
experienced lecturers in bakery department at SCHOTO.
Business incubators have become a powerful tool for supporting the entrepreneurial process
and for helping to increase survival rates of young innovator’s startup companies (Schoof,
2006). Besides the provision of physical working space, they often provide a huge range of
resources and services like management coaching, business plan preparation, administrative
services, technical support, business networking, advice on intellectual property and source of
financing for a limited time period (around 3-5 years).
The respondents find themselves running a bakery project not by design but by necessity. In
this case all the 4 participants had failed to secure formal jobs. A necessity entrepreneur is
someone who has turned to entrepreneurship because they cannot find a job or another method
to create income. A necessity entrepreneur lacks innovation and creativity which on the other
hand is part and parcel of an opportunity based entrepreneur. That is why it was also observed
that these respondents have more than 3 years in incubation. By now they should have started
their own viable bakery projects. They should have weaned themselves off from GEEP.
Studies have shown that it is opportunity based entrepreneurs who can change the fortunes of
the country (Meyer, 2015). This study was carried out in South Africa and the Netherlands. It
was found out that Germany youths were keen to be entrepreneurs than their counterparts in
South Africa. That is Germany youths were job creators and not job seekers.
Entrepreneurship is the most important production factor because it saves as the triggering
power which mobilizes other factors. An enterprise can have abundance of natural resources,
labour and capital but without an entrepreneurial spirit its sustainability is short lived.
According to Chigunta (2005) necessity entrepreneurs in general do not have much growth
ambition in their businesses. Thus, they have only limited impact on the development of the
economy. On the other hand, opportunity entrepreneurs start their businesses out of an
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identified market opportunity. In this way, they are assumed to help build the economy further
(Africa Commission, 2009).
Marketing helps entrepreneurs to determine the size of the markets and implement strategies
to satisfy the market segments. It is the prime responsibility of a marketer to identify the real
customers and what they real want (Kotler, 1991).
It was observed that the bakery project does not have a vibrant marketing arm. The market for
its products is ready made. At Bulawayo Polytechnic there are 2 dining halls one at SCHOTO
and the other at the main campus, Johnson House. This is where the products of the bakery
project are distributed. That arrangement is not bad at all in the initial stages when the project
is starting up. Three years down the line, it is expected that the project should start marketing
its own confectionery and bakery products. That is the real life situation. The current set up is
that it is the students who are in resident who take the burden of poor or sub-standard products
during breakfast. The independent market is out there in the community such as Nketa,
Nkulumane, Mpopoma and Luveve just to name a few suburbs. Johnson House and SCHOTO
Dining Halls would not be there to simply accept the products without raising an eye ball.
Marketing is based on thinking about the business in terms of customer needs and their
satisfaction (Theodore, 2016).
The bakery project was still using equipment which was bought some 10 years ago. When
asked about the state of the bakery kitchen equipment both the respondents and lecturers agreed
that it was the bakery industry which had the latest technology. It should be the other way
round. Institutions of higher learning like SCHOTO should be the ones leading up in new and
advanced technology. All of the respondents concurred that modern equipment is only found
in the industry. The institution should have the state of art bakery equipment.
7.0 CONCLUSION AND RECOMMENDATIONS
It is recommended that SCHOTO should create an alumni department to help those students
who want to start enterprises and other business projects. The School must develop its research
department to scan the environment in the hospitality industry for possible opportunities which
it can then pass on to its graduates. The School must have a life long relationship with its
students rather than weaning them at an early stage. GEEP should be introduced to other course
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areas which are taught at SCHOTO. Courses like Tourism and Hospitality Management, Food
and Beverage Management and Professional Cookery need also to be supported.
The government scheme and financial assistance through GEEP have stimulated and provided
entrepreneurial support to the bakery project at SCHOTO. This has brought a strong awareness
among the respondents about the freedom of being self employed, thus leading to a positive
attitude to the dignity of work. It was also noted that it is not only the monetary benefits which
comes along with entrepreneurship. There are other issues of self satisfaction and achievement
and flexibility of work and being one’s boss.
It is recommended that GEEP should be open to both students who are employed and those
seeking employment. To stimulate growth in the country, GEEP should tap into opportunity
based entrepreneurs. The current arrangement discriminates against opportunity based
entrepreneurs, because it is only the unemployed who are given financial and incubation
support. If a student has found employment they do not qualify for GEEP.
The project should be encouraged to do an aggressive marketing campaign of its confectionery
and bakery products. After the incubation period, the project would be competing in the real
world of commerce.
It is heavily recommended for the group to sell its bakery products outside the campus during
their 2nd and 3rd years of incubation. Every organization needs marketing to survive because
the role of marketing is to identify consumer needs and a satisfied customer is the real business
of all profit making firms.
The issue of yesteryear equipment should be done away with. SCHOTO as an institution of
excellence in TVET and CBET should be in the forefront of high tech equipment. The bakery
industry should benefit from SCHOTO, in terms of equipment, expertise, innovation, creativity
and quality products and not the other way around. That was the success of the so called
‘Silicon Valley” firms alluded to above.
Moreover, well structured incubators should provide links to industry, business support
services to enhance and develop the business. This should include skills upgrade, introduction
to modern techniques and technological advice and assistance. SCHOTO should take the initial
marketing expenses and access potential strategic partners. These issues were not visible at the
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bakery project. This was due to financial resource constraints on the part of the incubator
(SCHOTO). However, business incubators can be an important vehicle to develop effective
employment and sustainable new projects to support national output and economic
development.
Despite the above setbacks and challenges, the bakery project at SCHOTO, is determined to
succeed. All the four members of the project have the desire, energy, self-confidence and ability
to push through. Their zeal was shown when they work even during public holidays and
weekends as long as the commodities were available.
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ABSTRACT
Isolates of Laminaria digitata and Laminaria hyperboria were obtained from local water
bodies in Zimbabwe (Kariba Dam, Chinhoyi River and Mazowe Dam). These two species were
cultivated and harvested in the laboratory. Laminaria digitata gave a much higher fresh
biomass yield (0.976 kilograms) as compared to Laminaria hyperboria (1.653 g) and was
selected for further investigation. Crude alginate was extracted from Laminaria digitata using
Method A (based on US Patent number US3396158 (US Patent office, 1959) and Method B
described by Columpong et al, (1999). The alginate obtained from Laminaria digitata was
analyzed and gave the following results: yield of 6.9 % and 15.9 %; purity of 69.8 % and 96
%, for methods A and B respectively. It was concluded that Laminaria digitata can potentially
be used at industrial level to produce food grade alginate.
Key Words: alginate, Laminaria digitata, Laminaria hyperborea, algae, extraction, stabilizers
1.0 INTRODUCTION
Alginates is a generic term referring to the derivatives of alginic acid that either occur naturally
in certain brown seaweed (alginophytes) or are produced from natural derivatives (Draget,
2009). Alginates are produced from marine algal seaweed species and they represent important
bio resources. Alginates have an economic benefit as they are valued for their properties such
as viscosity enhancement, gel forming ability, stabilization of aqueous mixtures, dispersions
and emulsions in a lot of food processing operations in industry (Martisen, 2000).
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Seaweeds are best known for the natural polysaccharides and other beneficial compounds such
as good quality proteins and essential fatty acids they contain (Holdt, 2011). These plant
resources are attracting more and more attention as a raw material for the production of
different phytochemicals (Holdt, 2011).
Research into different seaweeds has resulted in the development of cultivation industries that
produce over 90 % of the market’s demand (Tsuitsui et al, 2005). In Africa, South Africa is the
biggest processor of seaweed (Kiple, 2012). Seeing that this industry is largely an untapped
one in Zimbabwe, farmers and biotechnologists can invest in seaweed cultivation, creating
artificial environments that produce seaweeds with different desirable characteristics (e.g.
physicochemical properties like viscosity). This would be a sustainable extension of the current
food processing supply chain in a country that seeks to progress. There are numerous types of
algae species in Zimbabwe especially in its water bodies (both artificial and natural) which are
unused as no seaweed processing has ever been done in the country. With the emergence of
urban fish farming more sources of algae have been established which can be utilized. Algae
are not only useful in the food industry but in the prophylatic and clinical medicines in addition.
The investigation of alginate production would be a good opportunity for the local food
additive industry to fulfill a need in manufacturing by locally manufacturing a multifunctional
alginate. Every year the majority of Zimbabwean food processing companies attribute a
significant proportion of their cost of production to importing food additives, chief among them
being stabilizers like corn starch and gelling agents from mostly European suppliers. These
stabilizers and gelling agents are used in large quantities per annum and all the demand is met
by foreign companies. Zimbabwe has the potential to manufacture some of these food additives
from local resources and this would cost less compared to importing thereby reducing the cost
of production. This project’s initiative presents an opportunity to bridge a gap in the food
processing industry and complimenting the food additive industry which is relevant in the
processing of the majority of the food products processed locally by exploiting natural
resources to create employment. This is also in line with the Zimbabwe Agenda for Sustainable
Socio-Economic Transformation (ZIMASSET) section 7.1 which is the Food Security and
Nutrition Cluster whose thrust is to build a prosperous, diverse and competitive food security
and nutrition sector that contributes to national development (ZIMASSET, 2013).
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2.0 OBJECTIVES


To identify a local algae/seaweed species that can be used for alginate production.



To produce a food grade alginate and test the alginate functionality in food products.

3.0 METHODOLOGY
3.1 Searching and selecting suitable algae
Different water bodies were visited in the search for a suitable brown algae species for alginate
production and these included Lake Chivero, Chinhoyi River, Mazowe Dam and Kariba Dam.
The Scientific and Industrial Research and Development Centre (SIRDC), as well as the
Industrial research and Development Center in the GeoInformation and Remote Sensing
Institute were also consulted in regards to finding locations where the brown algal species could
be found. The species were isolated and characterized by the University of Zimbabwe
Biological Sciences.
3.2 Growing the algae
The two species were grown at laboratory scale in Bolds Basal medium added to the dam water
(prepared as per Seaweed culture handbook (2014)) at ambient conditions and with intermittent
shaking (three to four times daily). Rocks were placed at the bottom of each growing vessel to
provide points for attachment. The growth was determined and the pH monitored daily and
maintained within the range 6.6 to 6.74. A stock solution was prepared beforehand, autoclaved
and refrigerated prior to use. It was added at 10 milliliters per liter of seawater. Seawater was
changed once a week during the cultivation period.
3.3 Harvesting the algae
The Laminaria hypeboria was harvested by passing it through a filter paper, draining the media
and dam water from the algae. The algae was then oven dried at 50°C and stored for further
use.
3.4 Extraction of the Alginates
The extraction of alginate from the dried algae was performed using two different methods:
3.4.1 Method A
This method is based on the on a patented method, patent number US3396158 (US
Patent office, 1959)
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A small portion of the Laminaria digitata (10 grams) was placed in 500ml of water containing
3.5 equivalents of 1 M sulphuric acid and stirred continuously for 2 hours. After this treatment
the solutions were centrifuged at 2500 rpm for 15 minutes in order to separate the solution from
the algae residue. After the Laminaria digitata was acid treated it was placed in an alkali
treatment of 2 equivalents of sodium carbonate with constant agitation for 4 hours. This was
then mixed with water containing 0.01 N calcium chloride and 0.8N sodium chloride 50 ᵒC for
4 hours. The sodium alginate was then obtained by separating it from the waste residue by
gravity-facilitated sedimentation in an Erlenmeyer flask.
3.4.2 Method B
This method is based on an extraction of alginate as described by Calumpong et al (1999). The
Laminaria digitata was treated with 0.1 % formalin overnight in order to soften it and remove
pigments from the algae. The pH of the culture medium was adjusted to pH 10 and stirred
constantly stirred for 2 hours in a water bath at 80 °C. The solution was then diluted with hot
water and filtered with a vacuum filter. The filtered solution was treated with 10 % calcium
chloride and the calcium alginate precipitated. The solution was placed in distilled water at a
ratio of 20: 1 (water to algae suspension). The solution’s pH was reduced to 2 by adding 1M
HCl followed by stirring for 15 minutes. The sample was then filtered and the acid washing
step repeated twice and the pH measured. The alginic fibers obtained were placed in a 1: 1
solution of alcohol: water at the ratio. To this solution 10 % sodium carbonate was added and
the solution was stirred for an hour. The fibers obtained were filtered and dried on filter paper
at 30 °C for 12 hours.
3.5 Confirmatory test for sodium alginate
The confirmatory test was done by heating 0.5 g of crude sodium alginate in 50 ml of water up
to 70 °C while stirring the mixture constantly to achieve uniformity. This was used as the test
solution. To 5 ml of the test solution 1 ml of 20 % calcium chloride was added and changes
were noted. To 10 ml of the test solution 1 ml of dilute sulphuric acid was added and the
observations were noted. To 1 ml of the test solution 1 ml of saturated ammonium sulfate
solution was added and observations were made and recorded.
3.6 Determination of yields
The yield of the alginate were calculated as % (w/w) based on the initial dry weight of the
algae.
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3.7 Determining the Alginate purity /content
Determination of purity was done as per method prescribed by Hernandez – Carmona (1992)
without any modifications.
Purity =

weight of the precipitate * 100
weight of the initial alginate dry basis

3.8 Determination of Viscosity
The 5 gram of alginates were first treated with 50 ml of 0.5 % Sodium hex metaphosphate to
sequester calcium ions for the sodium alginate sample while the calcium alginate sample’s
viscosity was measured directly. The viscosity was measured using a Brookfield viscometer.
3.9 Sodium alginate as a stabilizer in a yoghurt preparation
The sodium alginate produced was tested for its stabilizing abilities in yoghurt. Fresh milk
(500 ml) and sodium alginate were mixed and pasteurized for 30 min at 85 °C. After
pasteurization the mixture was cooled to 42 °C after which 5 grams of pre-ripened culture of
thermophilic lactic acid bacteria was added. The mixture was packed and incubated for 6 hours.
The control yoghurt was made using fresh milk only and without any stabilizer. The viscosity
of the yoghurt during its production was measured hourly over a period of 6 hours. The
yoghurts were then observed over a period of time to see if they separated. The viscosity of the
yoghurt during storage was monitored for the two samples for 21 days.
3.10 Statistical analysis
Statistical analysis was done using the Statistical Package for Social Sciences (SPSS) software
version 16.0 and Excel 2016. The paired t-test was used to determine if there was a significant
difference in yields realized from method A and method B.
4.0 RESULTS
The results for the various experiments run in the research were recorded and analyzed.
4.1 Searching for alginophytes
Two species of alginophytes were found and these were identified as Laminaria digitata from
Kariba dam, Chinhoyi river and Mazowe dam while the Laminaria hyperboria was found in
Mazowe dam. There were no brown algae species (alginophytes) found in Mukuvisi river. The
Laminaria digitata in the Kariba dam could not be harvested due to lack of appropriate
equipment.
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4.2 Growing of the algae
The Laminaria hyperboria took 53 days to grow while the Laminaria digitata was more
vegetative as it produced more biomass compared to the Laminaria hyperboria. The Laminaria
hyperboria increased its biomass in its algal form while the Laminaria digitata took a more
macro-algal form which is more vegetative. The growth of the Laminaria hyperboria was not
be optimized due to time constraints. Samples of the grown Laminaria digitata and Laminaria
hyperboria are represented in Figure 1.

Figure 1: Comparison of extent of growth in Erlenmeyer flasks between Laminaria digitata (A) and
Laminaria hyperboria (B)

4.3 Harvesting of the algae
The Laminaria digitata yielded the biggest harvest by weight compared to the Laminaria
hyperboria. The Laminaria digitata yielded 0.976 kilograms while the Laminaria hyperboria
yielded 1.653 g. The Laminaria digitata became the prime alginophyte for investigation due to
its high yield and was dried for storage and in preparation for extraction. Figure 2 shows dried
Laminaria digitata

.
Figure 2: Dried Laminaria digitata from the air drying process prior to the extraction of
alginate.
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4.4 Extraction of the alginates The sodium alginate obtained was a fine, off-white powder.
Method A gave a statistically lower yield compared to method B (Table 1).
Table 1: Comparison of yields of alginate from Methods A and B (mass basis)
Method

Yield (%)

A

6.91

B

15.90

The alginate obtained using Method A had a brownish color while that obtained using method
B appeared white (Figure 3). Additionally, the alginate obtained from method A significant
seaweed/ algae residue remaining that needed to be removed.

Figure 3: Comparison of the appearance of the alginates produced using (A) Method A
and with (B) Method B.
4.5 Confirmatory test for Sodium alginate
The addition of calcium chloride gave a gelatinous precipitate in the test solution. The addition
of sulphuric acid gave a gelatinous precipitate in the test solution and the addition of
ammonium sulfate gave a clear solution with no precipitate. All the observations gave an
overall positive test for Sodium alginate (Pawar, 2014)
4.6 Determination of Purity
Method A yielded a more pure alginate product as compared to Method B (Table 3).
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Table 3: Purity of alginates from method A
Method

Purity (%)

A
B

69.8
96.2

4.7 Determination of viscosity
The viscosity of the sodium alginate was monitored over. It was measured and
0.90centipoise at 20.1ᵒC was obtained.
4.8 Sodium alginate as a stabilizer
The sodium alginate was tested forts capacity to act as a stabilizing ingredient in yoghurt.
Viscosity generally increased during fermentation for both the control and the test experiment
with the alginate (Figure 4).
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Figure 4: Viscosity change during fermentation
Its stabilizing ability was measured during the trend in viscosity change was monitored over a
19 day period under refrigeration conditions. Syneresis was first noticed on the 9 th day in the
control yoghurt and on the 14th day in the yoghurt that had sodium alginate. Viscosity gradually
decreased during storage and the changes are shown in Figure 10.
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Figure 5: Viscosity change during storage
5.0 DISCUSSION
5.1 Searching for alginophytes
According to information obtained from the National Herbarium of Zimbabwe there has not
been extensive research done in Zimbabwe of the alginophyte species that grow in the water
bodies in the country. Little research was done on the alginophytes found in Kariba dam by
Professor Magadza from the University of Zimbabwe who is an Aquatics guru who was the
incumbent was referred to by the National Herbarium of Zimbabwe. These alginophytes have
not been harvested to date as there is need for expensive equipment as well as a proper tracking
on their seasonal patterns. The majority of algae research done in Zimbabwe has been mainly
centered on green algae in Zimbabwe’s water bodies, chiefly hyacinth. According to Kipple
(2012) Laminaria hyperboria grows in clean, clear and cold waters which is not characteristic
of the water bodies found in Zimbabwe and this may account for the relatively low biomass
values observed in this study. is the main reason it was found in small quantities. . Laminaria
digitata grows in clean, clear and cold water at depths beyond 15m (FAO, 2011). It is found in
a dormant state in the warm waters of Zimbabwe in which it is not as vegetative as it would be
in the sea. Algae species do not grow in polluted water bodies which is why they are not
prominent in most water bodies in Zimbabwe.
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5.2 Growing algae
The Laminaria hyperboria grown was a micro - algae which was grown in an artificial
environment with a nutrient growth media in order to promote rapid growth. The equipment
was improvised and there was no incubator facility to monitor the growth temperatures which
could have greatly affected the growth as it grows between 10 – 15°C. However, the algae was
grown at room temperatures therefore it could not increase its biomass at an optimum rate. The
growth required a shake incubator for constant shaking of the samples to promote the increase
in biomass and this could not be achieved as shaking was manual and only 3 to 4 times a day.
Shaking prevents the algae from settling at the bottom of the vessel and promotes aeration
which is essential for growth. With better equipment improved growth could have been
achieved. An alternative option would be an open pond cultivation method where an open pond
ranges from an open tank to large natural ponds (Steinbuchel, 2005). The algae could have been
grown in a suspension and fertilizer be added to the water but in this case it was grown in Bolds
Basal media. Gas exchange was with the natural environment and lighting from the sun.
Aeration can be achieved by placing a paddle wheel which moves water along a raceway at a
moderated speed to reduce algal mortality (Rhee, 2005).
From the research conducted it could be more economic to invest in the cultivation of
Laminaria digitata for alginate production compared to Laminaria hyperboria as it has a higher
biomass.
5.3 Harvesting the algae
The Laminaria digitata had a larger biomass compared to the Laminaria hyperboria mainly
because the Laminaria digitata was macro- algal while the Laminaria hyperboria was a micro
– algae. According to Steinbuchel (2005) optimization of the production of micro- algae can
reduce harvest costs and researches are still being conducted to optimize the growth of microalgae. When harvesting micro- algae, the aim of harvesting is obtaining a slurry with at least
2-7 % algal suspension (total solid matter) (Richmond, 2004). There are four main methods
used to harvest micro- algae which in are sedimentation, filtration, flotation and centrifugation.
Filtration was used in this research as the particle size of the algae was small, mostly below
1milimeter. Filtration on an industrial scale can be done by simple screening or by the use of
micro strainers to dewatering up to complex vacuum or pressure filtration systems (Rhee,
2005). The method of harvest will depend on the type of algae, where it is being harvested from
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and the cost of equipment. Efficiency of the equipment is also considered on a large scale
manual harvest may be less effective.
The Laminaria digitata was harvested manually by cutting its leaf blades. The manual
harvesting was done as this was at lab scale and the harvest was not very huge. Manual
harvesting of Laminaria species has been employed in France and Norway but the emergence
of large scale application for hydrocolloids, stimulated the development of mechanical harvest
systems (Montesino, 2005). There is the use of equipment like trawlers where the harvest is
large and is from large water bodies like dams, lake, oceans and many others.
Drying of the Laminaria digitate (Post harvest)
The drying process was measured by the reduction in mass of the seaweed per unit time. The
gradient of the graph decreased as the weight of the Laminaria digitata decreased. The weight
decreased as the moisture was lost from the algae. From the drying curve it was noted that
Laminaria digitata had a high moisture content which is why the air drying process took long.
The oven drying process took less time as it used higher constant heat compared to the air dried
Laminaria digitata. Air drying is dependent on the temperature of the atmosphere and this
temperature fluctuates depending on the time of day and the weather thus there is no uniform
heat transfer during the drying process. During the drying process it was important to turn the
Laminaria digitata in order to ensure that the drying is uniform.
5.4 Extraction
According to Hernandez- Carmona and Aguire-Vilchis (1987) an efficient alginate extraction
is obtained by first treating the seaweeds with a dilute mineral acid which was the case when
extraction was done using method A. The addition of acid in method A transforms the insoluble
alginate into a soluble alginate (Haug, 1999). In this pre- extraction stage hydrogen ions are
added and in the extraction sodium ions were added. In method B, pre- extraction was done by
treating the algae with formalin. This stage is important in making the extraction process easier
as phenolic compounds are removed from the algae (Hernandez- Carmona, 1987). In extraction
method B it involves the conversion of the algal alginate into alginic acid, followed by the
neutralization of the formed acid with an alkaline sodium salt. According to Duville et al,
(1974) 67% of alginic acid is combined with calcium and magnesium ions based on a research
that was done using Macrocystis pyrifera and Lessonia fuscens.
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5.5 Alginate yields
According to Atkins, (1970) an average yield of 14% can be obtained from Laminaria digitata
and the method A produced a yield above the average yield whereas method B produced a yield
lower than the average expected yield. The Method B yielded a higher percentage yield
compared to method A this could have been because of the use of formalin. The use of formalin
as a pre- extraction treatment overnight hydrolyzed the alginophyte cell was, reduced the
impurities and made the alginate easier to extract (Lerrot, 2009). There was use of a higher
concentration of sodium carbonate during extraction in Method B. Sodium carbonate during
extraction is able to separate the cellulose from alginate contained in alginophyte cell walls,
this process increases the yield. In method 2 there was is use of heat therefore there is an
increase in kinetic energy which meant the rate of reaction was faster and higher extraction
yields compared to that of method A were obtained.
5.6 Confirmatory test for sodium alginate
Sodium alginate occurs as a white or yellowish- white powder and is odorless (Rhee et al,
2005). The confirmatory test was done based on its gelling properties. A very abrupt decrease
in potential hydrogen ions causes the formation of a precipitate whereas the slow and controlled
release of protons results in the formation of an alginic acid gel (Steinbuchel, 2005). In the
experiment the sulphuric acid was the supplier of the protons to cause the gelling of the Sodium
alginate. A very rapid and irreversible binding reaction of multivalent cations is typical for
alginates, a direct mixing of the two components results in a dispersion of gel lumps (Rhee et
al, 2005). In the experiment calcium chloride for this purpose, it had a divalent cation which
was Calcium. A calcium alginate gel is formed. Ammonium sulphate was added as a final
confirmation for the Sodium alginate as it would form a soluble salt with Sodium alginate
(Rhee et al, 2005).
5.7 Purity
According to Kelco (1986) the purity should be between 90 and 100%. For method B the purity
was within specifications as it was 96.2% however for method A, the purity was lower than the
specifications as it was 69.83%. The could have been attributed to the fact that there was no
formalin pretreatment which removes all the other hydrocolloids from the algae to ensure an
efficient extraction that only promotes an alginate yield.
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5.8 Viscosity
The viscosity was measured just to determine what sort of powder the sodium alginate was.
Through selection of grade and formulation, the flow characteristics of alginates can be
controlled; from freeflowing (low viscosity) to drip-free (high viscosity). Alginates must be
fully hydrated to obtain optimum functionality or for them to exhibit maximum viscosity. The
aqueous solutions of alginates have shear-thinning characteristics, the viscosity decreases with
increasing shear rate. Thus they have pseudo plasticity or non-Newtonian flow (Durairaj,
1978).
5.9 Sodium alginate as a stabilizer
Organic hydrophilic colloids in this case sodium alginate will bind water and consequently
increase the viscosity of a yoghurt during production. During fermentation the viscosity of the
yoghurt increased due to the fermentation process and in the case of the sample which had
sodium alginate the viscosity was higher than that of the control. The increase in viscosity was
steady until fermentation was complete. During storage the sample with the alginate took
longer to start showing signs of syneresis and its viscosity was higher than that of the control.
The viscosity decreased as the days progressed. Sodium alginate is used for its ability to
stabilize aqueous mixtures, dispersions and emulsions (Wong, 2000). A stabilizer’s function
also involves preventing the separation of whey from yoghurt a problem known as syneresis
(Soukolis, 2007). Yoghurt that has been pasteurized requires to be stabilized as the heat
treatment adversely affects then naturally formed gel and in this case the yoghurt was
pasteurized at 85ᵒC (Munro et al, 1999). The research therefore was able to show that the
yoghurt was able to stay for longer without showing signs of syneresis compared to the control
that start separating at the 9th day while the separation was only noticed in the 14th day.
6.0 CONCLUSION
Two species of algae were found and only one, Laminaria digitata could be used for alginate
extraction as it had a higher biomass after cultivation compared to Laminaria hyperboria.
Extraction method B as described by Columpong et al, (1999) produced a higher yield by 8.9
% compared to method A as per patent number US3396158 (US Patent office, 1959). Method
A also produced an alginate within the required purity specification according to Kelco (1986)
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compared to that of method B that had lower purity that was out of specifications. The
extraction method A produced an alginate that had a better color than that of method B.
7.0 RECOMMENDATIONS
The researcher recommends that Laminaria digitata can be cultivated for commercial alginate
production in Zimbabwe using method B described by Columpong et al, (1999) which can be
scaled up for industrial production. The researcher also recommends an investment analysis is
also encouraged for scaling up the process. However further research would need to be
undertaken in determining the microbial quality of the alginates as well as the heavy metal
content of the raw algae.
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ABSTRACT
Artisanal and small scale mining (ASM) is widespread in minerals-rich developing countries
including Zimbabwe where it constitutes both a livelihood strategy and an economic
development activity. According to case studies in this paper, the ASM sector in Zimbabwe
faces challenges of inadequate skills, equipment, health and safety standards, and access to
capital and markets which hamper productivity. This paper demonstrates that universities and
technical colleges can complement government efforts in enhancing mining productivity and
environmental and safety standards of ASM through formalising the sector by rendering
appropriate training, support and equipment. Such well-trained and well-equipped miners are
likely to undertake formal mining that can attract requisite funding. Mining-related
departments can further contribute to formalisation of the sector by empowering graduates to
start their own formalised small mining enterprises, by manufacturing and availing affordable
mining and mineral processing equipment to the sector, and by undertaking or facilitating
resource mapping and evaluation.
Key Words: student project incubation, sustainable mining, bankable project, knowledge
empowerment, optimal technologies.
1. INTRODUCTION
The Oxford Advanced Dictionary of Learners’ English defines formalisation as ‘the act of
giving something a fixed structure or form by introducing rules’. According to this definition,
an informal activity would, conversely, be structureless and without form and rules and
therefore somewhat chaotic. Organisations such as companies and political parties use formal
structures to prescribe procedures and behaviours ostensibly to enhance productivity,
efficiency, safety, outlook and so on. Similarly, all stages of the mining cycle, namely mineral
exploration, construction, mining, mine closure and rehabilitation would be more sustainable
if undertaken within certain rules and structures. The ‘grab-and-go’ regimes common in many
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artisanal and small scale mining (ASM) operations is not sustainable as it compromises even
the miners’ own safety and health and precludes their access to formal support.
If formalisation simply translates into the ASM becoming more liable to paying licence fees
(prospecting, mining, environment), taxes and royalties without any tangible benefits, who can
fault ASM workers if they opt to remain informal? Thus unless properly educated about the
importance and (tangible) benefits of formalisation, ASM workers may not find any reason or
incentive to sign up for formalisation. This role of educating ASM miners about formalisation
can be played by government mining departments, environmental custodians, commodity
buyers among others but these may, in the eyes of ASM workers, be conflicted in that they
stand to benefit from formalisation through institutionalised payments from the ASM sector. In
situations of uncoordinated policy implementation, each of these ‘educators’ may selfishly
emphasise only those aspects of formalisation that canalise financial payments to themselves,
effectively implying that all other payments are not obligatory. This leads to piecemeal or
selective formalisation of specific aspects of ASM which may be unsustainable because, as
mentioned above, mining is a cyclic system of interrelated components each of which must be
sustainably managed. For example, if ASM workers formalise only at access permitting, the
access permit givers collect revenue but if no potion of that revenue is set aside for
environmental protection, all that the permit confers on the miners is effectively a license to
plunder the environment in the course of exploring and exploiting the desired target
commodity. If by collusion or coincidence the commodity buyer and the tax collector only
concern themselves with the narrowness of revenue collection without worrying about the
environment and the safety and health of the miners, the system will likely collapse rendering
the revenue collection short-lived. In the same vein, a desperate buying agent may cause the
collapse of the whole system by offering attractive commodity prices (which create a mining
rush) if this is not accompanied by requisite engineering and health & safety structures. Clearly
any unbalanced set of instruction to the ASM sector meant to canalise revenue streams is not
proper education.
Proper education and training should empower the ASM sector workers to undertake profitable,
formal, and sustainable mining activities and to affordably pay their permitting, tax and
environmental dues. If such empowered ASM enterprises are replicated across a resource-rich
country such Zimbabwe, they can constitute a major driver of economic growth. This
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knowledge empowerment drive can be undertaken by various actors but should be spearheaded
by training institutions such as universities and colleges in order to provide neutral yet effective
education to the ASM sector for the sector’s own good, the good of the national economy, and
for the advancement of the institutions’ training mandates. Universities and technical colleges
can render to the ASM sector technical training (geological, mining, metallurgical,
environmental) and business training (accounting, management, marketing), as well as
technical support (manufacture and distribution of local mining and mineral processing
equipment).
2. FORMALISATION, REGISTRATION AND LEGALISATION
In Zimbabwe, a prospecting licence confers upon a prospector the right to prospect for
minerals. The legal authorisation to mine is via a registration certificate or a mining lease. It is
illegal to prospect or to mine without the requisite authorisation/ registration/ licensing.
Although this registration is a primary component of formalisation, there is much more to
formalisation. A registered mine can sell its products to an illicit, informal market. At that part
of the value chain, the mine is acting both informally and illegally. Similarly, the mineral
exploration, mining and mineral processing parts of the value chain can either be formal or
informal. Thus formalisation is a much broader process that seeks to integrate ASM into the
formal economy (UNEDP 2012) and should traverse the entire mining value chain. For
example in informal exploration, prospectors can estimate the mineral content of selected zones
of mineralisation using grindstones and panning dishes and proceed to mining without properly
delineating ore bodies or establishing the resources. This is informal but cannot neccesarily be
considered illegal. Unplanned and unsupported workings in mining are informal and if they
breach specific mining access and safety regulations they are also illegal. Alluvial gold mining
(panning) with panning dishes is a traditional, informal practice in Africa. However this activity
became illegal in Zimbabwe in the wake of the Environmental Management (Control of
Alluvial Mining) Regulations of 2014 which states that (p.85), ‘alluvial mining shall not take
place on land within 200 metres of the naturally defined banks or land within 200m of the
highest flood level of any body of water conserved in natural or artificially constructed water
storage work or stream; or any bed or banks or course of any river or stream; or land within
200m from any wetland’. In some jurisdictions the use of mercury in gold processing is illegal;
in Mongolia the use of mercury in artisanal gold processing was banned in 2008. In October
2013 following years of negotiation, some 140 countries including Zimbabwe signed an
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instrument known as the Minamata Convention meant to protect human health and the
environment from anthropogenic releases of mercury.
From the above, registration or licencing or permitting is part of the broader process of
formalisation. What then is legalisation? Legalisation is the process of removing a legal
prohibition on something that is currently not legal. If the current legal prohibition against
alluvial gold mining in Zimbabwe is removed, alluvial gold mining would have been legalised.
Another example of legalisation is the June 2015 removal of a 2011 ban on raw chromite
exports by Zimbabwe.
2.1 Aspects of ASM formalization
As alluded to above, formalisation of ASM entails many different components. These
components, unpacked below, are mining policy and legislation, mining and mineral
processing technologies, environmental issues, financial aspects and marketing.
2.2 Mining policy and legislation
A consistent policy regime is a prerequisite for integrating the ASM sector into the formal
economy (Hentschel et al. 2002; MMSD 2002). Some key tenets of such a policy, as envisaged
by Hentschel et al. (2002), include:


A transparent and appropriate legal framework offering easy access to mining titles and
legal channel for mineral production.



Strict monitoring of compliance with the legal framework and penalties against
violations.



Availability of demand-oriented services (technical, legal, socio-economic and
environmental).



Incentives for formal (legal) ASM e.g. import duty exemptions, taxation relief to
upcoming ASM companies, improved access to finance/ credit, and access to free
markets.



Harmonisation of government departments and other stakeholder institutions into the
ASM sector policy administration and implementation. In Zimbabwe this is particularly
important where a multiplicity of agencies separately seek to collect fees from, and
regulate, ASM activities.
402

2.3 Mining and mineral processing technologies
In general many ASM enterprises use basic tools for mining, ore handling and mineral
processing, leading to strenuous chores of low productivity. Appropriate ASM technological
interventions can enhance the economic sustainability of such ventures without compromising
on their environmental sustainability. Filling this technological gap is one way of transforming
artisanal mining into vibrant formal small scale mining ventures. Similarly it is possible to
upscale from small-scale mining to medium scale mining by upgrading the operational
environment, including technology/ equipment.
2.4 Technical skills
According to Hentschel et al. (2002), many ASM problems are technical and require
appropriate technical solutions implemented in an integral approach. The technical solutions
have to be commensurate with the economic potential of the target group and need to be
accompanied by education and training, and be affordably replicable. Equipping ASM workers
with appropriate exploration, mining and mineral processing skills, is an effective way of
empowering them to undertake sustainable and productive mining activities.
2.5 Environmental, health and safety issues
Small scale mining generally has a greater environmental impact per unit output compared to
large scale mining (Hentschel et al. 2002; MMSD 2002). The environmental problems
associated with ASM include: mercury and cyanide pollution, acid mine drainage, river
siltation, erosion and deforestation, landscape destruction without reclamation and cultural
damage. Governments are expected to enforce legislation to protect the environment and the
health of communities and miners, but legislation and enforcement alone are not enough. A
comprehensive, realistic and supportive ASM regime should couple enforcements with
appropriate training and awareness campaigns about the risks of unsafe work practices, and to
proffer safer alternatives compatible with local cultural, social and economic norms (MMSD
2002).
In Zimbabwe the cost of environmental compliance, administered via the Environmental
Management Agency (EMA), is beyond the reach of many ASM workers who are already
burdened with a plethora of other licensing fees from several other agencies/ government
departments.
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2.6 Financial issues
The lack of access to credit by the ASM sector is considered a major impediment to the sector’s
growth and sustainability. Many banks consider loans to ASM to be high-risk, which is largely
true because the sector generally has no capacity to provide bankable mineral resources
estimates. Unfortunately the challenge is cyclic because it is not cheap to hire experts to
conduct bankable resources estimates. There is therefore need to render technical and financial
support to the ASM sector for their projects to become bankable and fundable. In Zimbabwe,
traditional banks are generally considered less supportive to the ASM sector compared to
micro-finance institutions that are prepared to take risks of potentially bad loans. The
Zimbabwe government itself runs the Mining Industry Loan Fund & Plant Hire Scheme which
has previously supported the ASM sector. Professionals in universities and technical colleges
can partner with the ASM sector to deliver affordable resource evaluation services, including
bankable resource estimates for priority projects.
2.7 Minerals marketing
Typical market problems in the ASM sector include lack of direct markets (going through
intermediaries), stringent market regulations and illicit trading. Decentralization of markets
helps curb illicit dealings by cutting off unnecessary exploitative intermediaries, who are the
main culprits in smuggling (Hentschel et al. 2002), while at the same time ensuring that miners
get higher profits for their produce. Profit margins can also be increased by assisting the ASM
sector to establish local processing industries that add value to mining products. A benchmark
ASM support regime promotes fair trade initiatives that give miners the opportunity of trading
their produce under the bestselling terms and conditions (Hentschel et al. 2002).
3. METHODOLOGY
Whereas what has been termed modern mining in Zimbabwe commenced with the arrival of
colonialist settlers in 1890, ASM mining in the country is a traditional undertaking that dates
much further back as evidenced by the 16th Century gold trade between the Munhumutapa
Empire (1430-1760) and the Portuguese. In order to explore how educational institutions can
support the ASM sector in Zimbabwe, three surveys were undertaken as part of a larger study
of Chigumira et al (2016) are used here to identify challenges and training/ skills gaps within
the ASM sector. The case studies covered the gold mining within the Mutare-Odzi Greenstone
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Belt, Manicaland Province, chromite mining on the Zvishavane-Shurugwi-Lalapanzi stretch of
the Great Dyke, Midlands Province, and gemstones within the Mwami Mica Field,
Mashonaland West Province (Figure 1). A total of 98 mining sites were visited in the subareas
and at each visited site questionnaires were administered. In all the three areas, questionnaires
were administered orally, face to face with respondents, effectively making them structured
interviews.

Figure 1: Study sub-areas in three provinces of Zimbabwe.
Manicaland Province was chosen as a study area due to the concentration of gold mining
activities along the Mutare-Odzi Greenstone Belt (Figure 2). Forty three ASM sites were visited
and a questionnaire was administered to a representative at each site visited. Actual site
selection was based on the convenience sampling technique whereby those miners who were
found at their mining sites were approached for interview. This was done in such a way as to
spatially cover as much of the belt’s extent as possible (Figure 2). The geology of the MutareOdzi Greenstone has been described by several authors (e.g., Phaup 1937, Swift 1956,
Bartholomew 1990, Campbel and Pitfield 1994 and Chenjerai 1995). The belt is a significant
historical gold producer with 68t (93%) of the total historic production of 73t having been
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mined from the Penhalonga Valley in the NNE part of the Mutare segment of the belt (Figure
2). The greenstone belt is under-explored and most of the deposits have not been fully
delineated, giving the impression that they are mostly amenable to small scale mining.
Consequently the belt is dominated by the ASM sector that targets both alluvial and hard rock
deposits. The only large-scale mines are situated to the northeast of the belt, and include
Redwing, Rezende and Penhalonga mines.

Figure 2: Mining sites visited within the Mutare-Odzi Greenstone Belt, Manicaland,
Zimbabwe.
The target commodity in the Midlands Province in this survey was chromite which principally
occurs along the Great Dyke and secondarily in ultramafic sequences proximal to the Great
Dyke. A total of 27 chromite mining sites were visited and, like the Manicaland gold ASM
survey above, actual sites were selected based on the convenience sampling technique whereby
those miners who were found at their mining sites were approached for interview.
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In the Midlands Province the study area is the chromite-mining stretch of the Great Dyke from
Zvishavane in the South to Lalapanzi in the North. The Great Dyke is a 550 km long, 3-11 km
wide NNE-striking mafic-ultramafic intrusion, which cuts across Zimbabwe (Figure 1). The
Great Dyke contains the world’s second largest platinum reserve, after the Bushveld Complex
of South Africa, and hosts world-class resources of metallurgical chromite. The chromite seams
measure 5-180 cm thick and eleven of them are laterally persistent and account for more than
10,000 million tonnes of chromite which currently is mainly mined by small-scale miners.
There is also chromite that does not occur as seams, but rather as pods in ultramafic sequences
associated with greenstone belts off the Great Dyke. This style of chromite mineralisation,
exemplified in this study in the Shurugwi area, is known as podiform chromite. Other
significant deposits of podiform chromite are found at Mashava.

Figure 3: Chromite mining sites visited in this study.
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Most of the chromite claims on the Great Dyke are owned by the Zimbabwe Mining and
Smelting Company (ZIMASCO) and the Zimbabwe Alloys Company (ZimAlloys). For more
than 15 years now, ASM miners are the ones undertaking most of the mining on these claims
under tribute arrangements. The company (‘grantor’) provides a chrome mining site or sites,
mining and transportation equipment to a small small-scale miner (‘tributor’) who employs his
or her own labour to mine chromite which must be sold to the grantor at a price determined by
the grantor. There is currently resurgence in chromite mining activities following the recent
lifting of a 2011 ban on raw chromite exports intended to promote value addition within
Zimbabwe. Chromite miners have traditionally derived 100% of their livelihoods from
chromite mining (Dreschler 2002). In this regard the ban on raw chrome exports induced a
decline in demand of chromite, severely threatening livelihoods of the chromite-dependent
communities. The lifting of the ban came as a welcome relief to distressed miners who have
been holding on to their chromite stockpiles for the better part of the 4 year duration of the
export ban. The government has recently set up a special purpose vehicle to handle the mining
and marketing of chromite by the ASM sector. The royalty fees for chromite were raised from
2% to 5% but the export tax of 20% was removed.
4. RESULTS OF THE STUDY
This study can be considered a needs-analysis of the ASM sector in Zimbabwe based on the
three case studies alluded to above. Of particular interest in this paper are gaps in training,
technical support and technological support that training institutions can render to the ASM
sector in Zimbabwe. Table 1 summarises the challenges that miners in the study subareas face
in their operations.
4.1 Education and Training
The Manicaland study showed that out of the 43 people in the survey, 22 (51%) had no formal
mining training of any kind, 6 (13%) had technical mining skills and the rest had management
or business skills (Figure 4). Five people (11%) had more than one skill. In general these
statistics indicate the need to avail relevant training courses to the ASM sector in Manicaland,
a niche that universities and technical colleges should be able to fill.
In the Midlands Province, a paucity of formal mining training is evident among the
respondents, with none of them having gained any technical mining qualification (Figure 5).
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The figure shows that 48% of the respondents did not have any formal technical training in
mining. However, some attained management training, and ‘other’ training, which in some
cases meant safety, health and environment (SHE) training. Both mine management and SHE
are important training courses in mining, but among the workforce must be personnel equipped
with mining technical skills. However, the lack of formal mining technical skills may partially
be compensated by the finding that 70% of the respondents had at least 10 years’ mining
experience and 93% had at least 5 years mining experience. This further suggests that the
chrome miners are not only dedicated to mining but need capacity building and technical
support to upscale their activities.
Among the gemstone mining communities in Mashonaland West Province, ASM miners
indicated that they have experience with the gemstone geology of the area (52%), were
experienced in mine management (20%) and mining (4%) and 44% were yet to attain any
significant experience. However none of these gemstone miners had been formally trained in
any of these areas.

Figure 4: Mining skills of respondents in Manicaland Province, Zimbabwe
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4.2 Mining and mineral processing equipment
Apart from lack of training in mining and mineral processing, ASM workers in the three studied
subareas indicated that they lacked mining and mineral processing equipment which they
claimed significantly impacted on their productivity. The surveys revealed that the most
sought-after small-scale gold and gemstone mining equipment are excavators, compressors,
jack hammers and drilling accessories and consumables, water pumps and earth moving
equipment (Table 1). In chrome mining, miners mainly require excavators and haul trucks.
ZIMASCO chromite tributors are serviced by ZIMASCO excavators and trucks, although
currently these are in short supply. Most gold miners in the survey processed their gold ores at
custom milling plants which they considered both too few and too inefficient to satisfy their
needs.

13%
None
22%

48%

Management
Other
At least 2 skills

17%

Figure 5. Mining skills of respondents in the Midlands Province, Zimbabwe
4.3 Access to capital
The lack of access to credit by the ASM sector is considered a major impediment to the sector’s
growth and sustainability. In this study, the gold sector survey in Manicaland Province recorded
a surprisingly high loan application success rate of 47%. However all those who applied for
loans for chromite mining in the Midlands Province and gemstone mining in Mashonaland
West Province were unsuccessful. Many banks consider loans to ASM to be high-risk, which
is largely true because the sector generally has no capacity to provide bankable mineral
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resources estimates or offer collateral. The high success rate in Manicaland Province could be
attributed to relatively easy access to credit from microfinance institutions most likely fuelled
by re-investments derived from the then slowing diamond proceeds from the nearby Chiadzwa
diamond fields. In general there is need for the industry to extend technical and financial
support to the ASM sector to advance projects to bankable status. In Zimbabwe, traditional
banks are generally considered less supportive to the ASM sector compared to micro-finance
institutions that are prepared to take risks with potentially bad loans. Universities and technical
colleges can partner with the ASM sector to facilitate or deliver affordable resource evaluation
services, including bankable resource estimates for priority projects.
Table 1: Some of the challenges faced by the ASM sector in Zimbabwe
Challenges

Recommendations

Lack of mining knowledge and Tailor-made training courses are required for the ASM sector in:
skills

exploration; deposit geology; drilling, blasting & explosives handling;
roof & ground support; metallurgy and mining business finance and
management.

Lack

of

mining

(compressors,

jack

equipment Training institutions should design and tailor-make affordable mining
hammers, equipment for the ASM sector. This can significantly complement efforts

drilling accessories, water pumps, of government and other agencies in availing requisite mining equipment
earth moving equipment)
Lack

of

mineral

equipment

to the ASM sector.

processing Training institutions should design and tailor-make affordable mineral
beneficiation equipment for the ASM sector. The institutions can also set
up mineral beneficiation facilities and provide custom mineral
processing services to the ASM sector.

Poor infrastructural development The government/ local authorities should maintain roads to mines, and
(poor roads, no electric power, no provide electricity and water.
water sources)
Expensive government licensing Mining licensing fees should be reviewed to make them affordable to
fees

more small-scale miners.

Lack of financial support from The ASM players lack bankable documents and/ or collateral for
financial institutions

accessing project financing. Training institutions can partner with the
ASM sector and provide, to selected projects, affordable project
valuation expertise using internationally accepted codes such as JORC
and SAMREC.
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5. DISCUSSION
Formalisation of the ASM sector primarily seeks to bring order to the sector and incorporate it
as part of the formal economy. The main dimensions of ASM formalisation include mining
legislation, mining and mineral processing technologies, technical skills, environmental
management and access to capital. Given this multi-faceted nature of formalisation not only
government, but also miners associations, large scale mining companies and academic
institutions have roles to place in formalisation of ASM (UNEDP 2012). Drawing from results
of three Zimbabwe ASM case studies cited in this study, this section further explores and
discusses how universities and technical colleges in Zimbabwe can enhance efforts in
formalising the ASM sector.
5.1 Education and training
Section 4 of this study shows that ASM sector workers in Zimbabwe generally lack adequate
technical skills in mining, geology, mineral exploration, mining and mineral beneficiation.
They also lack business skills, such as management and accountancy and marketing which are
necessary support skills required to successfully run business ventures including mining.
Another special area of interest is mining law which empowers ASM workers with an
understanding of their rights and responsibilities under the law. Universities and technical
colleges should undertake detailed needs analyses and design theory- and practical-oriented
curricula that address these needs. One mode of delivery is a series of short courses to the ASM
sector coordinated by mining departments but also drawing from commerce and law
departments for the business and law components. These courses can have profound effects on
how mining is organised. For example with a knowledge of geology and mine planning, mine
workings would be designed to optimise access to known reefs rather than, characteristic of
many ASM, scattering workings all over the mining area with the hope of blindly intersecting
a reef. Optimal mineral processing technologies would be designed and recoveries and grades
would cease to be matters of guesswork but predictable factors incorporated in planning.
Another mode of imparting these skills is to inculcate the entrepreneurial fortitude among
conventional mining students and help kick start their mining projects through business
incubation. Having been formally taught geology, mining and mineral processing, the students/
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graduates are likely to undertake registered, formal mining activities upon graduation and
completion of incubation internship.
5.2 Mining equipment
A paucity of mining equipment was reported in the sites in the three surveys in this study.
Training institutions can assist the ASM workers via mining equipment selection and by
designing and manufacturing appropriate and affordable mining equipment. Access to
equipment by addressing financial positioning is the prime mover for well-equipped mining
processes coupled with establishing adequate technical planning of operations. The major
issues related to mining by ASM are not just equipment-related but the tendency in ASM of
picking the ‘eyes’ of the deposit by concentrating efforts on the pockets with visible material.
This tendency for selective mining is an issue of the ASM responding to the reward systems in
place where grade is considered disproportionately more important than tonnage. It is
apparently more advantageous in such ASM work schedules to follow the richest pockets or
eyes, but such a system may not sustainably support larger, more organised operations which
rely more on ore volumes.
5.3 Mineral Processing equipment
Gold miners in this study particularly complained about inadequate gold processing plants and
inefficiency of the existing custom gold processing facilities. Training institutions can assist
the sector by optimising existing plants and setting up new central milling facilities that serve
as custom milling plants as well as educational facilities for both conventional students and
learner miners. The majority of custom milling facilities available in Zimbabwe are based on
using stamp mills for communition of ore. The stamp mill is now more than 150 years old in
terms of technological development and was first introduced into the country on ox wagons in
the 1890s. The stamp mill performance is generally characterised by poor liberation of mineral
particles due to a coarse grind. Mineral content thus remains locked up within mineral grains
and is not liberated to aid recovery. Communition equipment has become available at cheaper
supply costs from China in competition with expensive equipment on the local market.
Educational institutions will need to find ways of driving down costs for the local supply of
equipment, overcoming local arbitrage supply positions.
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5.4 Environmental management
Environmental protection and management is at the core of modern mining activities. At the
international level, the ASM sector is governed by the United Nations Environment Programme
(UNEP) Guidelines on Mining that apply to all aspects of mining activities (of all scales)
including exploration, mining and mine site rehabilitation. Zimbabwe being a signatory to the
Rio Declaration on Environment and Development, ASM is bound by this pact to carry out
mandatory Environmental Impact Assessments (EIAs). This has since been domesticated into
the Environmental Management Act (GoZ 2011). In Zimbabwe the cost of environmental
compliance, which includes paying EIA consultants and administrative fees, is administered
by the Environmental Management Agency (EMA). According to EMA, EIA’s are compulsory
for the ASM sector, but a significant proportion of ASM miners operate without EIA’s and
resort to cat-and-mouse games with EMA and the police.
Training institutions can partner with the ASM sector to extend affordable and comprehensive
EIA’s. The costs of EIAs are generally beyond the reach of many ASM workers who are
already burdened with a plethora of other licensing fees from several other agencies/
government departments. Although EMA carries out environmental awareness campaigns
among the ASM sector, training institutions can complement this effort by introducing
affordable, specially designed environmental management and EIA courses in partnership with
EMA. This can transform the EIA process from a mere licensing requirement into a holistic,
participatory environmental management tool in mining areas.
5.5 Access to capital
Many banks in Zimbabwe are averse to lending to the ASM sector because they consider the
sector to be high-risk due to lack of collateral and bankable mining business plans. Mineral
resources and reserves estimates are a major component of bankable business plans. However,
acquiring these estimates is generally expensive and beyond the reach of most ASM workers
because this requires the hiring of a ‘competent person’ and undertaking prescribed exploration
work including drilling at specified intervals. Training institutions can partner the ASM sector
to facilitate or undertake mineral resource estimates opening up avenues for project financing
including bank loans and investor funds while at the same time raising awareness among ASM
players of the value of partnering in financing mineral projects development. There must be
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projects amenable to production of bankable business plans with payment to professionals
taking the form of project participation thus avoiding the need for upfront cash payment. ASM
must be educated about the value of leveraging their position and that first mover status does
not always translate into a successful winner takes all position.
It is likely that successful financing positions established from charitable positioning will be
limited. Viable partnerships for project proposals likely to produce successful outcomes and
the much needed transfer of skills are required. Advancement of charitable provision of
technical expertise will likely invite clamour for it and limited or lack of its provision to ASM
as well as arbitrage positioning opportunity to the ultimate disadvantage of ASM. Transparent
mechanisms in technical capacity provision are likely to tie in transformational efforts to
successful outcomes.
It must be mentioned however that Zimbabwe has a history of excelling at one point or another,
in deploying meaningful funding mechanisms to the ASM sector. Three of the key elements
underpinning this historical success are the 1945 Ex-servicemen Rehabilitation Scheme, the
Shamva Mining Centre and the Mining Industry Loan Fund & Plant Hire Scheme. Under the
1945 ex-servicemen scheme, returning world-war soldiers were trained in mining at what later
became the Zimbabwe School of Mines to enable them to start their own mining operations
and reopen those operations closed during the Second World War. Armed with the training and
soft loans from the government, 221 beneficiaries managed to open or re-open 279 mines
(Viewing 1984). In the 1990’s Zimbabwe was a globally recognized model for addressing real
issues of small scale miners through the provision of a central gold processing facility at the
Shamva Mining Centre, and establishment of the Mining Industry Loan Fund & Plant Hire
Scheme which leased equipment to miners and provided loans for mining capital and operating
costs (PACT 2014; Spiegel 2015). Success of the centre encouraged its replication in countries
such as Burkina Faso, Mali, and Tanzania with funding from international agencies such as the
World Bank (Dreschler 2002).
6. CONCLUSIONS
There is growing awareness that the ASM sector is an important economic activity and a
livelihood strategy especially in resource rich developing countries such as Zimbabwe. Many
governments in these developing countries are very keen on canalising ASM earnings into
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national revenue streams without rendering commensurate support to the ASM sector, which
remains chaotic and under-resourced. For example, Zimbabwe’s current economic blueprint,
Zimbabwe Agenda for Sustainable Socio-economic Transformation (ZIMASSET) premises
the country’s economic development on the judicious exploitation and beneficiation of
Zimbabwe’s mineral resources. Formalising just the selling/ buying points is not enough; the
entire mining cycle comprising exploration, mining, marketing, closure and rehabilitation must
be formalised and properly resourced for ASM to be a more sustainable, safe and productive
sector. Governments lack the capacity to properly do this alone and there is need for training
institutions to complement government efforts by extending to the ASM sector support services
such technical training, design and manufacture of appropriate mining and mineral processing
equipment, and facilitating/ undertaking mineral resource evaluations. The three case studies
in this research bring to the fore the challenges within the ASM sector and there is scope for
significant contribution by mining departments in universities and colleges.
Apart from training and appropriately equipping ASM miners, training institutions can foster
ASM formalisation by assisting students trained in mining-related disciplines to embark on
mining and mineral processing projects. Initial support can be through project incubation on
tenements specifically acquired for research, training and project development.
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ABSTRACT
Zimbabwe is currently going the indigenisation route where most small scale companies and
even large scale companies might not afford to set-up effluent treatment plants. Collective
treatment of effluent using membrane technology might be the answer. A hybrid Powdered
Activated Carbon/Ultrafiltration (PAC/UF) system was used to check the feasibility of
recovering water from a Central Effluent Treatment Plant in India where this concept is being
tried. A sample identical to a collection of CETP influents from Tirupur and Telugupalayam,
Tamil Nadu, India was passed through a treatment process of sand filtering, PAC adsorption
and finally a UF membrane. Chemical Oxygen Demand (COD) was reduced from 2560mg/l to
160mg/l. Colour which is a major pollutant was reduced from absorbance of 1.857 to 0.053.
But colour could be reduced further through increasing the PAC per unit volume and increasing
contact time. An adsorbent dose of 0.00125g/ml of PAC was used with contact residence time
of 30minutes. Total solids (TS) was reduced from 27600mg/L to 200mg/L. Cloth filter was
used after the PAC dosing system to reduce load on the UF system, minimise backwash time
and hence increase productivity time. PAC usage reduces cost since it is relatively cheap. This
system is perfect where recovery of chemicals is not a priority but where recovery of water is
necessary. Both the retentate and permeate of UF can be reused since a lot of chemicals are
removed by adsorption depending on sensitivity of process stages. Hardness is reduced together
with sulphate content.
Key Words: Powdered Activated Carbon (PAC), Ultrafiltration (UF), Central Effluent
Treatment Plant (CETP)
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INTRODUCTION
Creation of wealth from waste justifies reuse, recycle and conservation of resources that are
getting scarce by each passing day. Water is so abundant which sometimes gives the Earth the
name, ‘the blue planet’, but freshwater is a notably finite resource that is not evenly distributed
everywhere or to everyone [1]. Although it appears to be in plentiful supply on the earth's
surface, fresh water is a rare and precious commodity and only an infinitesimal part of the
earth's water reserves (approximately 0.03%) is available for all human activities [2].
The purpose of the study was to provide a cheap method of effluent treatment for efficient
water reuse. The target was collective effluent from industrial waste, especially textile
industries which use excessive amounts of water. The treatment method was also to be ideal
for small scale industries for they cannot afford to set up individual effluent treatment plants.
With most governments in developing countries pushing for indigenization and empowerment
of small to medium enterprises, research into possible effluent treatment by these organizations
seemed necessary. Also membrane technology is one of the modern effluent treatments whose
impact in these industries still needs to be exhausted.
Central effluent treatment plant (CETP) was a concept that was introduced in India by the
Ministry of Environment and Forests (MoEF) in 1991 to treat water from a collection of Small
to Medium Enterprise (SMEs) because they were proving to be a major contributor to pollution
and was listed among the 54 industries polluting the environment. This was because the SMEs
did not have the resources to treat effluent independently. An estimate of over 300 000 small
scale industries (SSIs) mainly in about 867 clusters has been done by MoEF [3]. Nearly half of
the waste water generated by most polluted industries was from small to medium scale
industries. The concept was appealing to the government because capital costs of construction
were distributed; it was much easier for regulators to monitor a collection of effluent disposal
than individual companies and was economically feasible due to economies of scale.
Combination of membrane processes meets economic requirements; space constraints as well
as improving treated water quality in comparison to traditional methods [4]. Ultrafiltration is
not as fine a filtration process as nano-filtration and reverse osmosis but does not require the
same energy to perform the separation because it operates at lower pressures. It is based upon
a "sieving" mechanism that rejects constituents based upon size [5]. Ultrafiltration removes
419

large molecular weight molecules but is not sufficient to remove most azo-dyes from the
solution. Enhanced ultrafiltration is used to increase selectivity of membranes. Selectivity and
permeability exist as a trade off in most membrane operations. If a membrane is negatively or
positively charged, increased separation can occur through electrostatic interactions increasing
retention rate of the pollutant and also reducing fouling [6].
Several technologies such as electrochemical destruction, advanced oxidation, coagulation,
flotation and sorption have removed colour but involve complicated procedures [7]. Most
problematic are brightly coloured, water soluble reactive and acid dyes which tend to pass
through conventional treatment systems unaffected [8]. Synthetic dyes are generally the most
difficult to treat because they contain complex aromatic molecular structures, which make them
more stable and more difficult to biodegrade [9].
Conventional technologies such as adsorption, coagulation have proved to be efficient for
further optimizing and enhancing the separation performance of UF process. Adsorption has
been extensively used to remove pollutants from wastewater compared with coagulation
method due to its high efficiency and economic feasibility [10]. Also micellar enhanced
ultrafiltration (MEUF), a hybrid (non-conventional) process, has been shown to remove low
levels of organic dyes from water [11]. Membranes with a Molecular weight cut off point
(MWCO) under 20kDa are able to achieve COD removal efficiency between 53 and 59% when
working between 1.5 bar and 4.5 bar [12]. Pre-treatment processes, such as coagulation,
powdered activated carbon (PAC) adsorption and direct filtration processes, are necessary to
decrease the fouling on the UF membrane and at the same time increase the organic removal
efficiency for secondary effluent reclamation and reuse [13]. Studies have shown that
flocculation followed by adsorption on PAC is among the most effective pre-treatments for UF
membrane filtration [14].
Organic matter is the primary reason for physical irreversible fouling, especially when MF or
UF is used [15]. These days, hollow-fibre membranes made up of materials; polyvinylidene
fluoride (PVDF) and polyether sulfone (PES) are predominantly used in large scale water
treatment facilities because of their high chlorine and acid resistance. Structural modification
of these membranes is also a common practice used to reduce the membrane fouling [16]. One
approach for mitigating fouling is feed pre-treatment to remove or modify the components with
high-fouling potential [17]. Other approaches include development of new membrane
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materials, new design of membrane module, modification of feed flow pattern, and
incorporation of in situ or ex situ cleaning regimes in the membrane unit. A combination of the
various strategies may sometimes be employed in the same process [18].
Many non-steady state models for the description of UF processes in the literature are either
empirical or semi-empirical. Empirical models are more accurate than non-empirical models
but their applicability is restricted by the fact that they are not capable of making predictions
and they always require experimentation before modelling [19].
2. Materials and methods
2.1. Samples used for experiments.
The samples were prepared according to the specifications from sample tested in Tirupur and
Telugupalayam, Tamil Nadu, India [20]. CETP2 2 was chosen to represent CETP and TDU 3
to represent decentralised sample as shown in the following tables:
Table 1: Physico-chemical parameters of Effluents collected from Tirupur.
Parameters

TDU 1

TDU 2

TDU 3

CETP 1

CETP 2

CETP
3

1

Colour

Brownish
black

Dark
green

Brownish
black

Brownish
black

Brownish
black

Deep
black

2

Odour

odourless

Pungent

odourless

pungent

pungent

3
4

Temperature
pH

35
8.3

30
8.8

39
9.0

32
9.6

44
9.7

37
9.3

5
6

TDS (mg/l)
TSS (mg/L)

3894
283

2459
222

3291
527

6801
589

7981
728

9870
896

7
8

Total hardness(mg/l)
BOD(mg/l)

289
98

125
136

302
164

838
346

709
269

957
398

9
10

COD(mg/L)
Total Alkalinity(mg/l)

997
786

1034
990

1124
675

1987
1287

2389
1850

2865
1784

11

Chlorides(mg/l)

1134

1435

1456

2765

2865

2290

12
13

Sulphates(mg/L)
EC(mohs cm)-1

786
8329

889
2276

853
1987

1669
10876

1219
9098

2675
12674

Comparison of simulated samples and real samples’ parameters used for experiments is shown
in tables 2 and 3 below. The first table is for CETP sample and second sample justifies the
sample with comparison with real sample collected from Erode, Tamil nadu, India.
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Table 2: Comparison of parameters
Parameters

CETP2 sample

Colour
Odour
Temperature(0C)
pH
Total solids(mg/L)
Total hardness(CaCO3) (mg/l)
BOD(mg/l)
COD( mg/l)
Total alkalinity
Chlorides (mg/l)
Sulphates(mg/l)

Brownish black
Pungent
44
9.7
8709
709
269
2389
1850
2865
1219

Simulated sample
CETP
Brownish black
Light odour
44
10.53
10 600
709
---------2560
1850
2865
1219

for

Table 3: Comparison of experimental and referral samples
Parameter

Unit

Real effluent

TDU 3 referral sample

pH

9.4

9.0

Colour
TS
Sulphate
BOD

mg/L
mg/l
mg/L

Black
4400
------166

Brownish black
3818
853
164

COD
Chloride
TOC

mg/L
mg/L
mg/L

8320
528
218

1124
1456
--------

2.2. Experimental setups for CETP
2.2.1. Experimental setup for CETP.
The experimental setup which was used for CETP treatment is shown in fig 1 below. Activated
sludge process was omitted and replaced by sand filtration because of low volume which were
being operated upon. Most of large biodegradable materials were removed by sand filtration.
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Fig 1: CETP effluent treatment process drawn using CHEMCAD software.
2.3. Sand filtration
A sand filter which depends on hydrostatic and gravitational force for filtration was used. Its
purpose was just to remove suspended solids. 2 litres was placed to determine the optimum
rates that can be achieved by the filter. Results showed that as long as more 1000ml remained
in the filter, there would be maximum filtration rates at roughly 0.8ml/sec.
The specifications for characterisation of the sand used in the sand filter were
 Pea gravel of height 5cm on top(>7 mm grain size).
 followed by course sand of height 15cm (grain size <5mm but >1mm).
 Fine sand of height 15cm(<0,5mm but >0.1mm)
 pea gravel was placed at the base.
Sieves which were used were of dimensions 0.125mm, 0.6mm, 3.4mm and 1mm.
The classes for granulometry distribution are: Coarse sands: (1–0.50 mm); fine sands: (0.20–
0.10 mm); silt þ clay: (<0.05 mm) Average sands: (0.50–0.20 mm); very fine sands: (0.10–0.05
mm).
2.4. Adsorption
Powdered activated carbon was used for adsorption. It had an iodine number of 180mg/g which
is very low for activated carbon for industrial use. An adsorbent dose of 1.5g of PAC per 800ml
of effluent was used during the experiment. PAC was added and rapidly mixed with the sand
filtrated effluent. The powdered activated carbon was left to settle. Contact time was 1.5hrs
after mixing.
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2.5. Ultrafiltration
An ultrafiltration membrane of Molecular weight cut off (MWCO) of 100kDa, area 0.2m2 and
made of a mixture of poly-sulfone (PS), polyether sulfone (PES) and
polyvinylidene fluoride (PVDF) was used. The set-up of the UF is shown below

Fig 2: UF unit set-up drawn using CHEMCAD software
For ultrafiltration, Pressure drop was (24 -14) psi or (1.63-0.95) kg/cm2
Therefore, TMP was (24+14)/2 = 19psi or 1.336kg/cm2 = 131.03kpa
The permeate flow rate is 2.1ml/sec
The permeate flux is(2.1/(1000000*0.2)) = 1.05 x 10-5m/s
3. RESULTS
3.1. CETP sample experimental treatment
CETP sample was passed through a sand filter, adsorption unit and then membrane unit. The
flow rate through the sand filter was the same for all filtrates. Differences were on adsorption
and ultrafiltration.

424

Fig 3: CETP Ultra-Filtration rate
Table 4: CETP results

CETP
Sand Filtrate
Adsorbate
Retentate
permeate
Overall removal

TS(mg/L)

pH

COD(mg/L
)

Colour
absorbance

10 600
5000
400
800
200
97.15%

10.53
8.44
9.91
5.29
9.38
98.11%

2560
2720
2240
480
160
92.86%

1.857
0.239
0.079
0.089
0.053
97.14%

The table 4 above shows four parameters tested in the laboratory from the raw effluent through
all purification stages up until the final product. The results shows each parameter after passing
through a particular stage. For example, on TS, the CETP had TDS of 10600mg/L. After sand
filtration it was reduced to 5000mg/L. Then adsoption reduced the TS from 5000mg/L to
400mg/L. Then UF reduced TS from 400mg/L to 200mg/L. Therefore the overall removal of
TS by the whole process was 97.15%.
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3. The relationship between flux and TMP for loaded sample.

Flux against TMP loaded sample

3.50E-06

Flux(m/sec)

3.00E-06
2.50E-06

y = 2E-07x - 1E-06
R² = 0.9918

2.00E-06
1.50E-06
1.00E-06
5.00E-07
0.00E+00
0

5

10

15

20

25

30

Pressure(psi)

Fig 4: Flux against TMP for loaded samples.
3.4. DISCUSSION
Sand filtration was effective in removal of colour. Also it is effective in removal of cloths and
other large materials. In CETP sample, it removed 52.83% of TDS and 87.13% of colour. The
colour removal by sand filtration might have been due to complexing with other compounds in
the effluent because of a long time had passed before finally being treated. In a freshly dyed
simulated sample, 36.97% of colour was removed. Sand filtration was used to remove the
active sludge process from the experimental work. So it was used to replace an activated sludge
process.
Adsorption reduced a lot of the COD, TS, colour and conductivity generally. In CETP sample,
adsorption removed 92% of TS, 66.95% of colour and 17.65% of COD. In the freshly dyed
simulated sample, it removed 87.1% of colour and 96.7% of COD. Although use of activated
carbon upset recovery of chemicals, quality of the water recovered is greatly improved. There
was need to optimise time and quantity of activated carbon against quality of treated water.
Use of PAC was very effective in reduction of desired parameters. Its disadvantage was the
requirement to remove suspended activated carbon particles. If not properly removed, the water
would have an undesirable dark colour which is not suitable for reuse in textile material because
it would affect the dyeing process.
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From the results shown below, for 1.5 g of PAC, it requires 1.5 hours to get the results obtained
by 4.5g in roughly 50 minutes. Therefore the mass of activated has an effect on residence time.
Since time is required to allow some activated carbon to settle, 1 hour up to one and half hours
is acceptable.

COD removal by 1.5g
of activated carbon in
800ml of effluent

12000

12000

10000

10000

8000

8000

COD(mg/L)

COD(mg/L)

COD removed by
4.5g of activated
carbon in 800ml

6000
4000
2000

6000
4000
2000

0

0
0

50

100

0

Time (mins)

50

100

Time(mins)

Fig 5: Comparison of COD removal
Ultrafiltration is sensitive to TMP and concentration of the feed. Graphs obtained from
experimental results are shown in fig 6 below.

Fig 6: Comparison of flux of loaded sample and pure water against TMP.
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There was direct proportionality between flux and pressure in loaded sample. For pure water
samples, the flux initially increased with straight line of direct proportionality at the beginning
until it started to level off above 2.5 X 10-6m3/s .
But according to Crowley et al, flux is only a straight line in a given region but becomes linear
before it becomes pressure independent. Factors which affect the length of the straight line
region or the height of the graph are mainly TMP, concentration and filtration rate. If the
maximum flux is low, it quickly reaches the pressure independent zone. There is artificial
changing of flux through use of valves and reduction of flux due to other issues such as
compaction and fouling.
Therefore, the experimental results recovered were obtained within the straight line region
before the system entered into the pressure independent region. Therefore, membrane
compaction in this region is insignificant and the data of the capable separation are very
credible at lower pressures. This also avoids wastage of energy by providing excessive
pressures.
Conclusion


In the CETP sample, colour removal was 97.15%, COD removal was 92.86%, and TDS
was 98.11%. The level and extend of the water purification is very impressive since it
removes almost all of the impurities.



Use of Ultrafiltration as opposed to Reverse osmosis saves a lot of pumping energy.
Activated carbon provides one of the cheapest methods of water purification whereas
Ultrafiltration does not allow any heavy metals or pathogens to pass through. So the
TDS is mainly as a result of the salts used in the textile industry such as NaCl.



This method assures up to 70% water recovery even before sludge treatment. It reduces
burden on sludge treatment.



This method does not use any chemicals directly reduces the amount of sludge for
treatment.



TS of 200mg/L is very good by Indian standards. It can also be applied to Zimbabwean
effluents since the blue range permit type for effluent discharge should be less than
500mg/l and is termed under normal permissible effluent which makes it the cheapest
permit. Green permit for TDS should be below 1500mg/l and for red permit it should
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be below 3000mg/l. COD was at 160mg/l and pH was at 9.38. This makes it one of the
best methods for collective wastewater treatment.


Grouping of different small scale companies to use one effluent treatment plant can also
be cheaper because operation costs would be shared among different companies. Also
it would be easier for regulatory authorities to control effluent discharge to our water
bodies by having designated effluent discharge points.



Membrane technology can play a very significant and crucial role in Zimbabwe in terms
of waste water treatment because it is cheaper and can purify to very high standards
hard to achieve though other conventional methods. It is just being used mainly for
drinking water through RO and other processes are yet to enjoy its benefits
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ABSTRACT
Between 1980 and 2012 more than 3 million Zimbabweans were affected by pellagra resulting
in 100 000 deaths. Recent research has focused on the development of chemicals that might be
used to cure or prevent pellagra especially in developing countries like Zimbabwe. According
to a research from the journal of internal medicine (Carlson L. , 2005), nicotinic acid is one of
the major drugs used to prevent and treat pellagra (niacin deficiency). Nicotinic acid or Niacin
is involved in both DNA repair and the production of steroid hormones in the adrenal gland.
This project focuses on the design of a plant that produces 10 ton per day nicotinic acid using
nicotine obtained from tobacco waste. The design process has four main stages which include
the extraction stage, oxidation, purification and crystallization stage. By following this
particular reaction path, the process avoids the more classic method of preparation by which
nicotine is oxidized with potassium dichromate, a reaction with considerably more toxic
reactants and waste (Gerson, May 2008). The entire system provides a green process producing
nicotinic acid in relatively high purity, around 97.7%.
Key Words: Nicotinic acid (niacin), Vitamin B3, Tobacco waste, Nicotine, Pellagra
1. INTRODUCTION
1.1 Background of study
Nicotinic acid (also known as vitamin B3 or niacin) is an organic compound with
the formula C6H5NO2 and is one of the 20 to 80 essential human nutrients. This white, watersoluble solid is a derivative of pyridine, with a carboxyl group (COOH) at the 3-position.
Nicotinic acid or Niacin is involved in both DNA repair and the production of steroid
hormones in the adrenal gland. (Kumar & Babu , 2008)
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Nicotinic acid or niacin has received very considerable attention because of its prominence in
the vitamin field. The production of this chemical compound has been the subject of intensive
research which has led to the development of several chemical processes centering chiefly
around the oxidation of nicotine, quinoline or beta-picoline by strong chemical oxidants like
sulfuric and nitric acids, potassium permanganate and chromic acid. The current large scale
production of nicotinic acid in the world relies principally on quinoline and beta picoline
derived from coal tar but the process is more expensive as compared to proposed method
(Chuck, 2013).
The object of this project is to examine the possibility of producing nicotinic acid from tobacco
waste. This possibility is of significant importance in countries like Zimbabwe with low
standards of nutrition and where nicotinic acid is imported utilizing scarce foreign currency
resources and yet where an apparent raw material for the vitamin is not used.
Nicotinic acid, also called niacin, is a B vitamin (vitamin B3) used in vitamin supplements and
in combination with prescription drugs. It is most often used to prevent cardiovascular diseases.
Some people take nicotinic acid to treat vitamin deficiency, but most people take it to help
lower cholesterol and triglycerides in the blood. Nicotinic acid works best when combined with
a low-cholesterol, low-fat diet. Nicotinic acid or niacin is used to treat a lack of natural niacin
in the body, to lower the risk of heart attack in people with high cholesterol who have already
had a heart attack, and to treat coronary artery disease. Nicotinic acid is sold by prescription
and over-the-counter (OTC). It has not been approved for children under age one.
Between 1980 and 2012 more than 3 million Zimbabweans were affected by pellagra with more
than 100 000 deaths. As a result, recent research has focused on the development of chemicals
that might be used to cure or prevent pellagra especially in developing countries like
Zimbabwe. According to a research from the journal of internal medicine (Carlson L. A., 2005),
nicotinic acid (niacin, vitamin B3) is one of the major drugs used to prevent and treat pellagra
(niacin deficiency).
1.2 Justification
Large quantities of tobacco waste are produced during the tobacco manufacturing process every
year. Its main characteristics are the high content of nicotine (average 1.8% w/w) as the main
toxic compound and the powdery structure that does not permit recycling. Nicotine is soluble
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in water and can be easily transported into ground water. Because nicotine is harmful to human
health if taken in excess (nicotine content above 0.05%w/w) and can also pollute ground water
after being leached from tobacco waste, extracting nicotine from the tobacco waste reduces
environmental pollution. Tobacco waste can be viewed as a potential resource since the
extracted nicotine is further used for the production of nicotinic acid, a pharmaceutical product.
Due to increasing campaigns against tobacco smoking worldwide, many countries are aiming
to reducing tobacco smoking and also reducing industrial production of cigars, but on the other
hand this will be a big blow to countries which mainly relay on agriculture and also a
disadvantage to tobacco farmers in Zimbabwe if the demand for tobacco is reduced. Hence to
overcome this problem and also to promote local farmers, the idea is to consider different
alternative uses of tobacco.
2. OBJECTIVES
The aim of this project is to provide a process that enables production of the highest quality
nicotinic acid (98%) which can be used for pharmaceutical uses as a pellagra-preventive factor,
lipid lowering drug. This project proposes a plant in which nicotinic acid can be produced with
an environmentally green process.
2.1 Dietary needs
One recommended daily allowance of niacin is 2–12 mg/day for children, 14 mg/day for
women, 16 mg/day for men, and 18 mg/day for pregnant or breast-feeding women. Tolerable
upper intake levels (UL) for adult men and women is considered to be 35 mg/day by the Dietary
Reference Intake system to avoid flushing. (Kohl, 2008)
Vitamin B3 is essential for optimum health and maximum productivity of all animals.
Numerous experiments have shown that although feedstuffs contain vitamin B3, much of the
ingested vitamin B3 is bound in a polysaccharide complex, and thus unavailable to the animal.
There are also differences in the utilization of naturally occurring nicotinic acid between
individual animal species and between various age groups.
Modern, intensive animal production calls for supplementing feedstuffs with nicotinic acid to
make up for the variations in the availability from natural feed sources.
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Supplementing nicotinic acid in the diets fed to animals will prevent conditions associated with
vitamin B3 deficiency which result from the reduced activity of the coenzymes NAD and
NADP.
Proper nicotinic acid supplementation rates will:


Maximize weight gain



Optimize feed intake and feed efficiency



Ensure proper utilization of other nutrients



Support general health and well-being

Vitamin B3 deficiency reduces the activity of the coenzymes NAD and NADP, affecting
numerous metabolic processes and in turn causes other secondary metabolic disorders.
Commercial problems commonly reported with vitamin B3 (nicotinic acid) deficiency are:


Reduced weight



Decreased feed intake



Reduced feed efficiency



Impaired utilization of other nutrients

To achieve peak performance and to maintain good health, all domestic animals depend on a
supplemental dietary source of vitamin B3 to meet their requirements.
The project has the specific purpose of the increased involvement in a special cooking
technique called nixtamalization which increases the bioavailability of nicotinic acid during
maize meal/flour production while providing the highest quality nicotinic acid (percentage
purity of 98%) which can be used for pharmaceutical uses as a pellagra-preventive factor, lipid
lowering drug.
3. RESEARCH METHODOLOGY
The research was based on observations made on companies like Tobacco Processors of
Zimbabwe and Tobacco Sales Floor which produce a lot of waste tobacco during tobacco
handling. The researchers carried out three experiments and which helped greatly in the design
of process equipment.
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The moisture content of tobacco waste was determined for later use in the sizing of the required
dryer. The water content is the ratio, expressed as a percentage, of the mass of “pore” or “free”
water in a given mass of tobacco waste to the mass of the dry solids.
A sieve analysis was also carried out to determine the particle size distribution of the tobacco
waste.
Procedure for the extraction of nicotine from tobacco waste using hydrated lime as a solvent is
as follows:


A known amount of tobacco waste (300 g) was weighed in a beaker



300 g of hydrated lime was added and the solution stirred for 15 minutes



The mixture was left to react in darkness (cupboard o about 10 hours



After 10 hours filter off the liquid was filtered off and tested for the presence of
nicotine using Bromothymol pH indicator

The reagents used are


x 50 ml of 0.1 N HCl (hydrochloric acid) solutions, henceforth referred to as ‘titrant’



1 x 50 ml Bromothymol Blue indicator solution, henceforth referred to as ‘indicator’.
Note: the pure indicator solution is amber to red in color. This is normal.



1 x 50 ml of 0.1 N NaOH (sodium hydroxide) solution, henceforth referred to as
‘reference solution’ In addition (not included in the kit):

Quick outline of method
Nicotine is chemically known as an alkali or base (syn.). When indicator solution is added to
the base, the indicator turns blue. When titrant solution is gradually added to the nicotine
sample plus indicator, the base gradually reacts away until none is left and the indictor then
changes to yellow. This colour change is known as the end point. The nicotine was contained
in the sample can be determined from the amount of titrant solution used to reach end point for
a given sample of nicotine.


Using a syringe, 2 ml of nicotine refill solution was drawn and carefully transferred into
a drinking glass.



About 10 to 15 ml of deionised water was added to the glass (the amount is not critical)
and stirred.
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The glass was placed on a piece of white paper to allow better observing the colour,
and thus the end point, of the solution.



Using the dropper bottle of indicator, 1 to 3 drops of indicator was added and stirred
carefully (avoid splattering).



4 or 5 ml of titrant solution (0.1 M HCI) was sucked into the syringe with needle and
the starting volume noted.



Small amounts (2 to 4 drops) of titrant solution were added slowly from the syringe to
the glass containing the nicotine refill and indicator sample solution, stirring carefully
after each addition. Progress was observed as the added drops of titrant solution caused
greenish areas to form, which as the test progressed took longer and longer to disappear.



Finally a colour change from blue/green to yellow was observed when the end point
was reached.



The presence of nicotinic acid was determined using a test kit

Background of the experiment
Nicotinic acid or niacin plays a vital role in the oxidation – reduction reactions that occur during
metabolic synthesis in organisms. The test system is based on the formation of cyanogen
chloride by the reaction of chloramine-T and potassium thiocyanate in the presence of citric
acid. Rupture of the pyridine ring of niacin by cyanogen chloride yields gamma-carboxy
glutaconic aldehyde and coupling with a primary aromatic amine produces a yellow color.
Principle
Nicotinic acid functions as a precursor in the biosynthesis of coenzymes. Paper strips
impregnated with potassium thiocyanate and chloramine T will release cyanogen chloride
which in turn reacts with para-aminosalicylic acid to produce a yellow color in the presence of
nicotine.
Procedure


Using a pipette 5ml of the solution was withdrawn and 10 ml of sterile distilled water
added to the sample.



The tubes were placed horizontally so the fluid covers the entire surface of the medium
and left for at least 30 minutes.
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The slants were then turned upright for 5 minutes to let fluid to drain to the bottom.



A clean screw-cap tube for the sample tube was prepared and marked with the
laboratory register number.



0.5 ml of fluid was removed and transferred to the clean screw-cap tube.



The strip was inserted with the identification end at the top.



The tube was closed immediately and left at room temperature for 15–20 minutes, and
agitated the tube occasionally.



Observe the colour of the liquid in the bottom of the tube against a white background.

3.1: EXPERIMENTAL RESULTS AND ANALYSIS
3.1.0 Results for determining the moisture content of tobacco waste
Table 3-1: moisture content results
Type of material Sample #

Tobacco waste

Time interval Sample dish Moisture
(min)
contents
content (%)
Weight
(grams)
Sample 1( before 12
3.0
10.41
drying)
Sample 2 (after 10
3.0
6.72
first drying )
Sample 3 (after 8.5
3.0
1.74
final drying)

Analysis of results
Moisture content is the amount of water in the waste tobacco. The samples are taken from the
oven and being analyzed for the moisture level until the required moisture level (1.74%) is
reached. A moisture content of 1.74% is the most suitable water level required by every tobacco
crusher since this reduces dust formation while minimizing amount of particles sticking to the
crusher walls and it also reduces energy requirements of the designed crusher.
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3.1.1 Results for crushing and sieving of tobacco waste
The pulverizer reduced the tobacco to 60 microns and particle size distribution is shown from
the sieve results below.
Sample weight = 2000 grams = 2 kg
Table 3-2; sieve analysis results
Sieve number

Sieve sizes

Mass

% retained

retained
Openings

per Mm or μm

Cumulative

Cumulative

% retained

% passing

gm

%

%

%

linear inch
4

4.75

9

0.9

0.9

99.1

8

2.36

44

4.4

5.3

94.7

16

1.18

163

16.3

21.6

78.4

30

600 μm

191

19.1

40.7

59.3

50

300 μm

468

46.8

87.5

12.5

100

150 μm

101

10.1

97.6

2.4

Pan

Pan

24

24

100

0

Cumulative Percentage Retained up to particle size 150μm = 253.6
Analysis of results
The Fineness Modulus is a measurement of the coarseness or fineness of a given aggregate, the
higher the FM the coarser the aggregate. The preferred value of FM is between 2.3 and 3.1 so,
we can conclude that the tobacco waste sample is a good fine aggregate as the fineness modulus
of this sample is in between the given range of a good fine aggregate.
3.1.2 Results for extraction of nicotine from tobacco waste using hydrated lime as a
solvent
After 10 hours in dark cupboard a dark brown liquid was produced which confirmed dissolution
of nicotine. After filtration dark brown solids are produced as residue and a brown liquid was
produced as filtrate.
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3.1.3 Results for testing the presence of nicotine using Bromothymol blue
Note:
The final volume in the titrant solution left in the syringe and subtract it from the starting
volume, to obtain the volume of titrant used to reach end point and call this V (ml).

Figure 3-1: color changes during nicotine test.
Final syringe reading/ ml 2.1
Initial syringe reading/ ml 5.00
Volume of HCI used/ ml
2.9
Average volume of 0.1 HCL used

2.4
5.00
2.6

2.3
5.00
2.7

=

2.9 + 2.6 + 2.7

=

8.20 divide by 3

=

2.73 ml

Each 1 ml of 0.1N Hydrochloric Acid used during titration will neutralize approximately
16.2mg of nicotine. To find the total amount of nicotine present in your sample, multiply the
amount of acid used by 16.223.
Divide the total amount of nicotine from above by the sample size to determine the nicotine
concentration in mg/ml. If starting with a 1ml sample of solution, divide total amount of
nicotine

by

1.

If

starting

with

a

2ml

sample

If starting with a 3ml sample of solution, divide by 3
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of

solution,

divide

by

2.

Example:
A

2ml

sample

of

nicotine

solution

was

added

to

the

mixing

cup.

During titration, 2.73 ml of 0.1M HCI acid was used to reach the yellow endpoint.
Multiply 2.73 ml by 16.223, this gives us a total nicotine content of 44.29 (rounded)
Dividing 44.29 by the 2ml starting sample size gives us a final test result of 22.15mg/ml
(rounded)
Starting sample size

=

2 ml nicotine

Volume of HCL used

=

2.73 ml

Concentration of nicotine =

2.73 ml x 16.223

=

44.29 ÷ 2ml

=

22.15 mg/ml

Analysis of results
A color change from blue to greenish-yellow confirmed the presence of nicotine in the solution.
3.1.4 Results and interpretation for testing the presence of nicotinic acid using a test kit
The test is negative if no colour develops and positive if a yellow colour appears. Ignore any
colour on the strip itself.
Analysis of results
A yellow colour was observed on the strip which confirmed that nicotinic cid was produced
from the oxidation reaction.
Determining Nicotinic acid Concentration
Concentration of nitric acid

=

0.2M

No of moles of nitric acid

=

concentration × volume
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10𝑚𝑙

=

0.2M ×

=

0.002 moles

7𝐶10 𝐻14 𝑁2 + 2𝐻𝑁𝑂3

1000

3𝐶6 𝐻5 𝑁𝑂2 + 13 𝐶4 𝐻8 𝑁 + 𝐻2 𝑂

The ratio between nitric acid and nicotinic acid is 7:2 and assuming volumes to be additive:
No of moles of nicotinic acid

Total volume

Concentration of nicotinic acid

=

0.002

=

0.003 moles

=

30ml + 10ml

=

40ml

=

0.04

=

2

×3

no of moles
total volume

=

0.003

=

0.75mol/dm3

0.040

4: PROCESS DESIGN
4.1 Process description
The production of nicotinic acid is divided into four phases: extraction phase, oxidation phase,
purification phase and crystallization phase. Several different treatments can be applied along
the production line to modify and influence the processing of nicotinic acid. With treatments
that are used depend on the requirements on the product and its desired quality (Heveling ,
1998).
Extraction stage: The tobacco waste from different sources is reduced in size by crushing
using a tobacco stem crusher. After tobacco crushing the fine powder is mixed with hydrated
lime for the extraction of nicotine which is a secondary raw material for the production of
nicotinic acid. The raw juice from the mixing tank is allowed to settle and then filtered to
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remove the remaining solid materials. The juice is further evaporated to remove excess water
and to separate the nicotine from any impurities available.
Oxidation phase: Pure nicotine from the filtration stage is reacted with nitric acid in a CSTR
with a reaction ratio of one mole of nicotine to nine moles of nitric acid with a residence time
of 8 hours and reaction temperature of 120oC. The reaction has a maximum percentage yield
of 98%, which means the plant will be capable of producing 10 tonnes per day of nicotinic
acid. During oxidation of nicotine a series of vapors are produced which are further condensed
and then recycled back for regeneration of nitric acid.
Purification stage: The nicotinic acid produced from the oxidation phase contains some
impurities which consist mainly of water and gases. These impurities need to be removed
before the nicotinic acid is stored as a final product. A distillation column is used for separating
any impure product with a different boiling point to that of nicotinic acid. The pyrrole removed
during distillation is further used for several commercial purposes like in the manufacturing of
dyes, in agrochemicals, perfumes and as a catalyst in polymerization.
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Figure 4-2: Block flow diagram for nicotinic acid production
5: CONCLUSIONS AND RECOMMENDATIONS
5.0 Conclusions
Overall, the base-case design for the production of nicotinic acid manufacturing was
established. The entire system provides a green process for producing nicotinic acid in
relatively high purity, around 97.7%. After analyzing the base-case design and economic
analysis of this process, it has been found that this venture will be profitable within 2.1 years,
with an ROI of 56.9% after the second year. The NPV after 10 years is $3,83 million.
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It can be concluded that it is viable to produce 10t/day of nicotinic acid (vitamin B 3) using
nicotine obtained from tobacco waste.
5.1 Recommendations
More resources are required to further the research in this field of micro-nutrient
supplementation. Better equipped laboratories would assist in doing experiments for oxidation
of nicotine with nitric acid reactions. There is need for simulation of this process to check for
over sighted problems that might arise during the operation of this process.
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ABSTRACT
Thirty one long staple cotton genotypes comprising of two commercial varieties and twenty
nine experimental lines were evaluated for field performance and fibre quality. The evaluation
was done across six sites that represent the diverse agro-ecological regions of Zimbabwe. The
trials were laid out in an alpha-lattice design. Analysis of variance (ANOVA) was done for field
parameters namely total seed cotton yield (TSC), lint yield, Gin outturn percentage (GOT%),
boll weight and earliness (EI%). Fibre parameters namely staple length, length uniformity, fibre
strength, micronaire and fibre elongation were also measured. Significant differences (p<0.05)
were observed in all field parameters and in staple length. Genotypes CY-95-3, 7107-01-1,
7106-01-1, 7118-01-3, TN-94-4, 99-05-6, GM96(b)-05-22, LV96-05-18, 925-05-5, LV96-0521,and 919-05-4 were competitive against the commercial varieties. All measured fibre quality
parameters were within the ranges of the acceptable standards except elongation which was
lower than that desired on the global market. CRI still remains an ideal site for long staple
population development despite constant annual weather variability.
Key Words: Cotton varieties, environment, field traits, fibre traits.
1. INTRODUCTION
Cotton (Gossypium hirsutum L.) has global importance in the fiber industry (Campbell and
Jones 2005). Fiber quality and lint yield are complex traits and negatively affected by genotype
x environment interaction (GE) (Rahman et al., 2005; Karademir et al., 2011,). Cultivation of
cotton is mainly restricted to drier regions in Zimbabwe due to its deep rooting ability (Kloth
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et al., 1998; Mubvekeri et al., 2012). Recently cotton production in Zimbabwe has expanded
in new areas which are now receiving little rainfall than before due to climatic change. This
poses new breeding challenges in selection of the best genotypes for all cotton production
environments in Zimbabwe. The country is divided into five major-agro-ecological regions
with diverse physical conditions (Nyamapfene, 1991).
The temporal and spatial variations in biotic stresses, temperature, rainfall, and soil
characteristics influence lint (fibre) yield and quality (Meredith et al., 2012). This results in
differential performance of genotypes across locations, a phenomenon known as crossover GE
(Finlay et al., 1963). An appropriate stable variety is capable of utilizing resources that are
available in high potential environments, while maintaining above average yield in all other
environments, a phenomenon known as the dynamic concept of stability (Yan et al., 2002).
Quantification and visualization of GE is important in variety development (Yan et al., 2002).
The use of cluster analysis (Bernardo et al., 2002) and biplots has allowed visualization of the
GE pattern in a graphical two-way data set (Yan et al., 2006). Approaches such as the additive
main effect and multiplicative interaction biplot (Gauch et al., 2013) and the genotype main
effect plus GE (GGE) biplot (Yan et al., 2001) have been widely used. However, it is no
exception that the two approaches have their computational and mathematical limitations
(Gauch, 2013). The GE two-way data can be subjected to different ways of singular value
partitioning (SVP). The biplot model that is fitted to residuals after the removal of the
environmental main effect (environment centred biplot) is called a GGE biplot or site
regression (SREG) biplot (Crossa et al., 2002). A GGE biplot generated based on the SREG
model has proven to be useful in grouping similar environments, identifying ideal testing sites,
understanding the correlation of traits with either locations or genotypes and in identifying
stable genotypes with high yield (Yan et al., 2006). In Zimbabwe applications of this technique
has been reported in maize (Kamutando et al., 2013) but not yet extended to other crops
including cotton.
The objectives of the study were to: 1) determine the importance and magnitude of GE and
correlation among cotton traits and their implications in future cotton breeding and variety
recommendation, 2) re-group the cotton production locations and identify informative testing
locations for future cotton breeding, and 3) identify stable and high yielding cotton genotypes
for commercial release.
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2. METHODOLOGY
2.1 Cotton germplasm and evaluation locations
Five experimental (SZ 95-23, 280-94-10, 644-98-01, 648-98-11, and SZ 95-7) and five
commercial (SZ 9314, CRI MS1, CRI MS2, LS 9219, and QM 301) cotton genotypes were
evaluated at seven locations during the 2012/13 and 2013/14 cropping years (Table 1).
2.2 Experimental design and crop management
The land was ploughed and disc harrowed to a fine tilth at all locations. The cotton genotypes
were hand planted in furrows at a rate of 3-5 seeds per station following a randomized complete
block design with three replications at all locations for two years. Replications were the
blocking factor. Plots consisted of 5 rows of 6 m length with an inter-row and in-row spacing
of 1 m and 0.3 m respectively. Compound L fertilizer (N: P2O5: K2O: S ratio = 5: 18: 10: 8 and
0.25% boron) was manually banded in the planting furrows at a rate of 250 kg ha-1. At three
weeks after planting, the crop was thinned to one plant per station to achieve a recommended
plant population of 33 333 plants ha-1. Top dressing with ammonium nitrate fertilizer (34.5%
N) was done at a rate of 150 kg ha-1 at nine weeks after crop emergence. Pests were kept below
the economic thresholds levels using the recommended cotton pest scouting and control
protocol (Mubvekeri et al., 2012). Weeding was done three times across all locations using oxdrawn cultivators followed by hand hoeing
Table 1: Description of the cotton testing locations in Zimbabwe
*Location
Location
Natural Altitude Average Temperature
Code
name
region
(masl)
rainfall
range (oC)
(mm)

Soil type

SMV

Shamva

IIa

1 149

750-1000

15-28

Basaltic, loamy

WOZ

Wozhele

IIb

1 245

750-1000

15-30

Alluvial

CRI

Kadoma

IIb

1 156

750-800

15-35

Red clay loamy

KUW

Kuwirirana

III

996

650-800

18-35

Sand loamy

CHT

Chitekete

IV

914

650-800

20-40

Black vertisols

MUZ

Muzarabani

V

600

<500

20-40

Alluvial Clay

CHS

Chisumbanje

V

406

<500

20-40

Black alluvial
vertisols
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*In the subsequent work, environments 1-7 and 8-14 refers to evaluations done at these
locations in descending order during the 2012/13 (first year) and 2013/14 (second year),
respectively.
2.3 Data collection
Data was collected on boll weight (g 100 bolls -1), seed cotton yield (t ha-1), earliness index,
gin out turn ratio, seed weight (g 100 seeds -1) and lint yield (t ha-1). Split boll weight was
obtained by weighing a total of 100 split bolls randomly picked from a plot. Total seed cotton
yield was obtained by weighing and summing up all the picks (harvests) done at different times
of crop phenology in kg plot -1 and then converted to t ha-1. Earliness index was determined by
calculating the ratio of early harvest (the first pick) to the total yield harvested at the end of the
picking period. Gin out turn ratio (also called lint ratio or lint index) was calculated as the
percentage of fiber produced from a seed cotton sample after ginning a total of 100 split bolls.
Lint yield was obtained by multiplying the total cotton yield by the gin out turn ratio of the
respective plot in kg and then converted to t ha-1.
2.4 Data analysis
G x L x Y analysis of variance was performed on cotton split boll weight, seed cotton yield,
earliness index, gin out turn ratio, seed size, lint yield and fuzz grade using a mixed model with
genotypes and locations fixed while years were random in Genstat software version 13.
Variance components attributed to locations (δ2l), years (δ2y), locations x years (δ2ly),
genotypes (δ2g), genotypes x location (δ2gl), genotypes x years (δ2gy), genotypes x locations x
years (δ2gly) and random error (δ2e) were estimated as well (Macintosh, 1983). Variance
components due to environments and genotype x environment were estimated by summing δ2l,
δ2y and δ2ly; and δ2gl, δ2gy and δ2gly respectively. The broad sense heritability based on fixed
genotypes on a single plot basis, single environment basis and across environments basis were
estimated. Pearson’s phenotypic correlation analysis was done using Genstat software version
13 (Genstat, 2010) on all traits measured.
In order to determine the number of principal components to retain during GGE biplot analyses,
a post-dictive evaluation was done for model fitting using Gollob’s (1968) F-test (Dias et al.,
2003). Gollob’s F-test showed that the two principal components of the biplot were significant
and thus could explain much of the variation (at least 64%) in the two-way data. Therefore, a
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GGE-2 (SREG-2) biplot analysis (Yan et al., 2006) was done using Genstat Software version
13. The GGE biplot model was described by Yan and Hunt (2001) and Yan (2002) was
followed. Based on this model, the results of all biplots presented in this work are mainly
environment centered.
Grand means of all traits across environments were gathered to make a two-way table of
genotypes x traits means. The genotypes means across environments data were standardized
by dividing each trait mean value with the within trait standard deviation, as outlined by Yan
and Tinker (2006). Standardization removed the different units among different traits (Yan,
2002). The resultant data were subjected to the scatter biplot analyses using the symmetric
focused SVP method and was trait-centered. The sectors that grouped specific genotypes and
traits were generated.
The existence of the crossover interactions was checked using the Gail-Simon test (Barker,
1988). In order to determine the best genotypes in each location, genotype comparison biplot,
location comparison biplot and the location x trait biplot were generated using the appropriate
SVP methods (Yan, 2002). Biplots for seed cotton yield and lint yield were generated
separately. In the scatter biplot, the polygon view displaying the which-won-where pattern was
formed by connecting the genotype markers furthest away from the biplot origin such that the
polygon contained all other genotypes (Yan, 2002). The polygon was then dissected by sectors
running from the biplot origin such that each sector encloses certain environments and
genotypes. Visualization of the mean and stability of genotypes using a genotype comparison
biplot was achieved by drawing an average genotype coordinate that is represented by a small
circle. A line that passes through the biplot origin and the average genotype coordinate was
drawn followed by a perpendicular line. For the analyses of test location, an average location
coordinate was drawn as represented by a small circle. A line that passes through the biplot
origin and the average location coordinate was drawn followed by a perpendicular line.
3. RESULTS
3.1 Combined analysis of variance across years and locations and variance components
Environments had highly significant differences (P<0.001) for all traits measured. Years were
also significant (P<0.05) for all traits except for seed cotton and lint yield as shown on Table
2. Locations x years were significant (P<0.01) for all traits. Genotypes were significantly
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different (P<0.05) for all traits except seed cotton yield and earliness index. The GE was
significant (P<0.05) for other traits either as genotypes x locations, genotypes x years or
genotypes x locations x years interactions but non-significant for earliness index.

Table 2: Mean square values and their significance for cotton fiber yield and related traits
Split
boll
Source
of Degrees of weight
variation
freedom
(g)
2.3834
Locations
6
7***
4192.3
Years
1
23***
2.3782
Locations x Years 6
2***
Locations x Years
0.0828
(Replications)
28
8*
0.6746
Genotypes
9
4***
Genotypes
x
0.0513
Locations
54
7NS
Genotypes
x
0.6737
Years
9
8***
Genotypes
x
0.0514
Locations x Years 54
1NS
0.0535
Residual
252
5

Seed
cotton
yield
(t ha-1)
761439
0***
41241N
156433
88***
315637
***
233972

Earlin
ess
index
(%)
7712.5
2***
15302.
79***
9484.1
3***
37.44*
*
33.39N

NS

S

234603
**
336857
**
213614
**

13.41N

133918

19.8

S

S

29.9NS
14.33N
S

Gin
out
turn
ratio
(%)
162.1
27***
24.26
6*
56.54
1***
3.924
**
17.18
4***
3.014
*
3.051
3.468
**

100
seed
weight
(g)
26.637
2***
131.04
808NS 09***
30351 46.283
50*** 2***
58140 0.1674
NS
***
57255 3.6886
*
***
44747 0.2954
**
**
66770 0.9318
**
***
39620 0.2892
*
*

2.017

25410

NS

Lint
yield
(t ha-1)
12575
66***

0.1853

Fuzz
grade
0.1650
8NS
78.866
67***
0.4222
2**
0.1023
8NS
0.1312
2*
0.0954
1*
0.2158
7**
0.1109
3**
0.0679
9

NS – Not significant at 5% level,
Environments had highest contribution to the variation observed and GE also contributed to
the variation observed on all the traits measured (Table 3). The GE to genotype variance
component ratio was large for all traits studied. This ratio was much larger for lint yield (13
times) and seed cotton yield (Maleia et al., 2010) than for the rest of the traits studied (Table
3).
The genotypic mean values for all traits are shown in Table 4. The heritability values for all
traits were low based on individual plot analysis but increased based on environment means
across locations (Table 3). The Pearson phenotypic correlation analysis showed positive
correlation between lint and seed cotton yield (r = 0.95, P < 0.001) while the split boll weight
was positively correlated with 100 seed size (r = 0.82, P < 0.004). The relationship between
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these traits was further supported in the genotype x trait biplot analysis as shown on Figure 1
below.
Table 3: Variance components and percentage (in brackets) contribution to total variance
for seed cotton yield and related traits
Gin
Split
Seed
Earlin out
100
boll
cotton
ess
turn
Lint
seed
weight yield
Index ratio
Yield
weight
Fuzz
Source of variation (g)
(t ha-1)
(%)
(%)
(t ha-1)
(g)
grade
0.04
121645. 127.92 2.64
19990.4 0.44
0.001
Locations
(0.2)
88 (14.5) (23.8) (34.0) 3 (12.6) (14.9)
(0.2)
19.96
72.69 0.10
0.62
0.375
Years
(98.9)
0 (0)
(13.5) (1.2)
0 (0)
(21.1)
(77.2)
0.08
510925. 314.89 1.75
99233.6 1.54
0.011
Locations x Years
(0.4)
03 (60.8) (58.5) (22.6) 7 (62.6) (52.0)
(2.2)
0.01
2382.24 0.32
0.36
758.21
0.08
0.002
Genotypes
(0.1)
(0.3)
(0.06) (4.7)
(0.5)
(2.8)
(0.3)
Genotypes
x
16780.8
0.17
3222.83 0.02
0.005
Locations
0 (0)
3 (2.0)
0 (0)
(2.1)
(2.0)
(0.6)
(0.9)
0.03
9663.76 0.48
0.05
1969.52 0.04
0.007
Genotypes x Years
(0.1)
(1.2)
(0.09) (0.6)
(1.2)
(1.2)
(1.5)
Locations x Years x
26565.3
0.48
4736.67 0.03
0.014
Genotypes
0 (0)
3 (3.2)
0
(6.2)
(3.0)
(1.2)
(2.9)
0.05
133918. 19.8
2.02
25410.0 0.19
0.068
Residual
(0.3)
00 (15.9) (3.7)
(26.0) 0 (16.0) (6.3)
(14.0)
119224.
20.08
632570. 515.5 4.49
10
2.60
0.387
Environments
(99.5)
92 (75.3) (95.8) (57.9) (75.2)
(87.9)
(79.6)
Genotype
x 0.03
53009.9 0.48
0.70
9929.02 0.09
0.026
Environment (GE)
(0.1)
3 (6.3)
(0.09) (9.0)
(6.3)
(3.0)
(5.3)
GE/G
2
22.25
1.49
1.94
13.1
1.06
17.22
Based on single
environments means 23.79
2.38
4.37
20.84 3.96
35.69
3.00
Based on across
environments means 47.97
16.21
31.25 73.39 24.1
75.35
18.09
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Table 4: The main effects of the genotypes and locations for cotton fiber yield and
related traits
Earlin
Fuz
Genotype Split bol Seed cotton
ess
Gin
Lint
100 seed
z
name
weight
yield Index out turn
Yield
weight gra
-1
-1
(g)
(t ha )
(%)
(%) (t ha )
(g)
de
644-98-11
3.014
1929 92.09
42.55
822
11.48 5.5
SZ-95-7
3.127
2038 91.45
42.86
877
11.68 5.6
280-94-10
3.075
1986 91.76
42.4
846
11.26 5.6
SZ-95-23
3.268
2042 90.05
42.08
860
11.88 5.6
CRI-MS-1
3.255
1962 91.56
41.9
827
12.07 5.6
CRI-MS-2
2.935
1980 90.39
42.54
842
11.27 5.4
SZ 9314
3.319
2015 90.32
42.42
855
11.72 5.5
QM 301
3.271
1899 89.67
42.99
816
11.87 5.5
LS 9219
3.238
1842 91.07
40.76
753
12.08 5.5
648-01-4
3.155
1837 89.68
42.71
786
11.58 5.5
LSD (5%)
0.099
0.61
69
0.19 0.1
0.0
F-probability
<.001
0.079 0.093
<.001
0.01
<.001
4
CV
7.31
18.74
4.9
3.36
19.2
3.68 4.7
Earlin Gin out
Fuz
Split boll Seed cotton
ess turn
Lint
100 seed
z
Location
weight
yield Index
ratio
Yield
weight gra
-1
-1
name
(g)
(t ha )
(%)
(%) (tha )
(g)
de
Chisumbanje
3.023
1960 90.32
40.9
819
11.99 5.6
Chitekete
2.95
1942 93.06
41.25
800
11 5.6
Kadoma
3.394
1427
100
43.65
625
12.97 5.4
Kuwirirana
3.135
1954
100
45.27
885
11.03 5.5
Muzarabani
2.955
2460 82.48
40.88
1007
11.72 5.4
Wozhele
3.403
2302
100
42.62
987
11.55 5.5
0.0
LSD (5%)
0.083
186.1
1.6
0.51
81.
0.219
9
0.0
F-probability
<.001
<.001 <.001
<.001 <.001
<.001
2
CV
7.31
18.74
4.9
3.36
19.25
3.68 4.7
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Total - 83.72%
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QM-301
SZ-9314
SZ-95-23

0.0

100 seed weight

Lint yield
SZ-95-7
Cotton seed yield

648-01-4
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CRI-MS-1

280-94-10
Earliness index644-98-11

CRI-MS-2

-0.5

LS-9219
-1.0

-1.0

-0.5

0.0

0.5

1.0

PC1 - 66.75%

Figure 1: Genotype x trait biplot showing cotton genotypes with a given set of traits. Data
were standardized with the within-trait standard deviation.
3.2 Mega-environment delineation and genotype performance evaluation
The Simon–Gail test (Barker, 1988) showed significant crossover GE interactions. The whichwon-where pattern showed that different genotypes were winning in different environments
and the pattern was similar for both seed cotton yield and lint yield (Fig 2). The biplot was
produced based on symmetric focused SVP, no scaling, no transformation and the data were
environment centered.
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QM-301

CRI-MS-1

9
LS-9219
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-30
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10
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20

30

40

Figure 2: The which-won-where and mega-environment delineation biplot for the 10 cotton
genotypes evaluated in five locations for two years for seed cotton yield.
A polygon was formed by joining genotypes that were furthest from the biplot origin. The
genotypes that were on the vertices of the polygon include 644-98-11, CRI-MS-2, SZ-9314,
QM-301, LS-9219, and CRI-MS-1 as shown on Fig 3 below:
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Figure 3: The which-won-where and mega-environment delineation biplot for the 10 cotton
genotypes evaluated in five locations for two years for lint yield.
The genotype comparison biplots based on seed cotton yield and lint yield produced a similar
pattern of genotype ranking based on mean yield and stability of these two traits. Genotypes
that include SZ 95-23, CRI MS1, CRI MS2, and SZ 9314 were found above the average
genotype coordinate ordinate while the rest were below the line (Figure 4). However, the
comparison biplots showed that genotype CRI-MS-2 was found closer to the average genotype
coordinate, followed by SZ-95-23 and SZ-9314, for both seed cotton and lint yield (Figure 4).
3.3 Site performance evaluation
The seed cotton yield biplot showed Chisumbanje Research Station in the south East Lowveld
was closest to the average location coordinate for both seed cotton and lint yield (Figures 5).
Kadoma Research Station and Wozhele Farm, both in Mashonaland West came second for seed
cotton and lint yield respectively.
The biplot (Fig 6) was produced based location focused SVP, no scaling, no transformation and
the data were location centered. To avoid congesting the graph, the genotypes are numbered 1459

10 while locations are shown by their codes. Kuwirirana, Wozhele and Chitekete were
positively correlated (Fig 7).
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Figure 4: A genotype comparison biplot showing the best cotton genotypes based on seed
cotton mean performance and stability across 14 environments (seven locations and two years).
To avoid congesting the graph, the environments are numbered 1-14 while genotypes are shown
by their names.
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Figure 5: The ideal testing location for cotton seed yield among the locations used in
evaluations. The biplot was produced based location focused SVP, no scaling, no
transformation and the data were location centered.
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Figure 6: The ideal testing location for lint yield among the locations used in evaluations.
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Figure 7: Location x trait biplot showing cotton locations with a given set of traits. Data were
standardized with the within-trait standard deviation. The biplot was produced based on trait
focused SVP, no scaling, no transformation and the data were trait centered.
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4. DISCUSSION
4.1 Variance components and heritability estimates
Selection of suitable cotton varieties is hindered by the existence of the large error and GE
variance components. This situation was observed on several studies in cotton (Campbell et
al., 2005). When the error and the GE variance components are huge, they reduce the
repeatability (Gasura et al., 2014; Annicchiarico et al., 2000). The heritability value could be
increased by increasing the number of replications, years, locations and by using best
experimental designs (Barker, 1988). In the current study, heritability improved significantly
based on genotypic means across environments (years and location combinations).
Highly significant correlations observed on individual plot basis were mainly due to nongenetic causes such as error and GE. On the other hand, correlations based on genotypic means
across locations and years were accurate since the heritability value was improved. This will
be costly but has an advantage of improving the selection efficiency and hence variety
recommendation. When multiple traits are to be considered in variety evaluation and
recommendation, a selection index must be developed (Dias et al., 2003) and used to improve
the selection efficiency. Use of a selection index is ideal when the traits to use for indirect
selection are highly correlated with the target trait, are simply inherited and thus are of high
heritability and are also relatively easy to score (Gasura et al., 2014). A selection index has an
advantage of maximizing genetic gains for the most important traits concerned.
4.2 Significance of correlation analysis
The highly significant positive correlations observed on split boll weight and seed yield
reflected a true genetic relationship. Split boll weight is a function of the number of bolls
sampled while the seed weight is a function of the total number seeds per boll (Killi et al.,
2005). The latter is highly heritable and thus explaining the positive correlation observed
between split boll weight and 100-seed weight. When complex traits such as yield are
correlated with simply inherited traits, then simply inherited traits can be used to proxy the
complex trait since such traits are not affected much by GE (Meredith et al., 2012). High
positive correlation observed for seed cotton and lint yield may reflect the relationship between
samples that were ginned than the genetic cause. This is because the gin out turn ratio was not
related to lint yield furthermore the genotype mean square for seed cotton was non-significant.
In general high earliness index, high seed cotton yield, high lint yield, high split boll weight,
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high gin out turn ratio, good fuzz grade and small seed size make the ideal genotype. The lack
of correlation between lint or seed cotton yield with other traits such as earliness index, fuzz
grade and seed size could be exploited to benefit the farmers. For example short maturing
genotypes could be selected as drought escape mechanism for farmers in dry areas without
major penalties on yield traits. Lack of correlation between total cotton yield (seed cotton yield
before ginning) and 100-seed weight suggest that it is possible to get genotypes with high lint
yield from genotypes that possess high seed cotton yield.
4.3 Genotype evaluation based on mean yield and stability
The huge crossover type GE observed posed challenges in recommending varieties for wider
production. Crossover type GE interaction has also been reported to cause difficulties in crop
breeding (Bernardo, 2002). The high ranking genotypes in most environments were 644-9811, CRI-MS-2, SZ-9314 and CRI-MS-1. However, the which-won-where pattern based on seed
cotton and lint yield was non-repeatable in individual years suggesting that the locations
studied belong to a single and complex mega-environment (Yang, 2009). In line with the
existence of a complex environment, the sites studies showed some variation in rainfall, soil
types, and altitude and management conditions (Table 1). Where, a single mega-environment
exists, a single breeding programme focusing the entire mega-environment is therefore
recommended. Furthermore, when a single mega-environment exists, Yan and Kang (2002)
and Gauch (2013) highlighted that variety evaluation should be based on mean yield and
stability performance.
In cotton, farmers are interested in the total cotton yield while the processors are much more
interested in the lint yield (Kloth, 1998). Therefore, variety evaluation for cotton should
consider these two traits with equal importance while considering other related traits such as
fiber quality (Campbell et al., 2005). In this regards, use of a selection index is helpful in order
to balance the genetic gains obtained for each trait. Of interest, in this study the order of
winning genotypes based on mean yield and stability for both seed cotton yield and lint yield
did not change. This order remained CRI-MS-2 > SZ-95-23 > SZ-9314 and was supported by
a large positive correlation (r = 0.95; P < 0.001) that existed between these two traits. The best
genotype was CRI-MS-2, a commercial variety (Figure 4), although the across environment
mean yield of this genotype was not significantly different from genotype SZ-95-23. Therefore,
based on mean yield and stability, the next candidate genotype that can be recommended for
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release is SZ-95-23. Genotype SZ-9314 is the third best and could be considered for release
based on other quality traits. The genotype x trait analysis shows the other added advantage of
genotype SZ-95-23 and SZ-9314 to be of good fuzz grade compared to CRI-MS-2 and this
warrants the value for cultivation and use of these promising genotypes.
4.4 Test location evaluation
Yan and Tinker (2005) and Yan and Kang (2002) demonstrated the use of GGE biplot in test
location evaluation. The ideal testing site must be both discriminating (large PC1 scores) and
representative of other test locations (small PC2 scores) (Yan et al., 2001; Yan et al., 2002).
Chisumbanje Research Station with long PC1 scores and small PC2 scores for seed cotton yield
and lint yield (Figure 5 and 6) was the ideal testing location for these two traits. The
identification of Chisumbanje as the ideal testing location for lint yield and seed cotton yield
was also confirmed by the location x trait biplot analysis that showed Chisumbanje to be closer
to the biplot origin (Figure 7). Furthermore, the large variance components of the location make
the location x trait biplot meaningful since the effect of the location variance component was
large for most traits (Table 3). Therefore, the location Chisumbanje can be used in early
generation testing in reducing the number of genotypes for taking for multi-locational trials.
The most interesting phenomenon is that Chisumbanje is well suited for testing seed cotton
yield (Figure 5) and also lint yield (Figure 6). The genotypes selected at this location will have
high chance of being selected again following multi-locational testing. It is proposed that early
generations observational trials be conducted at this location and Kadoma Research Station.
5. CONCLUSIONS
The existence of huge GE and correlation among traits raises the need to include selection
index in cotton breeding, selection and recommendation. Furthermore, the occurrence of a
single mega-environment calls for the need to have a single breeding programme for the entire
country. Genotype SZ-95-23 can be recommended for commercialization in Zimbabwe since
it was stable across locations during the two years of testing. In addition, the genotype has high
lint yield, seed cotton yield and desirable fuzz grade. One complex mega-environment was
identified for cotton production in Zimbabwe and could be well served by one breeding
programme. Chisumbanje Research station represented the most discriminating and
representative location for evaluating cotton trials in Zimbabwe
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ABSTRACT
Cotton aphids are major cotton pests causing significant yield losses of more than 65% in
Zimbabwe. A Field experiment was conducted at Cotton Research Institute (CRI) in Kadoma
and Umguza in Matebeleland North in three cropping seasons from 2010/2011, 2011/2012 and
2013/2014. The objectives were to determine the effectiveness of cowpea as a trap crop in
reducing aphid pressure on cotton and to assess incidence of aphid predators on cotton and
cowpea trap crop. The trial was laid as a Randomized Complete Block Design (RCBD) with
three treatments and four replications. At CRI Cowpea trap crop significantly controlled aphids
better than chemical control using Acetamiprid 20 SP (P< 0.05). Predator Ladybird larval
beetle populations were highest in cowpea trap crop. At Umguza poor germination of cowpea
resulted in highest Ladybird adults populations in intercropped cotton. Yield of intercropped
cotton was comparable to yield from cotton where Acetamiprid 20SP was used. Farmers can
adopt this technology of aphid control in cotton using cowpea.
Key Words: Cultural control, Cotton aphids, Cowpea, Trap crop
1.0 BACKGROUND/INTRODUCTION
Aphis gossypii, the cotton aphid emerged a major pest of cotton in Zimbabwe in the early 1990s
(Bretell, 1995). A total of 300 aphids per leaf reduce cotton growth by 38-44%, boll production
by 78-80% and yield by 60-65% (Mathews and Tunstall, 1994).
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Aphids prefer to feed on young and tender tissues of the cotton plant. The feeding cause severe
leaf deformation, curling and crumbling, young plants are considerably damaged and at times
the damage can be irreparable. Severe damage occurs during hot and dry periods. Aphids suck
juice from the phloem of the cotton plant which is rich in sugars with little amino acids. Since
aphids need the amino acids for growth they release the sugars on leaves of cotton plants
causing the development of a fungus black sooty mould which stains open bolls (Lewis et al.,
2001). Honeydew deposits on leaves of cotton plants cause substantial decrease in harvest and
fibre quality and also cause difficulties during the processes of ginning and spinning (Mathews
and Tunstall, 1994). Early leaf crumpling due to aphid attack in cotton causes considerable lag
of stems and roots, a factor enhancing sticky cotton and late fibre maturity. Cotton aphids were
considered the main causal agents for sticky cotton problems in Israel (1983-1985) and in 1986
in Carlifornia, (Henneberry and Jech, 2001). Aphid populations develop very differently in
crops and in more natural conditions where the flora is mixed; they also develop differently in
crops of different sizes.
In Zimbabwe smallholder farmers rely mostly on chemicals for control of aphids. These
chemicals are applied late in the season resulting in considerable damage of cotton by aphids
from emergence to the time farmers get the chemicals. Aphicides use has undesirable
ecological and economic consequences for cotton growers and administrators in many
countries (Kranthi and Russell, 2009). According to worldwide research data about 40% of
crop yield losses are experienced in the pre-harvest period due to pests if effective pest
management is not practiced (Kennedy et al., 2000). Pesticide use alone will easy pest
problems in the short run but in the long term leading to problems like public health risks and
environmental pollution, pests developing resistance to the pesticides, secondary pest outbreak
and eradication of predators thereby leaving farmers in a “vicious pesticide treadmill”
(Maumbe and Swinton, 2000). Crop protection in Africa has minimal use of alternative pest
control practices while chemical control remains the widely used pest control measure
(Maumbe and Swinton, 2000). Massive publication and attention is given to chemical control
of pests, no wonder there is a common thinking that all pest management programs should be
chemical control based. In the real fact non-chemical control techniques like trap cropping,
intercropping, crop rotation, sanitation, cultivation, use of resistant crop cultivars and
biological control can be successfully used while chemicals would only be used as the last line
of defence (Kennedy et al., 2000). Researches done in the region emphasized on legume crop
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production as an important component in Integrated Pest Management (IPM). This has seen
about 20 million people in Africa being dependent on cowpea (Vigna unguiculata L Walp) as a
major source of protein for those communities who cannot afford animal products (Cork et al.,
2009). Besides cowpea being an indigenous African grain legume grown widely, it is also the
most important food legume, fodder and cover crop. Cowpea matures early and is drought
tolerant. It has wide adaption and broad range of genetic diversity which is locally found.
Cowpea is very nutritious and is comprised of proteins (20.5-31.7%), carbohydrates (56.065.7%), fats (1.1-3.0%), fibre (1.7-4.5%) and moisture (6.2-8.9%) (Makoi, 2009).
Intercropping is a traditionally practiced agronomic technique of cultivating two or more crops
in the same space of land at the same time. This practice has in past decades achieved the goal
of agriculture (Thayamini and Brinth, 2010). Intercropping increases production per unit of
land through better use of resources, minimizes risks, reduces need for competition while
stabilizing the yield. Other advantages of intercropping are: production of greater yield per unit
area through good use of available growth resources by using a mixture of crops of different
rooting ability, canopy structure, height and nutrient requirement based on the complimentary
utilization of growth resources by the component crops (Lithourgidis et al., 2011).
Intercropping leads to soil fertility improvement through biological nitrogen fixation with the
use of legumes, soil conservation is increased through more ground cover than sole cropping,
at the same time providing better lodging resistance for crops susceptible to lodging than when
grown in monoculture (Lithourgidis et al., 2011). Cowpea makes one of the best intercropping
options with cotton (Rusinamhodzi, 2006), so its use as a trap crop for the control of aphids in
cotton will be a relief to the resource poor farmers since cowpea is abundantly available.
Cowpea is tolerant to drought and poor soil fertility environments, and have a good combining
ability in intercropping systems (Rusinamhodzi, 2006). Intercropping has been observed to
offer protection against insect pests. According to Aliyu et al., 2011, results from an experiment
conducted by Uvah, revealed that intercropped sorghum with relay crops of millet and cowpea
reduced the population of A. cracccivora Koch, M. vitrata, M. sjostedti and pod sucking bugs
by 92%, 45%, 35% and 90%. Cowpea trap crop can be used as an alternative to chemical
control of aphids in cotton since cowpea attracts and harbours cotton aphids. This will allow
the cotton plant to grow and mature while the aphids are in the trap crop. On harvesting, the
farmer can burn residues of the trap crop or plough down the trap crop to kill and break the life
cycle of the aphid pest. The use of cowpea as a trap crop for control of aphids reduces aphicides
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usage, enhance conservation biological control by preserving locally found predators (PAN
Germany OISAT, 2012).
2.0 OBJECTIVES
The objectives of this field experiment were to determine the effectiveness of cowpea as a trap
crop in reducing aphid pressure on cotton early in the season. The experiment also checked the
effect of cowpea trap crop on predators of cotton pests.
3.0 METHODOLOGY
Investigation into the effectiveness of cowpea trap crop in controlling aphids in Zimbabwean
cotton was carried out in field experiment during the 2010/2011, 2011/2012, and 2013/2014
cropping seasons at the Cotton Research Institute (CRI) in Kadoma and Umguza communal
land in Matebeleland North. The experiment was laid out in a randomized complete block
design with three treatments and four replicates. The treatments were:
1. no control of aphids,
2. chemical control of aphids with Acetamiprid 20 SP,
3. cowpea trap crop for control of aphids intercropped as four rows of cowpea to ten rows
of cotton.
Cotton was grown using the basic agronomic practices as outlined in the Cotton Handbook of
1998, partial revised edition standards (CGA, 1998). Other practices done not listed in the
cotton handbook were: the experiment was hand planted at all sites using a commercial Cotton
Variety CRI MS2 and a commercial cowpea variety CBC3. Planting of cotton and cowpea was
done on the same day using 30cm graduated sticks. Five seeds of cotton variety SZ 9314 were
placed per planting station while three cowpea seeds of variety CBC3 were also placed per
planting station. The difference in number of seeds per planting station is due to the fact that
cowpea emerges better from the soil than cotton.
The measurements were aphid scores, aphid predator counts and seed cotton yield. Scouting
for aphids and predators of cotton aphids was done once a week in all treatments in cotton and
in the trap crop. Other sucking pests, bollworms and predators were also scouted once a week.
Chemical sprays for aphids control with Acetamiprid 20 SP were only applied in chemical
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control treatment, while in the no control treatment and the cotton-cowpea intercrop treatment
no aphicide was applied.
4.0 RESULTS
4.1 Aphid populations and yield of seed cotton at CRI
The cowpea trap crop significantly lowered aphid populations in intercropped cotton at CRI
better than chemical control of aphids with Acetamiprid 20 SP (Table 1). This could have been
caused by the cowpea's ability to attract and trap the cotton aphids since cowpea produces
chemical cues which guide the cotton aphid to locate it as the most preferred host (Atieno,
2011). This result confirms earlier findings by earlier researchers that intercropping of cowpea
with cotton is a cultural method that decrease target pests of cotton (Fakharany et al., 2012).
Studies by Lithourgidis et al., (2011) also confirm recent findings that intercrops often reduce
pest incidence in targeted crop. There were no significant differences in seed cotton yield
between the treatments. Cowpea trap crop attracted the highest populations of Ladybird larva
(Figure 1). The ladybird larvae were responding to high populations of aphids on cowpeas trap
crop since the Ladybird larvae are predators of cotton aphids capable of consuming about 450
aphids during their 12 day development period (Hopkinson et al., 2016). Studies by Sarina and
Zalucki (2005) confirm these findings that high predators populations are a response to high
prey populations.
Table 1 shows average aphid populations and yield of seed cotton at CRI for 2010/11, 2011/12
and 2013/14 seasons
Treatment

Mean aphid Score

Seed Cotton
kg/ha

1.No control of aphids in cotton

10.4c

2013

2.Chemical control of Aphids with 8.9b
Acetamiprid 20 SP.
3. Cotton intercropped with cowpea
7.6a

2048

p-value

0.851

<0.001

Yield

2070

N.B. Values followed by the same letter in a column are not significantly different at the 5% level
(Duncan `s Multiple Range Test).
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Figure 1 shows standard error bars and average predator counts at CRI for three seasons from
2010/11, 2011/12 and 2013/14
4.2 Aphid populations and seed cotton yield at Umguza
At Umguza Chemical control of aphids with acetamiprid 20SP had the least aphid populations
while intercropped cotton had the highest aphid populations. This scenario was caused by poor
germination of the cowpea trap crop. The poor trap crop stand caused the aphids to quickly
exhaust food reserves in the trap crop thereby afterwards moving to adjacent intercropped
cotton crop. Cowpea cotton intercrop produced significantly high seed cotton yield comparable
to chemical control of aphids with Acetamiprid 20 SP, while the no control treatment had the
least yield of seed cotton (Figure 2). This could be attributed to the highest population of
Ladybird larva which was in intercropped cotton (Figure 3). Studies by Sharma et al., (2013)
concur with these findings that, if a pest population increases the numbers of predators that
attack the pest also proportionally increase and provide density dependant relationship. As a
result habitat manipulation seeks to manage the pest, crop and crop plants relationship to
enhance the impact of natural enemies on pest population. This approach is one of the key
elements in the use of indigenous natural enemies (conservation biological control) in
Integrated Pest Management ((IPM) (Sharma et al., 2013).
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Figure 2 shows standard error bars and average aphid populations and seed Cotton yield at Umguza
from 2010/11, 2011/12 and 2013/14 seasons.
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Figure 3 shows standard error bars and average predator populations at Umguza from
2010/11, 2011/12 and 2013/14 seasons.

5.0 CONCLUSION
The cowpea trap crop controlled aphids better than chemical control with Acetamiprid 20SP at
CRI. Poor germination of cowpea trap crop at Umguza resulted in high populations of aphids
in intercropped cotton at Umguza. At CRI cowpea trap crop attracted the highest populations
of predator Ladybird beetle larva while at Umguza intercropped cotton had the highest
populations of the predator Ladybird adult beetle. Cotton intercropped with cowpea yielded as
much as cotton where aphids were controlled using Acetamiprid 20 SP
6.0 RECOMMENDATION
Farmers are encouraged to adopt this technology of the use of cowpea trap crop for aphid
control in cotton using cowpea.
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ABSTRACT
Developing a new cotton variety involves evaluating its genetic and agronomic potential.
Cotton yield is largely a function of the genetic potential and plant density and thus new cotton
varieties are subjected to different densities to aid in selection of the best variety and make
suitable recommendation of spacing for the new varieties. A field experiment was therefore
conducted to assess the performance of promising cotton varieties namely CRI-MS-1, 644-9811, 917-05-7, SZ-95-7 and 648-01-4 under different plant spacing of 1.2m x 0.45m, 1m x 0.3m,
0.8m x 0.25m and 0.6m x 0.25m at the Cotton Research Institute, Chisumbanje, Chizvirizvi,
Kuwirirana, Wozhele and Muzarabani communal areas. Plant height, plant population, boll
mass, boll numbers and seed cotton yield were measured and these were significantly affected
by plant spacing and varieties at Chisumbanje, Kuwirirana, Wozhele and Muzarabani, while
the interaction between plant spacing and cotton varieties were non-significant for these yield
parameters at all sites except for seed cotton yield at Muzarabani where spacing of 0.60m x
0.25m recorded satisfactory seed cotton yield of 2785 kg ha-1 for the variety 917-5-7 using a
fertilizer rate of 250 kg ha-1 Compound L. It was concluded and recommended that among the
tested varieties, a spacing of 0.60m x 0.25m be used.
Key words: Germplasm, Spacing, Yield components, Seed cotton yield
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1.0 INTRODUCTION
Cotton is a valuable cash crop that is constantly being improved to suit the growing demands
of various stakeholders in terms of productivity, biotic and abiotic stress tolerance or fibre
qualities. Cotton improvement is a key national component in research that is needs-based
bordered on response from consultative enquiries. New varieties are constantly being
developed and at the same time their agronomic performance evaluated so that a complete
package is released on the public domain. In Zimbabwe, this work is done at Cotton Research
Institute where varieties being developed are subjected to various conditions in order to
ascertain the optimum performance of these varieties.
Agronomic and optimum plant densities are key components evaluated during varietal
development and these vary from genotype to genotype (Dong et al., 2006). According to
Deepika et al. (2015), plant spacing affects the growth parameters and yield components of
cotton and in Zimbabwe a recommended spacing of 1 metre by 0.3 metres is considered to be
optimum if cotton is planted on the recommended planting dates (Cotton handbook, 1998) with
a potential to yield as much as 2300 kg/ha of seed cotton under dry land farming in most cotton
growing areas. It is believed to be one of the factors maximizing biophysical and biochemical
parameters along with yield and yield components. This may be because cotton yield is
believed to be partially determined by crop geometry which is a function of row spacing
and plant population. In a study by Jahedi et al. (2013), little association between different
spacing and cotton cultivars on plant growth characters and yield was observed. However,
earlier studies by Jones (2001) indicated significant row spacing by cultivar interaction for seed
cotton yield. Varieties perform differently at different row configurations due to different plant
architectures exhibited by the different genotypes. Varieties that produce luxuriant canopies
required wider spacing whilst others required narrow spacing because of the small canopies
they exhibit. Dwyer et al. (1991) observed that narrow row spacing cause higher leaf
photosynthesis compared with wider row spacing. Narrow spacing also produces high leaf
area index (LAI) which results in more interception of Photosynthetically active radiation
(PAR) and dry matter accumulation (Iqbal et al., 2010), resulting in higher yields.
With this information, an attempt to understand the importance of spacing attribute on genotype
was made. Performance was therefore assessed in this study to evaluate the effect of growing
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different cotton genotypes under varying row and in-row configurations on yield parameters
and seed cotton yield under dry-land systems.
2.0 MATERIALS AND METHODS
2.1 Experiment sites
The experiment was conducted at the following sites with different characteristics:
Table 1: Description of experimental sites used in the study
Name of site

Coordinates

Elevation Soil type
(above
sea level)

Cotton Research Institute

18° 20′ South and
29° 54′ East
20° 48′ South and
32° 59′ East
21° 00′ South and
32° 01′ East
17° 54′ South and
29° 01′ East
17° 57′ South and
29° 18′ East
15° 45′ South and
29° 19′ East

1156 m

Chisumbanje Experiment
Station
Chizvirizvi resettlement
area
Kuwirirana
communal
area
Wozhele communal area
Muzarabani
area

communal

300 m
400 m
996 m
1245 m
600 m

Average rainfall
for 2012/13 and
2013/14 seasons
(mm)
Red clay loam 758
soils
Black alluvial 400
heavy clay soils
Black alluvial 362
vertisols
Basaltic loamy 850
soils
Alluvial soils
648
Clayey alluvial 554
soils

2.2 Field experiment
The experiment was laid out in the field during the cropping seasons of 2012/13 and 2013/14
at C.R.I and 2013/14 season at Chizvirizvi, Kuwirirana, Wozhele and Muzarabani under dry
land conditions whilst at Chisumbanje it was carried out under flood irrigation. The design used
was a split plot in a factorial combination of two main effects. Plant spacing of 1.2m x 0.45m,
1m x 0.3m, 0.8m x 0.25m and 0.6m x 0.25m was allocated as the main plots and cotton
varieties, CRI-MS-1, 644-98-11, 917-05-7, SZ-95-7 and 648-01-4, as the sub plots (Table 1).
Agronomic practices which included conventional tillage, recommended planting depth of
25mm, basal fertilizer application of 250 kg ha-1 Compound L and 100 kg ha-1 Ammonium
nitrate as top dressing were used. Weed control was done using pre-emergence herbicides
(Codal gold) at C.R.I and hand weeding at the communal area sites. Comprehensive pest
control was done mainly for boll worms and aphids using Carbaryl, thionex and Acetarmark.
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Different spacing regimes were used as they were part of the treatments. Comparison of
varietal performance of the genotypes under different spacing was done on plant height, plant
population, average mass of 100 boll samples, and number of bolls per plant and seed cotton
yield. The gross plot was 6 metres by 5 metres and the net plot was 4 metres by 4 metres.
Table 2. Treatments used in the study.
Main Plot Treatments
Main Plot 1
Main Plot 2
Main Plot 3
Main Plot 4
Sub Plot Treatments

Plant Spacing
1.2m x 0.3m
1m x 0.3m
0.80m x 0.25m
0.60m x 0.25m
Varieties

Sub Plot Treatment 1
Sub Plot Treatment 2
Sub Plot Treatment 3

CRI MS 1
644-98-11
917-05-7

Sub Plot Treatment 4
Sub Plot Treatment 5

648-01-4
SZ-95-7

2.3 Traits measurement and statistical analysis
The data recorded from the field experiments was subjected to analysis of variance (ANOVA)
using Genstat 14th edition statistical package after testing for homogeneity using the fittedvalue plot and histogram of residuals. Combined analysis for 2012/13 and 2013/14 seasons for
C.R.I data was done as there was no significant influence of the season on the performance of
the treatments and single site analysis for Chizvirizvi, Kuwirirana, Wozhele, Muzarabani and
Chisumbanje. Mean separation for significantly different means was carried out using the
Protected Fischer LSD at 5% significance level.
3.0 RESULTS
3.1 Seed cotton yield
3.1.1 Combined seasonal effect
The relationship between spacing, varieties and seed cotton yield was not influenced by season
as there were no interactions between the season and the treatments at Cotton Research Institute
where the trial was carried out in 2013 and 2014 seasons as shown in Table 3. There were
significant differences on the main effects of spacing only with 0.60m x 0.25m producing more
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yields of 1762 kg/ha followed by the spacing of 0.8m x 0.25m which gave yields of 1648
(p<0.05).
Table 3. Combined analysis of the effect of spacing on seed cotton yield of different cotton
germplasm at C.R.I in 2012/13 and 2013/14 seasons
Spacing

Yield (kg/ha)

1.2m x 0.3m

1352a

1m x 0.3m

1542ab

0.80m x 0.25m

1648b

0.60m x 0.25m

1762b

P

0.009

LSD

227.5

Variety
CRI-MS-1

1663

644-98-11

1603

917-05-7

1573

648-01-4

1499

SZ-95-7

1542

Grand Mean

1576

P-value

0.381

LSD

169.6

Space by Variety Interaction

0.113

Season by space by variety interactions

0.086

CV (%)

21.7

Means

followed by the same letter are not significantly different after separation by Fisher’s LSD
(P<0.05)
3.2.3 Effect at specific sites
The relationship between spacing by variety on yield was influenced by the site and the results
are shown in Table 4. The results at each of the sites showed that there was no relationship
between spacing and varietal performance except for Muzarabani. Narrow spacing regimes of
0.6m x 0.25m produced significant cotton at Muzarabani and 0.8m x 0.25m gave more yields
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at Wozhele although it was comparable to 0.6m x 0.25m. The check variety CRI-MS-1
performed best at Wozhele in terms of yield whilst the test varieties 644-98-11 and SZ-95-7
performed best at Kuwirirana and Chisumbanje respectively.
Table 4. Effect of spacing on seed cotton yield of different cotton germplasm at different sites
in 2013/14 season
Seed cotton yield (kg/ha)
Spacing

Chisumbanje Chizvirizvi Kuwirirana Wozhele Muzarabani

1.2m x 0.3m

1079

840

3493

1297a

1770ab

1m x 0.3m

850

913

3735

1738ab

1597a

0.80m x 0.25m 1005

1044

4212

1952b

1990b

0.60m x 0.25m 1362

1113

4407

1934b

2290c

P

0.153

0.075

0.440

0.039

0.002

LSD

458.5

219.7

1353.3

471.5

292.0

CRI-MS-1

1019b

901

3971abc

1966c

1816

644-98-11

1169b

1031

4487c

1533a

1873

917-05-7

1181b

915

3686ab

1574ab

1928

648-01-4

793a

1013

3556a

1734abc

1908

SZ-95-7

1206b

1027

4110bc

1843bc

2033

Grand Mean

1074

977

3962

1730

1912

P-value

<.001

0.504

0.008

0.037

0.136

LSD

205.8

197.6

530.5

308.9

167.3

Interactions

NS

NS

NS

NS

<.001

CV (%)

27.0

28.4

18.8

25.1

12.3

Variety

Means in the same part of the table and in the same column followed by the same letter are not
significantly different after separation by Fisher’s LSD (P<0.05)
Performance on yield of cotton varieties was influenced by spacing at Muzarabani (p<0.001,
Table 5). CRI-MS-1 performed better at the recommended spacing of 1.0m x 0.3m, whilst 64498-11 performed better at a spacing of 0.80m x 0.25m. The varieties 648-01-4, SZ-95-7 and
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917-05-7 performed well at the narrow spacing of 0.60m x 0.25m with the latter producing the
highest yield of 2785kg/ha when compared to other varieties.
Table 5. Relationship between spacing and varietal performance on yield at Muzarabani
Varieties
Spacing

CRI-MS1

644-98-11

917-05-7

648-01-4

SZ-95-7

1.2m x 0.3m

1431

1852

2164

1436

1967

1m x 0.3m

2232

1234

977

1639

1902

0.80m x 0.25m

1674

2433

1785

2218

1842

0.60m x 0.25m

1928

1974

2785

2340

2422

Grand mean

1912

P

<0.001

CV%

12.3

3.2 Yield Components
There were no interactions of the main effects of spacing and varietal performance for the plant
height, plant population, average boll mass and average boll numbers across all the sites
(p>0.05, Table 6). However on plant height, the results indicated significant differences on the
second level of main effects of varieties (P<0.05). On boll weight, no particular spacing
resulted in heavier bolls but on the varieties used in the study, the genotype 917-05-7 produced
heavier bolls (6.20g) than any varieties. Lastly, the plant spacing resulted in varying boll
numbers per plant due to the differences in the plant populations. However, no differences
were noted on the particular varieties in terms of boll numbers.
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Table 6. Multi-location effect of the relationship between spacing and varietal performance on
yield components
Spacing

Plant
(cm)

1.2m x 0.3m

109.68

25619a

6.19

16b

1m x 0.3m

110.70

33212b

6.09

16b

x 110.67

45650c

6.07

13a

x 102.92

62794d

5.92

13a

0.076

<0.001

0.251

<0.001

6.79

2961.7

0.28

1.1

CRI-MS-1

106.48a

41742

6.06ab

15

644-98-11

108.85a

42406

5.97a

14

917-05-7

113.67b

41164

6.20b

14

648-01-4

107.73a

42062

5.99a

15

SZ-95-7

105.73a

41719

6.11ab

15

Grand Mean 108.49

41819

6.07

14

P

0.002

0.633

0.012

0.559

LSD

4.16

1621.0

5.192

0.7

Interactions

NS

NS

NS

NS

CV (%)

4.6

11.6

9.0

15.8

0.80m
0.25m
0.60m
0.25m
P
LSD

height Plant
(ha)

Population Average boll mass Average bolls per
(g)
plant

Variety

Means in the same part of the table and in the same column followed by the same letter are not
significantly different after separation by Fisher’s LSD (P<0.05)
4.0 DISCUSSION
Wider spacing resulted in low yields in the two seasons at C.R.I. as the performance of the
different varieties was comparable under all the spacing regimes. The results are similar to
those described by Jahedi et al. in 2013, where he noted that little association existed between
different spacing and cotton cultivars on plant growth characters and yield. This may be
explained by the fact that genotype behaviour was similar in terms of genetic constitution when
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subjected to different conditions. The results therefore suggested that higher plant populations
were beneficial in cotton production despite the varieties used and this contributed to the
increased yields. The study revealed that the tested pre-released varieties could be good
alternatives to the current local varieties on the market especially under narrower spacing. The
performance of 917-05-7 was even greater under the narrow spacing because it is an
indeterminate variety, according to the information on Cotton Research Institute variety
brochure, and it continues to grow tall whilst producing heavier bolls even under high plant
populations. Plant spacing resulted in noticeable differences in plant populations with narrow
spacing performing better than any spacing, producing substantial number of plants per hectare
which is crucial in determining yield as also noted by Dong et al. in 2006. Wider spacing
resulted in the plants realising their full potential due to compensatory behaviour exhibited by
the crop. The fruiting branches tend to grow into the space available resulting in more fruiting
positions. However, this was not enough to cause significant advantage in yielding capacity of
the cotton when compared to narrow spacing regimes. The differences in plant population and
average boll numbers when combined with the boll weight were the factors behind the
differences in seed cotton yield in the spacing main effect.
5.0 CONCLUSION
Plant spacing was not associated with differences in performance of the cotton genotypes used
in this study in all the seasons and at all the sites. The entire yield components and seed cotton
yield were not influenced by these two factors indicating that there was no particular spacing
that could be recommended for any of the genotypes. However, growing cotton at a narrow
spacing of 0.60m x 0.25m can be beneficial in terms of yield as it proved to be the best spacing
for all the genotypes under any location in this study. The study also concluded that growing
indeterminate cotton varieties can be more beneficial under high plant population. Further
studies need to be done to assess the biophysical parameters like Relative Water Content, Leaf
Area Index, Harvest Index; and biochemical parameters that include Chlorophyll Content and
Proline Content. These all help to explain the physiological consequences of exerting different
cultivars to different spacings as this affects the growth of the cotton crop.
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ABSTRACT
A study was conducted to evaluate the genetic diversity of eleven coffee varieties cultivated in
Zimbabwe using morpho-agronomic markers. The study was laid out in a randomised complete
block design replicated three times. There were significant differences (p<0.05) in growth
parameters such as yield, plant height, stem girth, number of primary branches, number of
bearing nodes, internode length and leaf characteristics, with no significant differences
(p>0.05) in seed characteristics and number of nodes. The principal component (PC) analysis
shows 54% of variation was explained by the first components involving coffee yield, stem
girth and plant height dominating. The second PC explained 18.3% of variation with number
of bearing nodes, leaf characteristics and number of primary branches dominating. Cluster
analysis shows that coffee varieties in Zimbabwe are morphologically similar with a similarity
of at least 60%. Implications were discussed in the paper.
Key Words: Arabica Coffee, Genetic diversity, Morpho-agronomic markers, breeding
INTRODUCTION
Coffee belongs to the genus Coffea in the family Rubiaceae (Anthony et al., 2002). The genus
Coffea contains more than 1 000 species but only two cultivated species namely C. arabica
and C.canephora have agronomic importance to humans. The other species have no known
commercial value yet and hence are not cultivated by farmers but represent an important source
of genetic variation in important breeding traits such as drought, insect pest and disease
resistance(Esayas et al., 2003). Both C. arabica and canephora originated from the highlands
of Ethiopia (Kumar et al., 2009). C. arabica is the most widely consumed species accounting
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for 70% of the coffee consumed in the world while C. canephora contributes 30% in the global
market (Mishra et al., 2011).
In Zimbabwe, coffee is produced mainly in the Eastern Highlands districts of Chipinge,
Chimanimani, Mutare and Mutasa, and in the northern parts of the country in Guruve, Harare
and Mhangura districts (CORI, 2010). Zimbabwe produces Arabica coffee only.
The smallholder coffee sector being one of the most important contributors to coffee production
are faced with challenges such as soil fertility and drought. The farmers cannot afford to buy
fertilizers or have enough animals to supply manure to supplement nutrition in their fields to
increase productivity. Drought and poor soil fertility promote an increase in pest and disease
attack leading to yield losses from these constraints. In addition, smallholder farmers solely
depend on rain fed agriculture which severely limits their yield potential (Brown, 2008, Esayas
et al., 2003). The situation is worsened by the fact that rainfall in Zimbabwe is becoming more
unreliable and unevenly distributed throughout the seasons(Logan and Biscoe, 1987a). Crop
protection from pests and diseases remains a major challenge in the coffee farming sector. The
need for chemicals such as fungicides and pesticides to control diseases such as coffee leaf rust
and insect pests such as antestia bugs and the coffee white stem borer remains a major challenge
(Coelho et al., 2009, Hagar and Schepp, 2011). The chemicals for pests control are very
expensive beyond the reach of many smallholder farmers who dominate the coffee production
sector. The inability to control pests has resulted in low quality coffee being delivered to the
market, which compromises on economic returns.
Losses due to drought, diseases, pest and poor soil fertility can be reduced through adopting
and cultivating tolerant varieties. Use of tolerant varieties could be a permanent solution to
these challenges. This calls for an establishment of a coffee breeding programme in Zimbabwe.
The first step is to evaluate genetic diversity of cultivated coffee varieties and in coffee gene
banks in Zimbabwe. Genetic diversity refers to the total number of genetic characteristics in
the genetic makeup of a species. Genetic diversity plays a very important role in survival and
adaptability of a species to environmental changes. One of the major objectives in crop
breeding is to widen the genetic diversity by increasing variation in the proportion of alleles to
create and later select the most adapted characteristics. This is achieved through hybridization
and selection. Breeding therefore offers a more promising solution which can be easily adopted
in the coffee sector (Herrera et al., 2001). Breeding better adaptable varieties for any constraint
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depends on the existence of genetic diversity in parents. In Zimbabwe, there is no coffee
breeding programme and all coffee varieties grown in Zimbabwe are sourced from other
countries.
OBJECTIVES
The aims of this study were to evaluate genetic diversity of Zimbabwean coffee varieties using
their morphological characters under field conditions. Due to time limitations and financial
resources limitations, this study only concentrated on genetic diversity expressed by
morphological and some agronomic traits only. For this study, morphological markers were
considered adequate in classifying the varieties and forming the basis of future molecular
studies. It is vital for plant breeding programmes to have sufficient diversity available to allow
for the production of new varieties that are aimed towards the improvement of crop
productivity and able to withstand damage from biotic and abiotic factors (Querol, 1987). This
data will be essential to validate suggested comparative advantages of each variety over another
by farmers and stakeholders, which may provide new alternative options for plant breeding.
The specific objectives were to estimate qualitative and quantitative morphological traits,
determine similarity levels and the contribution of individual traits to total variation in the
eleven coffee varieties under field conditions.
METHODOLOGY
The study was conducted at Coffee Research Institute (CoRI), situated 8km South West of
Chipinge town. Its geographic position is (200211S and 320371E) and lying at an altitude of
between 1060 and 1290 metres above sea level (masl). In terms of the agro ecological
classification used in Zimbabwe, CoRI is in Natural Region 1 where mean maximum and
minimum temperatures are 28 and 140C respectively. Annual rainfall varies from 800-1300mm.
A large portion of the soils at CoRI are derived from Umkondo quartzite which form the oxisols
group and another portion is made of sandstones that are leached and strongly weathered (FAO,
2006).
Eleven coffee varieties were used in the study as treatments. The varieties were Catimor 128,
Catimor 129, Catimor F6, Costa Rica, Mundo Nova, K7, Selection 6, Selection 5A, Caturra,
Red Catuai and Yellow Catuai. These varieties were planted in the gene bank at one tree per
cova. The varieties were in their fourth year of reproduction. The design for the study was a
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completely randomized block design replicated three times. Data were collected from five trees
per variety. Data collection was done separately on the same data plants for both quantitative
characters and qualitative characters. Quantitative data was done on yield, stem girth, plant
height, number of primary branches, leaf area, seed length, seed width, internode length,
number of nodes and the number of bearing nodes. Qualitative data was scored on canopy
shape, branching habit, branching angle, fruit colour, fruit shape, shoot colour and stipulate
shapes. The selected bushes were marked by a plastic yellow paper for ease of identification.
Plant height was measured using a metre rule from the ground level up to the shoot tip of the
plant in centimetres. Stem girth was measured using a pair of vernier calipers at a height of 15
cm from the ground level. Coffee was harvested when mature after every two weeks from the
first harvest and weighed using a balance. . The total yields were bulked in each replication for
each variety. A count on the number of primary branches, total number of nodes and number
of bearing nodes on marked branches was done. The data was recorded for each replicate. Leaf
area was considered very important in this study. A random selection of leaves was done on
marked primary branches and an average of five middle leaves was taken for each replicate.
Leaf length was measured using a 30cm ruler along the midrib, from the area where the leaf
attaches to the stem to the end where the midrib ends. Leaves from which leaf length was taken
were also measured for leaf width using a 30cm ruler across the longest part of the leaf. Data
on seed length was collected by measuring the longest part of the seed using vernier calipers.
This was done after removing coffee pulp to remain with coffee seed with parchment only.
Seed width(mm) was considered to be the distance across the mid part of the seed using vernier
calipers. Scoring of qualitative characters was done basing on a 25 character descriptors of
coffee adopted from Union for the Protection of Varieties (UPOV) (Anthony and Dussert,
2009).Scores were done on shoot colour, fruit colour, fruit shapes, canopy shapes, leaf shape
and leaf apex shape, stipulate shapes branching angle and habit.
Data collected on quantitative characters were subjected to analysis of variance using Genstat
14th edition (VSNI, 2011). Leaf length and leaf width were used to calculate leaf area.
Significant results at p=0.05 were separated using the LSD technique. Principal Component
Analysis (PCA) was carried out for quantitative characters to determine the contribution of
different characters to total variation. Scores for the qualitative and quantitative characters were
further subjected to cluster analysis. The clustering was done using Unweighted Pair-Group
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Method with Arithmetic Average (UPGMA). A dendrogram was produced, showing clusters of
different coffee varieties, against a similarity matrix.
RESULTS
4.1 Morphological variability in quantitative characters of coffee under field conditions
There were highly significant differences (p<0.05) in quantitative characters measured on
coffee such as yield, plant height, stem girth, primary branches, number of nodes, number of
bearing nodes, internode length, leaf length, leaf width and leaf area properties for the eleven
coffee varieties measured in the coffee gene bank at Coffee Research Institute. However, there
were no significant differences (p>0.05) measured in seed length, seed width and seed length
to width ratios (Table 1).
Table 1: Analysis of Variance for Quantitative characters
Traits

D.F

Yield
10
Plant height
10
Stem girth
10
Primary braches
10
No of nodes
10
No. bearing nodes
10
Internode length
10
Leaf length
10
Leaf Width
10
Leaf Area
10
Seed Length
10
Seed Width
10
Seed L/W ratio
10
ns – not significantly different

M. S

VR

p

2816074
0.073506
90.00
548.42
7.480
30.615
2.0636
791.7
186.45
424.47
6.6922
0.976
0.0588

5.40
15.51
4.40
15.85
1.89
6.07
3.32
5.78
4.83
6.10
0.66
1.48
1.08

<0.001
<0.001
<0.001
<0.001
ns
<0.001
0.003
<0.001
<0.001
<0.001
ns
ns
ns
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Table 2: Estimates of the range, Mean, SD and Coefficient of Variability among the
important quantitative traits
Character
Yield (kg/cc/ha)
Plant height(cm)
Stem girth (mm)
Primary branches
No. of nodes
No. of bearing nodes
I/node length(cm)
Leaf length (cm)
Leaf Width (cm)
Leaf Area (cm2)
Seed Length(mm)
Seed Width(mm)
Seed L/W ratio

Range
Minimum Maximum

x±se

CV (%)

161.9
72
22.8
30
11
3
1
109
40
26.16
9.0
5.0
1.30

246.1±10.65
103.5±2.27
31.1±0.8
45.45±1.86
15.64±0.41
8.36±0.55
2.8±0.18
145.4±3.1
59.7±1.64
52.79±2.28
10.72±15.6
6.47±0.14
1.67±0.04

4.30
12.62
14.85
23.50
15.07
38.02
36.76
12.27
15.82
24.87
8.332
12.04
13.78

317.4
124
41.9
68
21
13
5.5
173
85
76.5
12.9
7.5
2.34

4.2 Principal component analysis (PCA) for quantitative morphological traits
The PCA showed a cumulative percentage variation of 53.95%. The first principal component
(PC1) explained 36.31% of the entire variability. Variation in the first PC was mainly
contributed by coffee yield, stem girth and height. A much bigger contribution also came from
leaf width and length, seed width and leaf area. The second (PC2) accounted for 18.28% of the
total variation. The second PC was dominated by seed length to width ratio, percentage
ripening, and seed length. Plant height, girth and yield also contributed to variation in the
second PC. Each character was found to contribute importantly to total variation in the PCA
(Table 3).
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Table 3: Principal Component analysis of the Traits measured under field conditions at
CoRI
Traits

PC1

PC2

1. Girth

0.37149

-0.21506

2. Height

0.37149

-0.21506

3. Internode length

0.05946

-0.14219

4. Leaf Length

0.31096

0.13285

5. Leaf Width

0.32920

0.21094

6.No of bearing nodes

0.13562

0.26353

7. Seed length

0.11883

0.31968

8. Seed Width

0.31271

-0.14191

9. Yield

0.37948

-0.21737

10. Fruit number

0.21492

0.37714

11.Leaf area

0.35105

0.19022

12. Seed L/W ratio

-0.23276

0.34954

Individual Percentage variation

36.31

17.54

Cumulative percentage variation

36.31

53.95

4.3 Principal coordinates analysis for eleven coffee varieties using quantitative traits
The principal coordinate analysis showed that three varieties are morphologically different
from the rest of the other varieties. K7 was isolated from the rest of the other varieties and
located near the top left corner of the graph while Selection 5A was also isolated down below
the principal coordinate graph slightly closer to Selection 6. The other varieties were clustered
slightly closer to one another with Catimor F6, Caturra, Catimor 128 and Catimor 129
altogether. Costa Rica, Mundo Nova and Yellow Catuai were located slightly outside of the rest
in the order they are with Yellow Catuai being the furthest (Figure 1).
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Figure 1: Principal coordinate analysis for morphological traitsof eleven coffee varieties under
field conditions

Figure 2: Cluster dendrogram showing similarity of eleven coffee varieties based on
qualitative and some quantitative traits measured at CoRI under field conditions
The dendrogram showed that all varieties have a similarity of about 65%. The remainder of
35% is the variation observed on our cluster dendrogram. The first cluster which contained
varieties K7, Selection 6 and Mundo Nova. These varieties had a similarity of 70% and they
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formed their own cluster. The remainder of the varieties separated together. However,
Selection 5A and Catimor F6 formed a separate cluster at similarity level 70%. All the
remaining varieties belonged to the remainder sub-cluster which separated at various points
along the similarity matrix.
DISCUSSION
The results show that coffee is generally diverse when comparing individual traits. However,
cumulatively, the study depicted that coffee is generally narrow in genetic diversity as shown
by the dendrogram with only about 34% variation. This low variation was expected as all
varieties in Zimbabwe are Arabica species, which is generally a self-pollinating species. Selfing
results in homozygosity (Carneiro, 1997). This results in uniformity among all varieties, which
lowers variation. Characterization of genetic diversity in coffee has previously been done using
morphological and agronomic traits with various observations. Results from our study are in
line with (Gichimu and Omondi, 2010)who observed that coffee was also narrow in genetic
diversity with similarity of only 25%, which even less than the variation that was observed in
our study. In contrast, (Hue, 2005) observed that coffee generally differs widely in
morphological traits, size and adaptation. From the cluster, using both qualitative and
quantitative traits produced a compound comparison which enabled us to understand that
Selection 5A and Catimor F6 may be similar morphologically. Traits such as plant height, girth
and canopy traits were observed to be more similar in these varieties than the others.
The principal component also separated Selection 5A, Selection 6 and K7 from the rest of the
varieties. Selection 5A and Selection 6 are new varieties bred for tolerance to Coffee leaf Rust
and Coffee Berry Disease. The cluster therefore might be influenced by the existence of the
resistance gene in these genotypes.
The difference in yield, plant height, stem girth, leaf characteristics and branch characteristics
for the coffee varieties implies the availability of genetic diversity. The results suggest the
existence of some genetic diversity in coffee. These varieties can therefore be used in coffee
improvement programs aimed at improving plant height, stem girth and yield characteristics.
Significant differences in leaf length, leaf width and leaf area in coffee varieties means that the
coffee varieties are genetically diverse in leaf characteristics. This is in agreement with(Cesar
et al., 2010), who reported that coffee varieties are genetically diverse in leaf characteristics.
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The variations obtained from leaf characteristics alone may give an indication of the likely
effects of leaf area on yield. A positive correlation was observed between ground cover (Leaf
Area Index) and yield of coffee meaning that varieties with larger leaves utilize more
photosynthetically active radiation required for photosynthesis, thus producing more yields
(Wrigley, 1988a). The results contradict those obtained by (Wrigley, 1988b, Hue, 2005) who
reported similarities in leaf characteristics for different coffee varieties and concluded that
coffee is genetically narrow in leaf characteristics.
Non-significant differences in the number of nodes per primary and internode length indicate
that coffee might be relatively uniform in node characteristics. This may give an indication of
a narrow genetic base basing on nodal characteristics alone. For breeding purposes selection
for traits using nodal characteristics might not give enough information on variation.
Insignificant nodal characteristics concurs with the results obtained by (2010) and also by
(2005). The results in this study that internodal length was not significantly different could
suggest that all varieties can be mechanically harvested using the same settings as the coffee is
borne on the nodes.
Results from morphological characterization of seed properties such as seed length, width and
seed length to width ratio suggests that coffee varieties are uniform in their seed properties.
The narrow geographic origin of C arabica and self-fertilizing nature may have resulted in
uniformity (Chaparro et al., 2004). The results disagree with those by (Gichimu and Omondi,
2010), who reported a significant variation in seed length and also seed length to width ratio.
Notable variations observed in qualitative characters in coffee imply that coffee varieties are
genetically different in qualitative characters. Coffee generally as a tree exhibits different
canopy shapes, which can be used to distinguish between them.
While the common understanding is that coffee has a green shoot tip, except for SL28 and
Costa Rica, it was important to note that Selection 6 also had bronze coloured shoots. Based
on this qualitative characteristic, coffee varieties can therefore be categorized into two groups
one with green shoots while the others have bronze coloured shoots. According to(1987b), dark
bronze is incompletely dominant over green in these varieties, and the existence of the
difference implies genetic diversity in shoot morphology.
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Combining qualitative and quantitative characters in coffee produced a dendrogram classifying
coffee varieties in Zimbabwe. Two distinct groups with giant and dwarf varieties were obtained
with similarity greater than 65% indicating that coffee varieties are generally uniform in
appearance. The varieties in the first cluster (SL28, K7, Mundo Nova) were developed through
single tree selection while the many varieties in the second cluster (Catimor F6, Catimor 129,
Catimor 128, Yellow Catuai and Red Catuai) are hybrids derived from Caturra (Logan and
Biscoe, 1987b). Hybrid varieties in this study such as Catimor 128, Catimor F6 and Catimor
129, were found to have considerable resistance to coffee leaf rust disease(Zambolin et al.,
2005, Logan and Biscoe, 1987b, Chidoko, 2012). In addition, the hybrids derived from Caturra
were grouped together with Caturra. The groupings agree with pedigree of these varieties, and
demonstrate a common origin. All Catuai varieties were derived from a cross between Mundo
Nova and Caturra. Catimor varieties originated from independent crosses between Caturra and
Hybrid of Timor. (Logan and Biscoe, 1987b, Wrigley, 1988a, Linus et al., 2003). These
varieties have a common gene for resistance derived from Hybrid of Timor. This explains why
these varieties have a higher degree of similarity as compared to the others. The relatedness of
these Catimor varieties was also found by (Gichuru et al., 2008, Logan and Biscoe, 1987b) in
genetic diversity study of coffee varieties using RAPD markers and in describing the general
characters of the varieties. Despite the fact that Catuai varieties originated from Mundo Nova,
the differences between Mundo Nova and Catuai varieties in the cluster analysis were large.
They were not grouped in the same cluster. Yellow and Red Catuai were clustered with more
similarities to Caturra suggesting that the majority of the phenotypic characteristics for this
variety might have been borrowed from Caturra (Coste, 1992) and not from the other parent
Mundo Nova.
The degree of similarity depicted in the cluster analysis for all traits indicate high similarity
values (>65%) in all coffee varieties which implies a very narrow genetic base for Coffea
arabica. Narrow genetic base in Arabica coffee was expected as the specie is an allotetraploid,
which is dominantly self-pollinated (Maluf et al., 2005, Mishra et al., 2011, Chaparro et al.,
2004, Gichimu and Omondi, 2010). Selfing in plants promote homozygosity (Allard, 1999).
Historical evidence have suggested that C. Arabica originated from a very few parents within
a narrow geographic origin (Hue, 2005). The narrow geographic origin of C. arabica means
that the varieties could be related and uniformity is expected. In addition, adoption of coffee as
a crop have resulted in continuous selection where only varieties with desirable characteristics
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such as high yielding potential and resistance to diseases were adopted by farmers, while the
undesirable varieties were discarded (Prasad et al., 2011). This continuous selection has
resulted
in production of true breeding varieties which are homozygous (Gichimu and Omondi,
2010).Uniformity in morphological characteristics of coffee was also reported by (Gichimu
and Omondi, 2010) where variation in coffee was 25% only. Continuous selection in coffee
may therefore lead to reduction in genetic diversity from the current state. There are therefore,
higher risks of crop loss from pests and diseases. From a breeding standpoint, it is very
important to consider genes in other species of coffee to widen the genetic base (Kumar et al.,
2011). (Bremer B. and A., 1996) reported that the variation in morphological traits in coffee is
very low, and the little variation was as a result of a spontaneous mutations in leaves, stems,
shoots, fruits and seed.
CONCLUSION/ RECOMMENDATIONS
This is the first study in reporting genetic diversity of coffee in Zimbabwe using morphological
markers. The study revealed a low genetic diversity in coffee for both qualitative and
quantitative traits. Some varieties such as SL28, Selection 6, Mundo Nova and K7 were found
to be high yielding under suitable conditions. Coffee in Zimbabwe can be grouped into two
major clusters, one with giant varieties and the other with dwarf varieties. There is, therefore,
need for coffee introductions from centres of genetic diversity, as well as maintaining the
genetic resources in the country, which are no longer being used, but represent a good source
of materials for further breeding programs.
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ABSTRACT
A study was conducted to investigate the prevalence of coffee insect pests in coffee
intercropped with banana. The trial was laid out in a randomized complete block design with 4
treatments replicated 3 times. Leaf Miner (Leucoptera meyricki) and Antestia bug (Antestiopsis
orbitalis) were the two most prevalent coffee insect pests in the trial plot at 39.05% and 40.63%
respectively. Mono-cropped coffee (control) gave significantly (p<0.05) higher Leaf miner
and lower Antestia bug infestation than intercropped treatments. There was a weak positive
correlation between intercropping density and Antestia bug (r = 0.391). However, there was a
strong negative correlation between intercropping density and Leaf miner (r = -0.906).The
study showed that Leaf miner favours light and higher temperatures whilst Antestia bug favours
shaded conditions. If well managed, intercropping can therefore be incorporated into IPM
programmes for the management of coffee insect pests.
Key Words: Intercrop, Banana, Coffee, Infestation, Integrated Pest Management
1. INTRODUCTION
Banana (Musa spp.) and coffee (Coffea Arabica L. and Coffea canephora) production forms
the economic base for many smallholder farmers in the world (Van Asten et al., 2011; Jassogne
et al., 2012; Wairegi et al., 2014). The two crops which are grown either as mono- or intercrop
complement each other in terms of socio-economic benefits to the farmer. Coffee is mainly 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 farmer (Van Asten
et al., 2011; Jassogne et al., 2012). Intercropping coffee with annual crops such as sugar beans,
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soyabean, ground nuts, maize, rice, pepper, ginger and perennial crops such as bananas,
mangoes, avocado pears is a common practice especially in the smallholder coffee sector of
different countries (Wairegi et al., 2014; Logan and Biscoe, 1987; Crombony, 1992; Onsongo,
1997; Njoroge, 2000; Omotoja, 2008; Elevitch et al., 2009). Some of the major reasons for
intercropping coffee with other crops are shortage of land (Van Asten et al., 2011; Onsongo,
1997), provision of food and cash from the same piece of land (Wairegi et al., 2014; Bongers
et al., 2012). 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
(Logan and Biscoe, 1987). However, the effect of such farming practice is currently a farmer’s
guess in Zimbabwe. Investigations into the effects of coffee intercropping systems have
produced mixed results for different crops across the world (Van Asten et al., 2011; Jassogne
et al., 2012; Njoroge, 2000; Elevitch et al., 2009, Beer et al., 1998; Opoku-Ameyaw et al.,
1999; Youkhana and Idol, 2011; Bote et al., 2011; Baliza et al., 2012; Snoek et al., 2012;
Sorratto, 2013; Mithano, 2014; Van Asten et al., 2012; Kutywayo, 2014; Amaral et al., 2010;
Jassogne et al., 2013; Mugo et al., 2011; Grafton et al., 2016; Souza et al., 2014; Abebe, 1999;
Alemu, 2015; Mugo et al, 2015; Van Asten et al., 2015).
Factors such as cropping system, number of shade trees per ha and coffee density had an
influence on pest and disease dynamics in a coffee system whilst banana mats per hectare had
no influence on the incidence of insect pests and diseases (Van Asten et al., 2012). However,
more Twig borers and less White stem borers were observed with more shade trees. Altitude
was found to be an overriding factor in predicting incidences of the White stem borer (Van
Asten et al., 2012). The increase in plant diversity did not affect the attack of Leaf miner on
coffee leaves and the mine parasitism rate (Amaral et al., 2010). However, there was a positive
and significant relationship between increasing plant diversity and coffee leaf miner predation
by wasps on unshaded coffee system and a negative relationship on shaded coffee system. In
Kenya, incidences of Leucoptera spp, Hypothenemus hampei,Ferri and Diarthrothrips coffeae
Williams, were significantly higher under un-shaded coffee than under shaded coffee (Mugo et
al., 2013). However, Antestiopsis spp was higher under shaded coffee than un-shaded coffee in
the same study.
One major advantage of intercropping coffee with bananas is that bananas are not secondary
hosts of pests and diseases of coffee, as is the case with certain agroforestry trees. Banana503

shaded coffee was found to experience 50% lower incidence of Coffee Leaf Rust (Hemileia
vastatrix) and Black Coffee Twig Borer (Xylosandrus compactus) compared to tree-shaded
systems (Mugo et al., 2013). White Stem Borer is active in mono-cropped coffee which in turn
provides ideal conditions for the spread of the pest to the neighbouring plants. The activity of
borer beetles is stifled at cooler temperatures (Alemu, 2015). Providing uniform shade is
therefore, one of the major mechanisms for the effective management of the White Stem Borer.
Besides providing unfavourable conditions for White Stem Borer, the shade trees are also
reported to harbour a variety of predatory birds and natural enemies of white stem borer thus
contributing towards natural and biological control of the pest (Alemu, 2015).
Although intercropping of coffee and banana is a common practice in the smallholder sector of
Zimbabwe, there are no scientifically proven recommendations for the practice. Development
of a comprehensive, 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 (Jassogne et al., 2012). This study was undertaken to generate some information
on the most prevalent insect pests in coffee-banana intercropping systems in the smallholder
sector of Zimbabwe.
2. OBJECTIVES
To determine the effect of intercropping coffee with bananas on incidences of coffee insect
pests (Antestia bug and Leaf miner).
3. MATERIALS AND METHODS
3.1 Trial site
The trial was established in 2009 at Coffee Research Institute, Chipinge (20o12S and 32o37E)
at an altitude of 1100m above sea level. The average annual rainfall at the site is 1180mm 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
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orthoferralitic group derived from Umkondo quartzite and sandstones and are leached and
strongly weathered (Logan & Biscoe, 1987; Thomson & Purves, 1981).
3.2 Trial layout and treatments
The trial was laid out in a Randomised Complete Block Design (RCBD) with 4 treatments
replicated 3 times. Coffee was planted in standard holes (45cm x45cm x 45cm) at a spacing of
2.5m x 2m and Catimor 129 was used as the test variety. Bananas were planted at an in-row
spacing of 2m and inter-row spacing varied from 2m (Treatment 2), 4m (Treatment 3) and
6m(Treatment 4). Gran Nain, a tissue culture product from South Africa was the banana variety
grown. The treatments used in the trial were (1) Coffee monocrop (Control), (2) 1 row coffee
between 2 rows of bananas, (3) 2 rows of coffee between 2 rows of bananas and (4) three rows
of coffee between two rows of banana. Each plot comprised of 15 coffee covas and 12 banana
mats. Data was collected from 3 central covas. Bananas were regularly thinned to leave 3 plants
per station and pruned once a year as practiced by smallholder farmers.
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Figure 1: Layout of the treatments in trial plots in the field
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3.3 Data collection
Data on pest incidences was collected on a weekly basis in summer and on a fortnightly basis
in winter. Data was collected from the three central covas in each plot (6 coffee plants) between
0830 and 0900hours in the morning.
(a)Leaf miner (Leucoptera meyricki)
Twelve leaves (4 at top, 4 in the middle and 4 at the bottom of each cova) were assessed for
Leaf miner damage (young and mature active mines). Number of young and mature active
mines was recorded.
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(b) Antestia bug (Antestiopsis orbitalis Bechuana)
Number of nymphs and adults per cova was counted and recorded.
( c) Other pests
For Snout beetles (Systates spp.), adult beetles were counted. For White stem borer
(Monochamus leuconotus), ring barking, frass or adults were recorded as presence of the pest
per cova. For Berry moth (Prophantis smaragdina, Butler), larvae or damaged berries were
recorded as presence of the pest per cova. For Mealy bug (Planococcus citri), number of
crawlers and/or clusters was recorded.
3.4 Data analysis
One way analysis of variance (ANOVA) was performed on square root-transformed insect pest
data for most prevalent insect pests (Antestia bug & Leaf miner) using Genstat 14th edition
(VSNI, 2011). Where significant differences were observed the means were separated using
Fisher’s Protected LSD test. A correlation analysis was performed between banana density and
insect pest infestation and between insect pests and coffee yield. ANOVA was not used to
analyse less prevalent pests.
4. RESULTS
4.1 Effect of intercropping on the prevalence of coffee pests
The two most prevalent insect pests that were observed in the trial plot were Antestia bugs,
40.63% and Leaf miner, 39.05%. The less prevalent insect pests comprised of Snout beetles
(Systate sp.), 10.15%. Green scales, 3.12%, Leaf skeletonizers, (Papilio demodocus)1.63%,
White

stem

borer,

(Monochamus

Lueconotus),1.44%,

Green

tortrix,

(Archips

occidentalis),1.13%, Berry moth, (Prophantis smaragdina, Butler), 0.92%, Mealy bug,
(Planococus citri)0.38%, White wax scales,(Ceroplastes brevicauda Hall), 0.38%, Stinging
caterpillar, (Astatoph nubilata), 0.27%, Red tortrix, 0.31%, Jelly grub (0.18%), Giant looper,
0.12%, Tip wilters (0.12%), Bag worm (0.06%), Stinging caterpillar (0.06%), Brown scale
(0.02%) and Stink bugs (0.02%). The least prevalent insect pests were missing from the trial
plot in some seasons and were not further analysed.
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4.2 Effect of intercropping on Antestia bug &Leaf miner
There were significant differences in Antestia bug incidences due to intercropping during the
second year of assessment (p< 0.05; Figure 2). The highest number of Antestia bug was
recorded in lowest intercropping density. There was a weak positive correlation (r = 0.391)
between banana density and Antestia bug infestation. There were significant differences in Leaf
miner infestation due to intercropping during the second (2014) and third year (2015) of
assessment (p<0.05; Figure 3).The highest infestation was recorded in the control
(Monocropped coffee) which were not significantly different from treatment 4 (3 rows coffee
between 2 rows of bananas). There was a strong negative correlation (r = -0.906) between
banana density and Leaf miner infestation. Leaf miner decreased with increased banana
density.

Figure 2: Infestation levels of intercropped and monocropped coffee by Antestia bug (a) and
leaf miner (b).*Bars with the same letter are not significantly different from each other.
4.3 Antestia bug and Leaf miner trends
There was overally a decline in Antestia bug infestation from 2012 to 2015 and from the highest
banana density intercropp to monocropped coffee (Figure 3a). Leaf miner infestation increased
from 2012 to 2015. Infestation also increased from monocropped to intercropped coffee (Figure
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3b).

Figure 3: Leaf miner infestation levels in inter- and monocropped coffee between 2012 and
2015.
4.6 Relationship between Antestia bug, Leaf miner and coffee yield.
There was a weak negative correlation (r = -0.177) between Antestia bug infestation and coffee
yield. An increase in number of Antestia bug per cova by one Antestia bug would result in a
decrease in coffee yield by 4.03kg/ha (Figure 4a). However, there was a very strong positive
correlation (r = 0.959) between Leaf miner infestation and coffee yield (Figure5)

Figure 6: Relationship between Antestia bug (a), Leaf miner (b) and coffee yield.

508

DISCUSSION
Most of the coffee insect pests observed in the study are the same with those observed in similar
studies in different coffee growing regions of the world (Van Asten et al., 2012; Amaral et al.,
2010; Jassogne et al., 2013; Mugo et al., 2011; Grafton et al., 2016). However, contrary to
findings from this study, Leaf miner was the most prevalent insect pest in the studies in Uganda
(Amaral et al., 2010; Jassogne et al., 2013). In one of the studies, the density of banana mats
per ha in the intercrop did not affect the presence of pests and diseases in the plots where coffee
was intercropped with banana (Van Asten et al., 2012). This could be attributed to differences
in intercropping system, weather conditions and altitude.
The study showed that Antestia bug infestation increased with dense intercropping in
agreement with findings by other workers (Mugo et al., 2013). Although Antestia bug had no
consistent infestation pattern between 2012 and 2015, on the overall it decreased from
intercropped to monocropped coffee and from 2012 to 2015. The decrease in pest incidence
could be attributed to the increased temperature and exposure to sunlight given that Antestia
bug favours shaded conditions. Intercropping mimics un-pruned coffee which encourages rapid
Antestia bug multiplication and low parasitism levels (Mugo et al., 2013). Lack of a consistent
pattern in Antestia bug infestations could be attributed to chemical control sprays, egg
parasitism and biological control by natural enemies encouraged by intercropping.
Leaf miner had a strong negative correlation with banana density. The study showed that Leaf
miner favours light and higher temperatures in agreement with findings by (Van Asten et al.,
2012; Amaral et al., 2010; Grafton et al., 2016). However, contrary to our findings, Citrus leaf
miner populations were found to be suppressed by summer heat in the inland areas of
California, but in cooler coastal areas, the insect population could remain high from summer
through fall (Grafton et al., 2016). Contrary to tindings in this study, Leaf miner was found to
be negatively affected by increase in number of Grevillia trees (Souza et al., 2014).
Intercropping coffee with bananas can be used by coffee farmers to manage Leaf miner
infestations. Leaf miner increased between 2012 and 2015 possibly due to increased
temperatures. Given the predicted continued increase in temperatures due to climate change,
farmers should therefore be more prepared to manage potential outbreaks of Coffee Leaf miner
in the future.
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The fact that Antestia bug had a negative correlation to coffee yield implies that the pest is of
more economic importance and should be given more attention than Leaf miner.
Leaf miner had a positive correlation with coffee yield. Given the negative effect of Leaf miner
damage on photosynthetic area of the plant, the positive relationship was probably due to the
fact that the two variables are positively influenced by increased temperatures.
CONCLUSIONS AND RECOMMENDATIONS
Intercropping coffee with bananas encourages multiplication of Antestia bug, but discourages
Leaf miner proliferation. Intercropping can therefore be incorporated in IPM programmes to
manage pests that favour light and high temperatures such as Leaf miner. However, given the
fact that intercropping encourages proliferation of Antestia bug in coffee, the decision to
intercrop coffee with bananas should therefore be made with the consideration of the most
sustainable insect pest management option in mind. More work still needs to be done at
different sites and under different conditions for more conclusive results.
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ABSTRACT
Zimbabwean farmers have to continue producing a good quality product that is free from
aflatoxin contamination or is below the maximum acceptable levels of aflatoxin contamination
in order to export chilli. Four chilli varieties, African bird’s eye, Baby bird’s eye, Serenade and
Bishops crown are available on the local market. Chilli destined for the export market was free
from aflatoxin contamination. Chilli on the local market contained AFB1 and AFB2 both at an
average of 6ppb. Drying chilli in Marondera using 3 different methods gave a significant
difference (P<0.05) in total aflatoxin levels and days needed for drying. Different packaging
treatments used did not have a significant effect (P>0.05) on any of the quality parameters
measured or on total aflatoxin levels. The combined effect of drying method and packaging
material did not have a significant effect on total aflatoxins, ascorbic acid content, pH and
moisture content of the dried chilli.
Key Words: aflatoxin, African Birds eye, chilli, dryer, packaging, Capsicum frutescens
1. INTRODUCTION
The chilli (Capsicum frutescens) is a plant native to Mexico but is now being grown in many
countries around the world including Zimbabwe. Chilli is used as a spice and due to its
pharmacological properties it is also used in medicine (8). Worldwide red chillies are becoming
popular as they are used extensively in blended spices (6). Chilli can also be used in the control
of pests and diseases and in integrated pest control (IPM) programmes. Chilli is also a good
source of vitamin A, C and E and it is also known to improve the digestive system.
In Zimbabwe, interest in the production of the crop is on the rise as smallholder farmers have
been assisted to enter the lucrative export market of Tabasco® chillies by the Better Agriculture
Company (BAC). In Zimbabwe this company is working with farmers in and around Masvingo
and Chiredzi. The Tabasco® chilli project aims to improve the livelihoods of rural farming
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communities in Africa through sustainable business development (9). Zimbabwean farmers are
now producing Tabasco® chillies and African bird’s eye chilli for both the local and export
market.
Currently, Zimbabwe is ranked number 94 in world production of chilli, and the tonnage
produced has increased from 100 tonnes in 1990 to 1994 tonnes in 2011 (4). Other organisations
involved in promoting chilli production in Zimbabwe include the International Rescue
Committee (IRC), Agritex and the Swedish International Development Agency (SIDA). The
Zimbabwe Agricultural Income and Employment Development (Zim-AIED) program is also
assisting farmers to produce African bird’s eye chilli, Tabasco® chillies and cherry peppers for
export. During the period from January to March 2013, Zim-AIED assisted farmers to export
176 tonnes and 4.6 tonnes of Tabasco® chilli and African bird’s’ eye chilli through BAC. This
produce was exported to South Africa and the European Union for further processing (5).
The EU is currently lobbying for a reduction in the maximum acceptable levels of ochratoxin
A (OTA) in chillies. OTA is a mycotoxin produced by Aspergillus ochraceus, Aspergillus
carbonarius and Penicillium verrucosum. The OTA limits might be reduced to 15µg/kg instead
of the current 30µg/kg. This will be effective from 1 January 2015 if the legislation passes (2).
The passing of this legislation will make it very difficult for chilli producers in tropical areas
to export to the EU as their climate promotes both aflatoxin and ochratoxin development.
Tropical regions are characterised by high humidity and high temperatures, conditions that
favour fungal growth and mycotoxin production.
Zimbabwean chilli farmers have been availed the opportunity to enter the lucrative export
market and in order to keep their market share they need to continue producing a high quality
product. There is also potential to enter the European market if the required standards are met.
One of the most important quality attributes for chilli is the absence of aflatoxin contamination.
In the European Union, for example, the maximum acceptable level of AFB1 and total
aflatoxins in red chilli is 5 and 10µg/kg respectively (3).
Zimbabwean farmers therefore need to be provided with information on aflatoxin management
in chilli and chilli products. Information needs to be provided on the ideal drying conditions
and packaging materials that can be used in order to prevent aflatoxin contamination or to at
least keep it at levels below the maximum acceptable threshold levels.
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2. OBJECTIVES
The objectives of the study were:
a) To determine the effect of drying method on quality and incidence of aflatoxins on
chillies
b) To determine the effect of packaging material on quality and incidence of aflatoxins in
chillies during storage
3. METHODOLOGY
The experiment was conducted at the Horticultural Research Institute (HRI) in Marondera. HRI
is located at an altitude of 1630m a.s.l, latitude 18o11’ S and longitude 31o28’ E. The experiment
was conducted from the end of March 2014 to the end of June 2014.
The chilli used in this experiment was dried using sun drying, solar cabinet drying or oven
drying. The aflatoxin levels of the chilli and the moisture content were determined before the
chilli was put into the different packaging treatments.
3.1 Drying Methods Used
The sun drying treatment was carried out on a slanting aluminium rooftop. The chilli was
spread out in a single layer and the drying was carried out from 8am to 4:30pm daily until the
chilli was dry. In the evening the chilli was placed in plastic crates and stored indoors.
The oven drying treatment was done using a Genlab OV/75/SF oven. The Genlab oven uses
circulating hot air to dry the produce. The oven has three wire rack shelves and the chilli was
spread out in a single layer on each of these three shelves. The chilli was dried at a temperature
of 65oC for 12 hours, with the oven door left partially open in order to prevent cooking of the
chilli.
The solar cabinet dried chilli was dried using a three shelf cabinet solar dryer model with a
solar collector and a chimney. Drying was carried out from 8am to 4:30pm daily until the chilli
was dry. The chilli was removed from the drier at sunset, placed in plastic crates and stored
indoors overnight.
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In all three treatments the chilli was dried until it obtained a crisp texture and made a rattling
sound when shaken. The chilli trays were rotated regularly inside the dryer in order to ensure
that the chilli dried evenly. The moisture content of the dried product was recorded. Moisture
content of the chilli was measured using a moisture analyser (MOC63u, Shimadzu Moisture
Analyser). The moisture analyser was set to measure moisture at a temperature of 120oC.
During the drying period the samples were visually checked daily for mould development. The
other parameters monitored included the daily temperature readings, the number of days taken
to dry each sample and the weight of the sample after the drying period. Colour changes were
monitored using visual assessment.
The dried chilli sample from each drying method was then divided into four equal portions by
weight, and these were randomly assigned to each packaging material. The four packaging
treatments were hessian bags, plastic lined hessian bags, khaki paper packaging and reed
baskets. The control was the hessian bags.The hessian bags used measured 42cm in length and
35cm in diameter. The plastic lined hessian bags had a plastic layer sewn in on the inside of the
bag. The khaki bags measured 33cm in length and 23cm in width. The reed baskets were 26cm
in diameter and 12.5cm deep.
The samples were stored in the laboratory at room temperature. Daily recordings of
temperature and humidity were taken in the laboratory. The readings were taken using a wet
and dry bulb thermometer. Samples were taken at monthly intervals for a period of three months
and were checked for mould development and for aflatoxin contamination.
Moisture content, pH and ascorbic acid content were also measured as quality parameters.
Moisture content of the chilli was measured using a moisture analyser (MOC63u, Shimadzu
Moisture Analyser). Moisture content was measured at 120oC. pH was measured using a
Jenway pH meter 3310. Ascorbic acid content was measured using the iodine titration method.
This experiment was set up as a 3x4 factorial and the data obtained was analysed using the
statistical package GenStat discovery edition 3. The data was analysed using a two way
ANOVA with randomised blocks.
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4. RESULTS
The average minimum temperature recorded during the three month storage period was 15.8oC
while the average maximum temperature was 20.9oC. The average relative humidity was 58%.
The results obtained on the parameters measured are summarised in Table 1.
4.1 Ascorbic acid content
There was a significant effect (P<0.001) of drying method on ascorbic acid content of the dried
chillies (Table 1). The highest ascorbic acid content was recorded with chillies dried using the
solar cabinet dryer but it did not significantly differ when the chillies were sun dried. A
significantly lower ascorbic acid content in the dried chillies was recorded when the chillies
were oven dried than when they were dried directly in the sun or in the solar cabinet dryer.
Packaging did not cause a significant interaction (P>0.05) in ascorbic acid concentration in the
dried chillies. No significant interaction (P>0.05) was observed between drying method and
packaging material on the ascorbic acid concentration of the chilli (Table 1).
4.2 Moisture Content
The different drying methods produced a significant effect (P<0.001) on the moisture content
of the dried chillies. The highest moisture content was recorded when the chillies were dried
directly in the sun but it did not significantly differ to when the chillies were dried in the solar
cabinet dryer. The moisture content recorded when the chillies were oven dried was
significantly lower than when the chillies were dried directly under the sun or in the solar
cabinet dryer. Packaging did not cause a significant interaction (P>0.05) in moisture content of
the dried chillies. No significant interaction was observed between drying method and
packaging material on the moisture content of the chilli (Table 1).
4.3pH
There was a significant effect (P<0.001) of drying method on the pH of the dried chillies. Sun
dried chillies recorded the highest pH but it did not significantly differ when the chillies were
dried in the solar cabinet dryer (Table 1). A significantly lower pH was recorded when the
chillies were oven dried than when they were dried directly under the sun or in the solar cabinet
dryer. Packaging did not cause a significant interaction (P>0.05) in pH of the dried chillies. No
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significant interaction (P>0.05) was observed between drying method and packaging material
on the pH of the dried chillies (Table 1).
4.4 Aflatoxins
The different drying methods produced a significant effect (P<0.001) in the total aflatoxin
levels of the dried chillies after three months in storage. The highest aflatoxin level was
recorded in the chillies that were dried using the solar cabinet dryer and these were significantly
different to the total aflatoxin levels recorded when the chillies were dried directly under the
sun (Table 1). No aflatoxins were recorded in the oven dried chillies. Packaging did not cause
a significant interaction (P>0.05) in total aflatoxin levels of the dried chillies. No significant
interaction (P>0.05) was observed between drying method and packaging material on the total
aflatoxin levels of the chillies (Table 1).
4.5 Effect of time in storage
There was no interaction observed between time in storage and packaging material on moisture
content, pH and ascorbic acid content. However as the time in storage increased up to 3 months
there were significant differences observed in the moisture content, pH and ascorbic acid
content of the chilli. Interaction between time in storage and drying method used produced a
significant difference (P <0.001) for moisture content and for ascorbic acid content (P<0.007).
A similar interaction was observed for pH
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Table 1: Effect of drying method and packaging material on quality parameters and
aflatoxin levels in chilli
Treatment

Ascorbic Moisture pH
acid
Content
content
(%)
mg/100g

Drying Method
Sun drying
Oven drying
Solar cabinet drying
p – value
l.s.d
%cv
Packaging Material
Reed Basket
Khaki Packaging
Hessian bag
Plastic lined hessian bag
p – value
l.s.d
%cv

Aflatoxin
levels
(ppb)

22a
13.58b
24.75a
<0.001
3.169
9.8

7.977a
7.003b
7.765a
<0.001
0.3586
8.5

5.112a
4.878b
5.092a
<0.001
0.1030
2.5

5a
0b
7.33c
<0.001
1.131
25.7

19.11

7.761

5.094

4.22

18.72
20.39
22.22
0.218
3.659
9.8

7.729
7.538
7.299
0.109
0.4141
8.5

4.989
4.988
5.037
0.230
0.1189
2.5

4.11
4
4.11
0.988
1.306
25.7

0.221
ns
18.6

0.830
ns
5.6

0.415
ns
2.4

0.963
ns
32.5

Drying method x packaging material interaction

p – value
l.s.d
%cv

As time in storage increased the moisture content increased up to the second month in storage.
After three months in storage the moisture content had gone down. A similar trend was
observed for all the packaging treatments utilised. These trends are shown in Figure 1 and
Figure 2
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9

Moisture content (%)

8.5
8
Reed basket

7.5

Khakhi bag

7

Hessian bag
6.5
Plastic lined
hessian bag

6
1

2

3

Months in storage

Figure 1: Change of moisture content with increasing time in storage
5.25
5.2
5.15

pH

5.1
Reed basket

5.05
5

Khakhi bag

4.95

Hessian bag

4.9

Plastic lined
hessian bag

4.85
4.8
1

2

3

Months in storage

Figure 2: Change of pH with increasing time in storage
No signs of insect damage were observed on the dried chilli in all the four packaging
treatments.
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5. DISCUSSION
No interaction between drying method and packaging material was found for all the quality
parameters analysed. This means that under the storage conditions experienced during the three
month period the different packaging materials did not affect the quality attributes. The quality
attributes were determined by the drying method used and all the packaging materials managed
to maintain those attributes in a similar manner.
Time in storage did show significant differences in moisture content and ascorbic acid content.
Research done in India showed that biochemical constituents of cold stored chilli such as
ascorbic acid decrease gradually with increasing time in storage (7). This agrees with the results
obtained in this study which also showed a gradual decrease in ascorbic acid content.
The moisture content increased slightly in the first month in storage and then decreased. This
low moisture content could be the reason why the aflatoxin levels did not increase. Foods with
low moisture content generally have a low water activity (aw) which is a measure of the amount
of free water in a food that can support the growth of moulds and bacteria. Water content and
water activity have a nonlinear relationship that shows that at a given temperature and pressure
as water activity increases the water content also increases (10). Research done on the
Ethiopian red chilli variety ‘Marekofana’, on moisture sorption isotherms revealed the
relationship between moisture content and water activity (10).
Using that data it can be suggested that at the low moisture content that the chilli was dried to
(4.4% for oven dried chilli), the water activity was low enough to prevent the colonisation of
the chilli by the fungi. The solar dried (5% moisture content) and the sun dried chilli (4.3%
moisture content) were contaminated during drying but the water activity was then reduced to
a point where it inhibited the further development of the Aspergillus flavus. The different
packaging materials maintained the moisture content at levels that were low enough to inhibit
aflatoxin production.
The aflatoxin levels did not change significantly over the three month storage period. This
could be explained by the temperature and humidity conditions under which the chilli was
stored. The average minimum temperature recorded was 15.8oC while the average maximum
temperature was 20.9oC. The average relative humidity was 58%. Aflatoxin contamination is
favoured by warm humid conditions. It has been proven that aflatoxin causing fungi do not
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favour cool climates (1), and this could be why the dried chilli that was stored when it was
aflatoxin free did not get contaminated during storage.
6. CONCLUSION
It can therefore be concluded that under the cool climatic conditions experienced in Marondera,
African bird’s eye chilli should be oven dried in order to avoid aflatoxin contamination. When
stored under cool, dry conditions dried chilli can be safely stored in reed baskets, plastic lined
hessian bags, hessian bags or khaki packaging for up to three months without becoming
contaminated with aflatoxins
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ABSTRACT
Biofumigation is increasingly used as an alternative control method for soilborne pathogens.
This method exploits toxic compounds, isothiocyanates (ITCs), which are released during the
breakdown of Cleome gynandra plant tissues. These hydrolysis products are volatile and often
reactive compounds. The pesticidal activity of C. gynandra plant tissue was evaluated using a
rate of 0 %, 5 % and 10 % per weight of plant tissue on a weight to volume basis (v/w) level
of green and purple spider plant (C. gynandra), together with the chemical Ortivar®, Uniform
and non- chemical and no pathogen control treatment. The results showed that the incidence
and severity of Rhizoctonia solani on tomato and sweet pepper seedlings decreased in their
response to the different C. gynandra plant tissue rates and chemicals. This study provides
important information for choosing a biofumigant and a chemical for the purpose of managing
soilborne pathogens. More work still needs to be done to come up with conclusive results.
Key Words: Pesticidal, Soilborne, glucosinolates, isothiocyanates, Cleome gynandra,
Rhizoctonia solani.
1. INTRODUCTION
Rhizoctonia species are soilborne fungi that are the causal agent of “damping-off” in numerous
agriculturally important crops. Rhizoctonia species possesses a broad range of potential hosts
that include 500 plant species in more than 100 families worldwide. Damping–off results in
yield losses in more than 200 crops globally (1; 2). The widespread soil borne pathogen
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Rhizoctonia solani is responsible for the serious damage to many economically important
agricultural and horticultural crops as well as trees worldwide (1; 2; 3). Strategies to control
soilborne diseases are limited because of their ecological behaviour (2). Rhizoctonia solani
have an extremely broad host range and they have a high survival rate of sclerotia under
various environmental conditions (2). Synthetic fumigants, such as methyl bromide, have been
banned in developing countries after 2015. This has made crop control against soil borne
pathogens difficult (4; 5; 6; 7). However, efficient strategies to control the pathogens are
urgently required since there are also no cultivars of crops with complete resistance at present.
On the other hand, increasing use of chemical inputs causes several negative effects, such as
the development of pathogen resistance to the applied agents and their non-target
environmental impacts (3; 8; 9).
A growing awareness of the safe use of pesticides and how they impact on human health and
on the environment has spawned research into the development of effective biocontrol agents
to protect crop against diseases (10). However a variety of disease management methods can
be implemented to control the damage caused by plant pathogenic fungi. The increase in
awareness of the health of agricultural workers and the environment has resulted in a desire to
shift away from the reliance on chemical means of disease control to biologically based nonhazardous methods (10; 11; 12; 2). The incorporation of Brassica plant residues into soil is a
biologically-based alternative strategy to the use of hazardous soil fumigants for control of
weeds and numerous soil-borne pathogens, (10; 13; 14; 15; 16; 17).
Glucosinolates have been demonstrated to be highly biocidal (18; 11; 19). Products formed
from glucosinolate hydrolysis, the volatile isothiocyanates (ITCs), biocidal activity (20; 21; 22;
23). However, there is need to uncover a greater in-depth knowledge of using biofumigation to
suppress soil-borne pathogens (Rhizoctonia species) that infect plants using Cleome gynandra
green manuring (bio-fumigant). This will circumvent the high cost of chemical control to smallholder farmers and it will be an alternative environmentally friendly method in the fight against
soilborne pathogens. The objective of the study was to determine the efficacy of Cleome
gynandra plant tissue biofumigation on the suppression of soil-borne pathogen (Rhizoctonia
solani) in greenhouse grown tomato and sweet pepper plants.
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2.0 METHODOLGY
2.1 Study site
The research was carried out at Horticulture Research Centre (180 11' S and 310 28' E), which
is in agro-ecological region IIa located at an altitude of 1630 m above sea level. Horticulture
Research Centre has an average day-length of 13.2 hours in summer and 11.1 hours in winter
(24; 25). 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. Mean minimum
temperature ranges from 19.5 0C (July) to 24.6 0C (January). Hot summer is between September
and December with October being the hottest month of the year with maximum temperatures
above 30 0C. Slightly more than two thirds of the total rainfall normally falls during the months
of December, January and February (24).
2.2 Materials and Methods
2.2.1 Cleome gynandra accessions glucosinolate profiling
Cleome gynandra accessions seed was collected from the Horticulture Research Centre Gene
Bank, in Marondera. Two types of Cleome gynandra, the green-stem Cleome gynandra and
purple-stem Cleome gynandra. Five seeds from each accession were sown in a 5 litre pot. The
plants were the thinned to 1 plant per pot by selecting the most vigorous plant. At full flowering
time, the plant above ground biomass was harvested, weighed, deep frozen at −800C and
subsequently freeze dried in an Edwards Minifast freeze-drier (from −40 0C to +18 0C in 8
hours with a vacuum of 10−1 mbar). The freeze-dried material were homogenised in a mortar,
ground into fine powder and stored at 25 0C. The glucosinolate content of the C. gynandra
plant tissue was determined.
2.2.2 The efficacy of C. gynandra green manuring on the incidence and severity of
Rhizoctonia solani AG1 1A on tomato and sweet pepper seedlings.
A tomato variety, Daniella, and a pepper variety, Califonia wonder, were used in this study.
Rhizoctonia solani AG1 1A strain virulent to both tomato and pepper was provided by the
Kustaga Research Station Plant Pathology Clinic, in Harare. The strain was cultured on a semiselective medium at 25 0C for 5 days. Soil collected from Horticulture Research Center, was
pasteurized at 80 0C degrees celcius for 24 hours prior to use in the experiment.

527

Sterile plastic pots (17 cm in diameter by 25 cm long and 10 cm wide) were filled with
pasteurized soils (1 kg) and then 10 discs R. solani agar plugs (5 mm diameter) were added to
1kg of soil. The inoculated soil was incubated for 7 to 10 days before the C. gynandra plant
tissue amendment and chemical treatment.
The C. gynandra plants grown as described previously were harvested at flowering stage and
ground using a coffee blender. Pasteurized soil was weighed and ground C. gynanadra tissue
was applied at a rate of 5 %, 10 % and 15 % (w/v) as per treatment and dispensed into plastic
containers for each treatment. The plants were then planted therafter. A no amendment
treatment in pathogen inoculated soil and a no amendment treatment in non-inoculated soil
were used as controls. Two chemical controls Ortivar® and Uniform were also used at rate 30
ml per 3 liters water for Ortivar®; and 60 ml and 80 ml per 3 liters water for the chemical
Uniform which is not yet registered in Zimbabwe. Ten R. solani AG1 1A colonized PDA discs
were placed in soil at a depth of 10 cm below the surface. Controls were made up of soil without
C. gynandra plant tissue amendment. In addition, due to known phytotoxicity of glucosinolate
containing tissue which may be mistaken for disease effect, C. gynandra tissue amendment
treatments with no pathogen inoculum were included to differentiate between the growthlimiting effect arising from the pathogen and that from potential phytotoxicity of the tissue
amendment.
Each treatment was made up of two containers, which were replicated four times and arranged
in randomized complete block design. The pots were suspended in racks, covered with clear
polyethylene to prevent the soil from drying, and incubated undisturbed for 7 to 10 days at 25
0

C in a plastic tunnel to allow R. solani colonization of the soils. Each pot was watered with

distilled water immediately after planting and an additional 10 ml after 7 days.
2.3 Data collection and analysis
Tomato and sweet pepper seedling growth on root length, number of root tips per plant, root
diameter and disease damage at 28 days after planting was collected. The study was repeated
three times. Root systems from surviving seedlings per treatment per each study were
measured. A ruler was used to measure the total root length, a set of vennier callipers was used
to determine the diameters and a count of number of root tips was done manually. Rhizoctonia
solani AG1-1A in the soil and plant roots from each treatment were quantified by scoring the
severity using a scale of 1 to 9. 1 being a healthy root system and 9 being a dead plant. Data
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was analyzed using the analyses of variance using Genstat 17th edition (26). Significant
differences between treatments means were examined using Fishers protected LSD multiple
range test.
3. RESULTS
C. gynandra glucosinolate content analysis done in this study showed that it contained total
glucosinolate content of 19 and 7 µmol g-1 for purple stem C. gynandra accession and green
stem C. gynandra accession respectively. The primary glucosinolate in both the green and
purple stem C. gynandra is methyl-glucosinolate.
The green spider plant (C. gynandra), and purple spider plant (C. gynandra) at rates 0, 5, 10,
15 % w/v, and the chemical control Ortivar®, Uniform, a non- chemical and no pathogen control
and a non -chemical inoculated with Rhizoctonia solani control had significant effects on
tomato root diameter and disease damage (p < 0.05). The green spider plant (C. gynandra), and
purple spider plant (C. gynandra) at rates 0, 5, 10, 15 % w/v, and the chemical control Ortivar®,
Uniform, a non- chemical and no pathogen control and a non -chemical inoculated with
Rhizoctonia solani control also had significant effects on sweet pepper root diameter and
disease damage (p < 0.001) seedlings (Table 3.1). There were significant effects noted on
tomato (p < 0.01) and on sweet pepper seedlings (p < 0.001) inoculated with Rhizoctonia solani
on disease damage (Table 1). The application of C. gynandra reduced the incidence and
severity of disease damage on both tomato and sweet pepper and it was comparable to the
control Ortivar® and Uniform. An increased rate of both the purple and green C. gynandra (10
and 15 % plant tissue respectively) had a phytotoxic effect of both tomato and sweet pepper
(Table 2). The higher rate to the chemical Uniform (80 ml/3 L) also had a phytotoxic effect on
both tomato and sweet pepper seedlings (Table 2). The control Ortivar and a lower rate of
chemical Uniform (60 ml/3L) proved to be effective in reducing the incidence and severity of
Rhizoctonia solani AG1 1A. The results showed that the incidence and severity of Rhizoctonia
solani AG1 1A on tomato and sweet pepper seedlings decreased in their response to the
different C. gynandra plant tissue rates and chemicals.
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Table 1 Mean sum of squares from the ANOVAs of Rhizoctonia solani AG1-1A on tomato and
sweet pepper seedling growth at 28 days after planting into potting media amended.
Rhizoctonia solani
Source of variation

df

Root length

Number of root tips

Root diameter

Disease damage

Tomato

10

120.105

23.432

0.7657*

145.602*

Sweet pepper

10

34.338

16.557

0.69645***

301.056***

†* 0.01 < p < 0.05; ** 0.001 < p < 0.01; *** p < 0.001; all other mean squares were not
significant.
Table 2. The effect of rate of amendment of C. gynandra species and the convectional
chemicals for root length number of root tips, root diameter and disease damage at 28 days
after planting tomato and sweet pepper seedlings.
Tomato

Sweet pepper
Number

Treatment

Root

of

length
15% Green C. gynandra

root

Root

Disease

Root

Number of

Root

Disease

tips

diameter

damage

length

root tips

diameter

damage

4.97

1.5

0.21ceg

6.44ace

3.41

1.56

0.13cegikm

5.50bce

15% Purple C. gynandra

4.97

1.81

0.28ceg

6.12aceg

2.44

1.56

0.11degikmo

5.25de

10% Green C. gynandra

5.47

1.88

0.26ceg

6.69aceg

2.97

2.19

0.17cegik

4.50eg

5% Green C. gynandra

4.22

1.63

0.19dfg

6.50ac

3.56

1.94

0.16cegikm

3.81eg

5% Purple C. gynandra

5.38

2.31

0.31aceg

6.31aceg

3.12

1.69

0.20ac

3.19h

No chemical + No Pathogen

5.63

2.31

0.33ae

4.50dfg

3.16

2.13

0.26a

3.62fg

No chemical + Pathogen

6.81

2.38

0.32ace

5.00bceg

3.75

1.81

0.17bceg

4.38eg

Ortivar® 30 ml/3 L

6.69

2

0.28bceg

4.44h

3.56

1.69

0.19ace

3.87eg

Uniform 60 ml/3 L

5.41

1.75

0.17h

7.19a

3.66

1.13

0.03p

7.06ac

Uniform 80 ml/3 L

5.19

1.75

0.22ceg

6.50ac

3.06

1.44

0.06fhjlno

7.44a

LSD

2.02

0.84

0.12

1.82

1.09

0.76

0.09

1.73

CV%

6.3

12.5

12

4.4

2.3

6.1

8.5

4.5
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†Means followed by the same letter in a column are not significantly different from each other
according to the LSD value.
The effect of rate of amendment with green and purple C. gynandra species (at rates 0, 5, 10
and 15 % weight to volume) and the chemical control Ortivar®, Uniform, a non- chemical and
no pathogen control and a non -chemical inoculated with pathogen control on Rhizoctonia
solani significantly (p < 0.05) affected root diameter of both tomato and sweet pepper seedlings
(Table 2). On root diameter of tomato seedlings, the chemical Uniform at rate 60 ml/3L had the
least mean diameter on the crop (0.174 cm) and the biofumigant with 10% Purple C. gynandra
had the biggest root diameter (0.407 cm) which was statistically similar to 5% purple C.
gynandra (0.309 cm), and the controls with pathogens amended and no chemical treatment and
also a control with no pathogen amended and non biofumigant/ chemical treatment (0.32 cm
and 0.33 cm respectively) (Table 2).
On sweet pepper seedlings the root diameters of plants treated with no chemical/biofumigant
and no pathogen had the largest diameter (0.2631 cm) which was statistically the same with a
biofumigant, purple C.gynandra 5% w/v, and the chemical control of Ortivar at rate 30 ml/3 L
water. The chemical control, Ortivar® (30 ml/3 L), performed statically the same with the
biofumigant of both green and purple C. gynandra at rates 5, 10 and 15 % w/v (Table 2). The
chemical control, Uniform at rate 60 ml/3 L, had the least mean diameter (0.03 cm) on sweet
pepper seedlings.
The effect of rate of amendment with green and purple C. gynandra species (at rates 0, 5, 10
and 15 % w/v) and the chemical control Ortivar, Uniform, a non- chemical and no pathogen
control and a non -chemical inoculated with pathogen control on Rhizoctonia solani
significantly (p < 0.05) damaged the roots of both tomato and sweet pepper seedlings (Table
2). The chemical control, Uniform at rate 60 ml/3L, had the worst disease damage score (7.19)
which was similar statistically with Uniform at rate 80ml/3 L water and the two biofumigants,
green and purple C. gynandra at rate 5% w/v. The chemical Ortivar® (30 ml/3 L) had an
excellent control on disease damage which was also similar to the green and purple C. gynandra
biofumigants at different rate of amendment (5, 10, 15 % w/v) on both tomato and sweet pepper
seedlings (Table 2).
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4.0 DISCUSSION
The present study demonstrates the functional role of C. gynandra as a biofumigant, and shows
that various amendment rate and the efficacy of both green and purple stem C. gynandra on
growth inhibition of R. solani AG1-1A increased with an increase in plant tissue application
rate (Table 2). This study also demonstrated that high application rate of the chemical Uniform
(80 ml/3 L) did not offer any benefit to the control of R. solani AG1-1A, and the chemical can
be used successfully at lower rates Uniform (60 ml/3 L). This is consistent with 14, we observed
that the amendment of C. gynandra at different levels varies with the species being used. Some
authors have attributed these differences to the type of cultivation, soil conditions, climate,
humidity, photoperiod and several other environmental factors (11, 17, 18, 21).
The lowest level tested (5 % w/v) of green C. gynandra did not inhibit the incidence of any of
the species of pathogens, although root length, number of root tips and root diameter for both
tomato and sweet pepper seedling were completely protected by both green and purple C.
gynandra 10 and 15 % w/v levels. The differences observed between C. gynandra plant tissue
types may be partially accounted by the fact that various pathogen strains have different
sensitivity to the glucosinolate (Table 1). This has been confirmed by 14, 15 and 27 where
different different pathogen species, such as AGs of R. solani, had varying degrees of
sensitivity to allyl glucosinolate. From these studies it is implied that the different glucosinolate
profiles and content in the various plant tissues may have affected the suppression of R. solani
differently.
Consistent with 28, using C. gynandra, a glucosinolate-containing plant material, has potential
in controlling soilborne pathogens, whether for organic or conventional growers. This is
because the bioactive degradation products dissipate rapidly, they pose less environmental risk
than compounds that persist for greater periods of time.
5.0 CONCLUSIONS AND RECOMMENDATIONS
In the present study C. gynandra was found to be a potent biofumigant obtained from
macerating whole plant of C. gynandra at full flowering stage and can be used as a green
manure crop. Due to pathogen selectivity at different amendment rates and from natural origin
C. gynandra can be used as a biofumigant against the soilborne pests. Further toxicity of C.
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gynandra (if any) to the non-targeted animals is to be studied. Further studies in the field are
to be done to come up with conclusive results.
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ABSTRACT
Strawberries are highly perishable owing to their high respiration rate and the soft fruit that is
susceptible to bruising injury. Physical injury not only increases respiration and weight loss but
trigger ethylene production which speeds up ripening and spoilage.

Calcium fertilizers

increases calcium concentration in the fruit thereby upsurge fruit firmness, shelf life and reduce
respiratory dry matter losses. The effect of pre -harvest calcium fertilizer top-dressing
supplements Ca(NO3)2, CaSO4 and Calmax) on strawberry yield, fruit quality parameters and
shelf life were investigated. Supplements were added from the onset of flowering at weekly
intervals for four weeks with Ca(NO3)2 applied as a foliar application spray and as a side
dressing to the soil, Calmax as a foliar spray and CaSO4 broadcast to the leaves. Pre-harvest
calcium supplement fertilizers significantly affected (P<0.001) total soluble solids (TSS), fruit
firmness, titratable acid (TA), pH, fruit diameter and weight in fruits harvested from the
greenhouse but only significantly affected fruit firmness (P<0.001), yield ha-1 (P<0.005) and
percent spoilage (P<0.001) in fruits harvested from the field. In the field there was no
significant difference in strawberry fruit yield between Ca(NO3)2 (soil applied), Calmax (foliar
sprayed) and Ca(NO3)2

(foliar applied). Yield was lowest in the control and did not

significantly differ with CaSO4 (broadcast on leaves). In conclusion Calmax (foliar applied)
and Ca(NO3)2 (foliar applied) are recommended because they increased marketable yield and
shelf life of strawberries.
Key Words: strawberry, calcium supplements, yield, shelf life
1. INTRODUCTION
Owing to the growing awareness within the Zimbabwean population of the need to eat health
and nutritious food, most smallholder farmers are venturing into fruit production and
commercialisation. Strawberries are one of the highest valued fruit crop worldwide and in
Zimbabwe prices can range from $2, 50 to $3 per kg for export quality whilst local grade can
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vary from$1 to $1.50 per kg during the peak season (Agricultural Marketing Authority Bulletin,
2014). Zimbabwe was ranked 71st in the world and 5th in Africa with production levels of 218
tonnes during the 1990’s (1). Post-land reform, the focus has been the revitalisation of
agriculture, including recovery of the horticulture sector, to boost exports and foreign currency
earnings and improve the balance of payment in the country.
Strawberries are a very rich source of Vitamin C and have natural antioxidant that helps the
body to develop resistance against infectious agents’ counters inflammation and scavenges
harmful free radicals (2). They also contain the B complex group of vitamins which are
cofactors which aid in metabolism of fats, proteins and carbohydrates. Phyto nutrients such as
anthocyanin and flavonoids found in strawberries contribute in controlling cancers, aging,
inflammation and neurological diseases.
Strawberries are mainly grown in the backyard, greenhouse or in small plots in open field. Poor
cultural practises and high postharvest losses due to bruising and decay are the major
constraints to strawberry production in Zimbabwe. Strawberries are highly perishable, nonclimacteric fruits that are harvested at full maturity to achieve maximum quality in terms of
visual appearance, texture, flavour and nutritional value (2). Grey mould and mechanical injury
resulting in tissue softening are significant problem faced in production; according to Goodarzi
(2009) losses of between 40-50% are incurred during transportation from fields to markets.
Losses can be more than 50% in Zimbabwe where selective handpicking of ripe fruits is done.
These fruits are put in buckets and dishes and usually no cold chain is maintained. Road side
marketing or selling in front of retail shops is most commonly practised by vendors in
Zimbabwe.
Fruit ripening, internal disorders and diseases have been associated with fruit mineral
composition (4). In particular, calcium treatment, either by preharvest foliar application or
postharvest dips represents a safe and potentially effective method for increasing the storage
life and preserving the quality of some fruits (4). Many studies have also shown that calcium
plays an important role in plant growth, development and its responses to environmental signals
( 4: 5:6). Calcium is an important component of the cell wall that binds together strands of
pectin to form calcium pectate which stabilises the cell structure. This imparts fruit firmness as
well as membrane integrity (7). Calcium enhances fruit firmness through cross linking the
polysaccharide chains by virtue of its divalent ionic character (7). Calcium ions forms cross
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links between the carboxyl groups of polyuronic chains that are present in the middle lamella
pectin (5). Binding to cell wall components also reduces the accessibility of cell wall degrading
enzymes to their substrate thus resulting in less decay (4). Cell membrane leakage and tissue
senescence are reduced or delayed by adequate or elevated tissue calcium levels (8).
The use of different calcium containing supplements can have an effect on the absorption of
calcium, ripening, postharvest shelf life and grey mould (Botrytis cinerea) developments.
Calcium nutrition has proved to be a valuable technique in extending the shelf life of
strawberries by reducing rapid firmness loss, surface discoloration, over ripening and microbial
contamination or decay, yet they are not yet being fully employed in Zimbabwe. It is
hypothesised that use of calcium fertilisers will have a positive impact on the shelf life and
postharvest quality parameters of strawberry. Thus the purpose of this study was to investigate
the effect of pre-harvest calcium top-dressing fertilizer supplements on yield, quality and shelf
life of the Tioga strawberry variety grown in Zimbabwe.
2. MATERIALS AND METHODS
The field experiments were done at Horticulture Research Centre at Marondera on clay soils.
The greenhouse experiment was established on pine bark media. Marondera is located 75 km
north-east of Harare 180 11’S, 310 28’E) at an altitude of 1 688 m above sea level. Average
day length is 13.2 hours in summer to 11.1 hours in winter Lab experiments were done at
Chinhoyi University of Technology.
2.1 Test variety
Tioga strawberry was used in this study because it is the most commonly grown variety by the
small holder farmers in Zimbabwe. It is planted in spring or summer and harvesting starts from
14 - 18th week after planting. It is characterised by vigorous growth, with an average fruit
growth and setting (Horticulture Handbook; 2008 pg. 22).
2.2 Field operations
Healthy (disease free, pests free and good looking) strawberry runners were selected for
planting from the HRC nursery. The land was ploughed to a 30cm depth and disced to a fine
tilth. Strawberries were planted on raised bed and grass mulch was put. Compound S (7 %N
:21%P2O5 :8% K2O) at a rate of 500kg/ha was evenly applied and incorporated into soil up to
20cm depth using hoes before planting. A spacing of 30cm x 45 cm was used to achieve a plant
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population of 74074 plants/ha. Each plot had 30 plants. Plot size measured 3m x 1m. Top
dressing was done at 4 weeks from planting using ammonium nitrate (34, 5%N) and sulphate
of potash (SOP: 50K2O) both at a rate of 150kg/ha. The experiment was repeated in the
greenhouse as a pot experiment. 15cm x20 cm pots were filled with composted pine bark. Six
pots made a plot. Method of planting was adapted from the Handbook of Horticulture pg. 23;
2008).
Calcium fertilizer supplement treatments were applied as top dressing from the onset of
flowering at the 8th week and then were repeated four times at seven days interval. Fruits were
harvested when 75% of the fruit had developed a red colour.
2.3 Treatments
Treatments 1: 2g of Ca(NO3)2 was side dressed per each plant at weekly intervals for four
week from the 8th weeks after planting to achieve a rate of 150kg/ha
Treatment 2: 25g of Calcium sulphate was evenly broadcasted on the strawberry leaves for
four weeks from the 8th week after planting
Treatment 3: 15 g of calcium nitrate was dissolved in 15liter of water in a knapsack and was
foliar applied on the strawberry plants.
Treatment 4: 44ml of calmax (22, 5 CaO and 12,19 Ammonium nitrate) was mixed with 15liter
of water in a knapsack.
Treatment 5: No calcium supplement was added
This was foliar applied to the leaves from the 8th week, when flowering began. It was done
four times at weekly intervals.
2.4 Experimental design
The experiment was organised as a randomised complete block design with five treatments
replicated thrice. Each pre-harvest calcium fertilizer top dressing treatment was calibrated to
supply 8g of calcium per plant throughout the season. Treatment 5: no calcium supplement
was added (control)
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2.5 Measurement parameters
2.5.1 Total soluble solids, titratable acid and pH
Fruit samples were blended using a kitchen homogenised blender. A hand held refractometer
(Atago hand refractometer N1 type) was used to determine the Total Soluble Sugars in 0 brix.
Titratable acid (TA) was measured using

titration method of using 0, 1N NaOH solution

(Yermakov et al., 1987). Phenolphthalein indicator was used. Titratable acid (citric acid
equivalent) was calculated in the strawberry using the formulae:
TA = ml (NaOH) X N(NaOH) X Acid mill equivalent factor x100 / ml juice titratable .
Where mill equivalent for citric acid which is predominant organic acid in strawberry = 0.64
(Garner et al. 2003) .
A pH meter (OrionStar A111, Jakarta, Indonesia) was used to measure the pH. Distilled water
was used as the buffer
2.5.2 Firmness
Firmness was determined by measuring penetration force in kilogram –force (kgf) using a
hand held penetrometer ( FT 110, Facchini, alfonsine, Italy) equipped with a 6mm diameter
plunger tip. The fruit cheek about midway between the calyx and blossom end was punctured.
2.5.3 Yield
In the field fruits were harvested at weekly intervals for nine weeks. Fruits were harvested in
crates. Total number of fruits in each plot was counted and an electronic scale was used to
record weight. Average berry weight was calculated by dividing the total weight of each plot
by its number of fruits.
2.5.4Spoilage
Spoilage was visually inspected daily during the 3 day storage period. Strawberry fruits
showing surface mycelia development was considered decayed. Also fruits showing wilting
and shrivelling were considered spoiled. Results were expressed as the percent spoiled fruits
of total fruits from a treatment replication
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2.6 Statistical analysis
Analysis of variance was done using Genstat statistical packages. Means were separated using
± standard error of the difference (±sed) when the F- test showed significant treatment effect
at p < 0.05.
3. RESULTS
3.1 Effect of pre harvest Calcium supplements on strawberry postharvest qualities
Preharvest calcium fertiliser supplement treatments significantly affected (p<0.001) all fruit
quality parameters (TSS, TA, pH, firmness) for strawberries grown in the greenhouse (Table
1). Highest TSS was recorded in the control treatment (no Ca supplementary fertiliser) but it
did not differ from the Ca(NO3)2 foliar applied supplement. There was no significant difference
in the TSS among Calmax foliar applied, Ca(NO3)2 leaf broadcast and Ca(NO3)2 side dressed
calcium treatments, however their TSS was significantly lower than the control and the calcium
nitrate foliar applied treatment (Table 1).
Fruit firmness was highest in the Calmax foliar applied treatment. There was no significant
difference in the firmness of strawberries harvested from Ca(NO3)2 foliar applied, Ca(NO3)2
soil applied (side dressed) and CaSO4 leaf broadcast treatments but they had significantly lower
fruit firmness than the calmax foliar applied treatments (Table 1). Fruit firmness was lowest
in the control treatment that received no Ca pre harvest supplement.
Titratable acid was highest in the treatment that received Ca(NO3)2 as a foliar application and
it significantly decreased when CaSO4 was broadcast on the leaves followed by the control
treatment. The lowest TA was recorded when Calmax was applied as foliar application, but it
was significantly lower than when Ca(NO3)2 was applied as a side dressing (Table 1).
pH was significantly higher when CaSO4 was broadcast to the leaves of the strawberry plants
than the control treatment. The lowest pH was recorded when Ca(NO3)2 was applied as foliar
application but it did not significantly differ from Calmax foliar applied and was significantly
lower than when Ca(NO3)2 was side dressed on the soil (Table 1).
CaSO4 in the greenhouse resulted in a higher average mean of fruit size and weight which
differed significantly from Calmax foliar applied treatment which also differed from all the
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other treatments. There was no significant difference in fruit size and mass among the control
treatment and treatment in which Ca(NO3)2 applied as foliar and as a side dressing (Table 1)
In the field grown strawberries, supplementary Ca fertiliser treatment had no significant effect
(p< 0.05) on fruit quality ( TSS, pH, TA) and number of fruits per plant but it significantly
affected fruit firmness p< 0.001, % spoilage p< 0.001 and yield of fresh strawberries per hectare
p< 0.05 (Table 2).
Calmax foliar applied treatment had the highest fruit firmness, similar to results found in the
greenhouse, followed by Ca(NO3)2 foliar applied and Ca(NO3)2 soil applied treatment. The
lowest fruit firmness was recorded when CaSO4 was broadcast on the leaves but it did not differ
significantly from the untreated control (Table 2).
% spoilage of the strawberry after harvest was highest in the untreated control. % spoilage was
significantly lower in all the Ca fertiliser supplement treatment and was lowest when calmax
was applied as foliar application (Table 2).
Cumulative strawberry fruit yield over the season was highest when Ca(NO3)2 was foliar
applied but it did not differ among the Calmax foliar applied, calcium sulphate leaf broadcast
and the control treatment although they attained significantly higher yield than the Ca(NO3)2
soil applied pre-harvest calcium supplement ( Table 2)
Table 1: Effect of Calcium supplements at flowering on postharvest quality of Tioga
strawberries grown in the greenhouse.
Treatment

TSS0
Brix

Ca(NO3)2
side dressed

10.50†b 1.0b

CaSO4 leaf 11.00b
broadcast

Firmness
kgf

Titratable
acid
mg/l
0.107d

pH
3.73c

Average
Fruit size
Fruit weight (diameter)(cm)
(g)
9.35c
3.67c

0.75b

0.124b

4.77a

18.26a

5.33a

Calmax
Foliar

10.10b

1.5a

0.087e

3.63d

14.95b

4.6b

Ca(NO3)2
foliar
Control
Pvalue
± S.E.D
Cv%

12.53a

1.0b

0.126a

3.61d

9.77c

3.97c

13.20a
≤0.001
0.494
5.3

0.5c
≤0.001
0.5
1.2

0.121c
≤0.001
0.011
1.2

4.42b
≤0.001
0.011
0.3

11.04c
≤0.001
0.636
6.1

3.30c
≤0.001
0.194
5.7
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†Means followed by the same letter are not significantly different from each other according
to the s.e.d value
Table 2: Effect of Calcium supplements at flowering on postharvest quality of Tioga
strawberries grown in the field
Treatment

TSS
brix

0

Firmness
kgf

Fruit
size
(cm)
3.97

Fruit
count

Titratable
acid mg/l

pH

Yield
(kg/ha)

Spoilage
%

Ca(NO3)2
11.22 0.9†c
46.1
0.107
4.40
97.8a
21.7c
foliar
CaSO4 Foliar 11.50 0.233d
3.88
31.9
0.124
4.43
63.5b
28.3b
Calmax
11.27 1.867a
3.91
36.2
0.101
4.43
74.4b
13.3d
foliar
Ca(NO3)2
10.72 1.233b
4.15
41.2
0.126
4.23
62.2b
23.3c
soil
Control
10.71 0.167d
3.63
33.3
0.122
4.43
66.7b
46.7a
Pvalue
0.769 <0.001
0.179
0.233
<0.621
0.151
0.048
<0.001
± s.e.d
0.676 0.0661
0.195
6
0.011
0.0784 11.63
5.00
CV %
7.5
10.7
6.2
19.9
1.2
2.2
19.1
14.6
† Means followed by the same letter are not significantly different from each other according
to the s.e.d value
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Figure 1: Cumulative Tioga strawberry yield in the field at Horticulture Research Centre
There was a consistent order of merits shown in the yield throughout the harvesting period with
(CaNO3)2 foliar applied producing the highest yield followed by the control with no calcium
preharvest supplement, then calmax foliar applied, followed by CaSO4 broadcast on the leaves.
(CaNO3)2 soil banded to the strawberries gave the lowest yield (fig 1).
4 DISCUSSION
Strawberries are an extremely perishable fruit owing to its soft texture, high softening rate and
high sensitivity to fungal attack (9) in this experiment; this is confirmed by the control plots in
which no calcium supplements were added. In the field and greenhouse experiment, the control
had the least penetration force of 0.167 and 0.5 respectively as compared to the calcium treated
plots. The statement is further confirmed in the field as the control fruits had the highest
spoilage percentage (46.7) my study endorses what has been found by many other researchers
(9; ;10; 11; 5) that pre harvest calcium applications delays senescence, reduce postharvest
decay and controls development of many physiological disorders. This is because calcium is
vital in stabilising the cell wall of fruits by making them less accessible to enzyme in the fruit
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that causes softening or to cell wall degrading enzymes produced by fungal pathogens (5).
Calcium maintains the cell wall structure by interacting with the pectic acid to form calcium
pectate (5). However lanauskas et al 2006 argues that positive calcium effect on berry firmness
isn’t observed in all cases for instance calcium nitrate broadcast to the soil had a negative effect
on berry firmness.
Pre-harvest calcium application can be considered as a cultural practice for maintaining
adequate calcium. In the study calcium nitrate foliar applied has the effect of an increased
firmness and fruit size compared to when it is soil applied, although side dressing of calcium
nitrate increased yield. This can suggest that calcium is unlikely to be translocated from roots
to the fruit. In agreement to what was found by Matchima, (2013), on red dragon fruits, calcium
supplements do not affect fruit quality ( TSS, TA, pH) however it is observed that calcium
treated fruits would have higher values (table. 2) . Contrary to what was found by Makus and
Morris calcium nitrate foliar applied did not improve firmness in sunrise strawberries. He
suggests that it could be because different cultivars have different calcium concentrations.
Calcium sulphate has the advantage of improving soil structure without affecting the soil pH
and is less expensive than other sources of calcium. In the experiment it showed that it does
not really improve calcium concentration in the fruit. Firmness of CaSO4 treated fruits was
not significantly different from the control; however there was evidence of reduced spoilage
percent where it was applied.

In both the greenhouse and field experiment calcium

supplements had the effect of increasing fruit size compared to the untreated control confirming
the facility of calcium in cell division causing elongation and fruit growth (10). Large fruits are
more highly appreciated in the market than smaller ones.
The experiment also confirms that fruits benefit more from foliar application of either calmax
or calcium nitrate (4). Preharvest treatments are more effective when applied directly to the
fruit surface as it moves in the transpiration stream and little or no translocation occurs from
leaf to fruit (4).
5 CONCLUSION AND RECOMMENDATIONS
Calcium treatments have a positive impact in strawberry fruit production and should be in
cooperated in the strawberry fertiliser nutrition program. However in this study it is
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recommended to have foliar applications of either calcium nitrate or calmax as they promote
both yield and fruit quality. These attributes will ensure an improved livelihood for the farmers.
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ABSTRACT
One of the major pest of economic importance and which restricts mango exports from infested
production areas in the SADC region is the mango fruit fly (Ceratitis cosyra Walker). The effect
of three pruning techniques, box/rectangle, spherical/round and the central leader, on assessing
spatial distribution of fruit fly populations in high density mango production were investigated
at Chiredzi Research station (21001’S, 31033’E) from 2010 to 2013. Results showed a
significant rise in the number of adult fly catches among pruning techniques as from July to
December (p< 0.05). Traps baited with Malathion 25%WP with molasses as an attractant were
used to trap the flies. Results from all treatments indicated a significant rise in mean adult fruit
fly catches from the months of July up to December. It could be concluded that spatial
distribution of the mango fruit fly is influenced by the fruiting and ripening patterns of mango.
Key Words: High density, fruit fly, spatial distribution, adult catches, pruning techniques,
mango.
1.0 INTRODUCTION
The mango (Mangifera indica), originated in the Indo-Burma region where it grows in the wild
forest, but is now grown throughout the tropics and in the sub tropics (1). It is sometimes called
the 'king of fruits’ because by volume it is the second largest tropical fruit crop in the world
after bananas and fourth in total fruit after bananas, citrus and apples. It is native to northeastern India and Burma. India, the main producer, accounts for 65 per cent of the world's
mango crop, which is estimated at 16 million tonnes (2). Cultivation of mango has occurred
for some 4000 years and the tree has great cultural and religious significance in some countries.
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The mango is a densely-foliaged evergreen tree, some varieties of which grow to 20 m tall and
live for 40 years or more. Once established, it serves as a useful windbreak, shade tree and
ornamental, with attractive perfumed flowers. Its growth is marked by flushes of new bronzepink leaves, three to five times a year. These turn green on reaching maturity. Flowers are
produced on terminal panicles and occur during the early part of the dry season in the tropics
and during spring in the warmer temperate regions. Fruit bearing is often biennial. The fruit is
large, fleshy, delicious, drupe in size up to 20 cm long, yellow or red when ripe. Unripe fruits
are used in pickles, chutneys, salads or consumed fresh. Ripe fruits are eaten raw as dessert,
whole, or in fruit salads. They may also be frozen, dehydrated, canned or made into jellies,
jams, juices and incorporated into yoghurts and iced confectionery. The mango is a good source
of sugars, vitamins A and C and minerals. Production in the sub-tropics is however affected by
pests and diseases. Of importance is the mango fruit fly (Ceratitis cosyra Walker) (3), (4), (5).
The mango fruit fly, Ceratitis cosyra (Walker), (4), (5) is also commonly known as the marula
fruit fly, based on its common occurrence in these host plants (6), (7). Marula, (sclerocarya
caffra) is a native African fruit related to mango and sometimes known locally as wild plum.
This fly is a serious pest in smallholder and commercial mango across sub-Saharan Africa,
where it is more destructive than the Natal fruit fly (Ceratitis rosa Karsch) (8), (9), (10), (11),
(3), (12). Worldwide, between 20 and 30% of the mango yield is lost due to the fruit fly alone
(13). Fruit flies of the genera Tephritidae, have been widely reported as being economically
important and infesting tropical fruits in Africa (14), (15). The fly's impact is growing along
with the more widespread commercialisation of mango.
Body and wing colour is yellowish. Sides and posterior of thorax are prominently ringed, with
black spots, dorsum is yellowish except for two tiny black spots centrally and two larger black
spots near the scutellum. Its scutellum has three wide, black stripes separated by narrow yellow
stripes. Wing length is 4–6 mm, costal band and discal cross band joined. Adults are similar in
size, coloration, and wing markings to medfly. The female fly oviposits into the mesocarp or
pulp of the fruit just under the skin of the mango fruit (7). Affected fruits show oviposition
punctures with dark stains (rotting) around them. The pulp is heavily mined and the mines
contain many small white maggots (17). Prematurely ripening fruits fall off or bored mature
fruits are often accompanied by fungi and bacteria, which rot the fruit. Thus, control measures
are needed if marketable fruits are to be obtained (1).
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One of the main aims of ecology is to understand the distribution and abundance of organisms
(18). Knowledge of the distribution pattern in terms of an insect is very important because its
seasonality of distribution is as a result of the interaction between individuals of the species
and their habitat (19). Knowledge of this pattern allows a better understanding of the
relationship between an insect and its environment and provides basic information for
interpreting spatial dynamics, designing efficient sampling programs for population estimation
and pest management (19), (20), (21), (22), and the development of population models (23).
On the other hand, effective management of this fly on mango requires a better understanding
of the seasonal dynamics of the present species in a locality. This ensures control measures are
targeted at periods of population build up and or at the most vulnerable stage of the crop to
achieve effective control (6).
Studies on different pruning techniques on mango varietal susceptibilities to fruit fly damage
in other countries (24) have found differences and therefore possible interpretations that there
is an intrinsic benefit on different pruning techniques in the monitoring of the seasonal spatial
distribution of the mango fruit fly. To date, no information is known about the distribution of
the fruit fly, (Ceratitis cosyra Walker), a key pest of mango and many other fruits in the south
eastern Lowveld of Zimbabwe. As such, the objective of this study was to ascertain the seasonal
spatial distribution pattern of Ceratitis cosyra in the mango ecosystem
1.2 Methods and materials
1.2.1 Study site
The study was carried out at Chiredzi Research Station (21001’S, 31033’E 429 m above sea
level) located in the southeastern lowveld (agro-ecological region 5) of Zimbabwe.

It

experiences temperatures ranging from 29 – 390C that can reach up to 420C and receive rainfall
totals of 450-650 year round. Triangle PE 1 series such as shallow sandy clay soils dominate
(25). These soils are derived from the more basic rocks and are deepest and heaviest textured
soils of the south eastern Lowveld. They are reddish-brown sandy loams with adequate
permeability and depths exceeding 1.5 m (25).

549

1.2.2 Experimental procedure and treatments
The study was carried out on an already established 10 year old orchard with different pruning
techniques and the cultivar was Haden. Treatments were laid in a randomized complete block
design replicated 3 times. Trees were spaced at 5 m between rows and 4 m within rows and
each plot was composed of three trees. Pruning techniques evaluated were Box, central leader
(control) and round. Twenty-seven trees were selected from an orchard of 60 trees. Baits were
placed in the selected trees. Traps were suspended below the base of the canopy. Depending on
the dimensions of the tree, the distance from the ground to the base of the trap ranged from 90
to 170 cm and distance from the outer edge of the canopy from 50 to 90 cm. Molasses was used
as an attractant. Traps were set up at flowering stage and remained in place until the crop was
harvested. Daily catches were recorded per tree throughout the season. However due to
degradability of chemicals used, trapping material was subject to renewal especially during the
rainfall season. Traps were changed each morning after the rains and every week when there
was no rain. Data was analysed using GENSTAT version 14. The data was subjected to oneway analysis of variance, and means separated at α=0.05 by least squared differences (LSD)
(26). With regards to average adult fruit fly catches, the data was transformed using arc-sine
transformation after adding 0.5 to each value.
1.2.3 Monitoring of fruit fly adults and fruit damage
To study the seasonal movement of adult fruit fly in various canopies, monitoring was carried
out from July 2010 to December 2013. In each plot, one bait trap was set up in the centre of
the tree canopy and was hung 1.5 m above the ground in a shaded part of the plant. The bait
traps consisted of transparent plastic bottles (capacity 1.5 L) filled with 250 ml water. The bait
consisted of 5 g of Malathion 25 % WP, 30 ml molasses diluted in one litre of water. On a daily
basis, a count of the flies captured over night was recorded. No chemical sprays were done
throughout the study period. Recorded adult flies were removed from the traps to give
precedence for next day’s count. At harvest, fruits were inspected for fly damage. Harvesting
was done three times a week at peak ripening period. Signs such as punctures and rotting with
some larvae were regarded as damage. The fallen fruits from selected trees were included in
the harvest while those from unselected trees were removed and destroyed to reduce fruit fly
re-infestation inoculum. Total marketable and non-marketable yield was compiled for all the
pruning techniques
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1.3 RESULTS
1.3.1 Spatial distribution of the adult fruit fly over seasons
The general trend of the distribution of the fruit fly across seasons indicated a rise in the total
mean catches from 2011 to 2013 in all the pruning techniques (fig 1).

Fig. 1: Mean number of adult fruit fly distribution across the trapping period
In 2013 the box technique had the highest while the central leader and the round were almost
the same. There were no significant differences at p= 0.05 over the period from July to
December for the three trapping seasons. It was also observed that mean catches dropped from
July to September and started rising from September to December (fig 2).
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Fig. 2: Mean overall catches from July to December for 3 seasons
Marketable Yield (t/ha)/ Non-marketable

yield

(t/ha)
Pruning

2011

2012

2013

2011

2012

2013

Box

44.4

27.8

59.82

24.5

5.65

21.3

Round

73.5

32.9

55.30

39.2

6.5

31.85

Central

64

46.5

56.48

27.9

9.3

24.64

181.9

107.2

171.6

91.6

21.45

77.79

technique

leader
Total

Table. 1: Effect of the mango fruit fly on marketable and non marketable yield on the box,
round and central leader pruning techniques.
1.3.2 Effect of fruit fly damage on yield on box, round and central leader pruning
techniques.
Despite that fruit fly catches were not affected by pruning techniques over the study period,
mango yield was however affected (Table. 1). Non-marketable yield was 33.4 % in 2011 and
it dropped to 16.67 % in the year 2012. It rose to again to 31.19 % non-marketable yield in

Pruning technique

2013.

Central leader

Round

Box
0

20

40

60

80

100

Yield
Non markatable

markatable

Fig. 3: Yield recorded on box, round and central leader pruning techniques in 2011.
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In 2012 non-markable yield was significantly lower p<0.05 (Fig 4). It ranged between 18-20%
of the total yield among treatments. The box technique recorded least non-maketable yield
There were no significant yield differences (p<0.05) recorded among treatments in 2013.

Fig. 4: Effect of fruit fly damage on yield on box, round and central leader pruning techniques
in 2012.
No significant markatable yield differences were recorded among pruning techniques. Nonmarketable yield ranged between 16-20 % among pruning techniques.
1.3.3. Effect of temperature and rainfall on the seasonal distribution of the adult fruit fly
over the trapping period
In the south east dry areas of Zimbabwe, the observation study conducted indicated that the
mean number of adult fruit flies per tree in relation to mean annual rainfall was 0.169 while
that with mean annual temperature was 0.128 (Table: 2).
Mean annual Mean
rainfall
Rainfall

temperature

1
1

Mean temperature
Average catches

Average catches

0.169474

0.12795
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1

Table: 2. Correation analysis of mean annual temperature, mean annual rainfall and fruit fly
catches per tree over the trapping period
This implies a positive but weak correlation between the biotic variables and the fruit fly
spatiality. This indicates that Ceratits cosyra is an economic mango pest regardless of the above
mentioned biotic variables.
1.4 DISCUSSION
The number of mean adult fruit fly catches increased in all treatments as well as throughout the
trapping period from the months of November to December (Fig 2). The increase in number of
the fruit fly coincided with the fruiting of both early and late maturing mango varieties as was
observed by (15). In addition, the months of November to December are the wet periods in the
south east agro-ecology, which is conducive for the population growth of Ceratitis cosyra (29).
Production of mango is affected by Ceratitis cosyra (Diptera: Tephritidae). The earlier however
cause large scale economic damage to the mango fruits (27). Fruit loses of up to 40% have
been reported in some parts of Africa (28), (29), (30). The results from the study showed that
the fly caused enormous damage (Fig 5) to mango fruits and can result in complete fruit loss if
appropriate control measures are not taken (28), (7). The high trap catches of the fly during the
wet season was also corroborated by (29), (31) who observed an increase in trap catches for
this pest shortly after the on-set of the fruiting cycle.
Results also show an infestation gradient (Fig 2) that spread from the month of July to
September and November to the month of December. This might mean that the number of
catches among treatments was reduced during flower initiation (July –September) and
increased during fruit setting and ripening period (November –December). This also concurred
with the findings of (3) and (1), who observed that fruit bearing peaks of varieties result in an
upward or downward trend of average mean catches of the fruit fly and also that damage by
fruit fly can be severe and certain mango cultivars can totally be destroyed. Variations were
also noticed on differernt treatments due to fruitng abilities after pruning. The number of
fruititng bodies on mango depends on the mature branches that can bear fruits that season (32),
(24). Usually pruned trees have less mature branches for that year. This agrees well with (33)
who observed that there is need to check the relationship between canopy size and fruiting.
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This also concurred with (15) who found out that the fly is attracted by either flowering or
fruiting bodies on the plant.
The fruit fly population seem to be aggregated in the dense central leading method due to a
thick canopy. The causes of this aggregation as declared by (34) and (38) might be due to active
aggregation of the fruit fly such as behaviour whereby presence of each individual is influenced
by sexual attraction, and reproductive biology. This is also influenced by the heterogeneity of
the environment such as micro climate especially relative humudity and prefered part of the
plant. (35) confirmed presence of prefered part of plant. It can also be explained that the
aggregative behaviour of the fruit flies from all treatments might have been influenced by
malathion/molasses combination, as this is a highly potent attractant for the male and female
flies of the Ceratitis cosyra specy (36), (37) and (35), or might be sexual attraction or that
Ceratitis cosyra has a peak abundance at different times of the year.
The yield of mango was affected by fruit flies (Diptera: Tephritidae) as treatments recorded a
non-marketable yield of 40% and above (Fig. 5). During the 2012 season, the round technique
recorded the highest number of damaged fruits caused by the fruit fly (Diptera: Tephritidae)
(27). This was also reported by (28), (29), and (30) who found out that fruit loses of up to 40%
have been reported in some parts of Africa. The results from the study showed that the fly
therefore causes enormous damage to mango fruits and can result in complete fruit loss if
appropriate control measures are not taken (28), (7). Damage may be more acute on mature
fruits especially at the end of the ripening period as was reported by (1), that some mango
varieties can be attacked severely either early or late in the season.
The observed levels of infestation in mango agree with earlier findings by (29), who reported
high Ceratitis cosyra and Bactrocera invadens infestation in similarly acidic fruit bearing
hosts. They suggested that Ceratitis cosyra and Bactrocera invadens might be adapted to a
range of fruit characteristics. The guava (Psidium guajava) is a primary host for B. invadens,
while Annona spp. and Citrus spp. are secondary hosts and they will allow fruit fly population
proliferation and trigger quick infestation in mango before the pick of the mango season (28).
The growing of mangoes with other cultivated crops or near wild plants is a common practice
in many farming communities in Zimbabwe and will have implications on the control measures
being developed. The high degree of aggregation of Ceratitis cosyra amongst all treatments
indicates its potential coexistence with other trees species. This was corroborated by (39) who
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found out that other than mango, it is also associated with marula, guava and citrus. The
attraction of the traps may lead to overestimating the size of local populations due to migration
of insects attracted from adjacent areas (40) or other factors involved, including abiotic factors,
which can have an influence upon the spatial distribution and that should be taken into account
in future studies.
The effect of several abiotic factors such as temperature and humidity (Table. 2), may be
considered to have been the most important abiotic factors explaining population dynamics in
insect species (41; 42). The role of temperature as a determinant of abundance in Ceratitis
cosyra is mediated either directly or indirectly through its effects on rates of development,
mortality, and fecundity. Rates of increase (or decrease) of individual populations are
dependent upon the values of these parameters, and in turn are determined by the multiple
influences impinging upon the individuals from within the population's "life-system" (43).Fruit
flies tend to congregate in locations which provide shelter and food. These overwintering
groups often form stable populations because birth rate is zero, death rate is low, and
movements are inhibited by low temperatures (44). Some are usually restricted to patches of
evergreen foliage such as citrus (44) and other "favourable" plants (45) and may become active
enough to feed during the warmer hours of the days, but tend to return to the same sheltered
foliage when temperatures fall.
1.5 CONCLUSION
In summary the results from this study showed that the mango fruit fly (Ceratitis cosrya)
coincides with the main mango fruiting and ripening periods and it dominates in the mango
ecosystems in the south eastern agro-ecology during the dry and wet season. The pest inflicts
more damage on the early, medium and late maturing mango cultivars. It is more dominant
during end of the wet season by which time all early maturing mangoes will be harvested. A
positive but weak correlation exists between the biotic variables and the fruit fly spatiality. This
indicates that Ceratits cosyra is an economic mango pest regardless of the above mentioned
biotic variables.
1.6 RECOMMENDATION
Control measures must be targeted at this pest as from flower setting (July to August) and frit
setting (September-October) and fruit ripening stage November to December to forestall
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damage to the fruits. Trapping of the pest should be done regardless of the rainfall or
temperature patterns around the area.
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ABSTRACT
A field trial was carried out to determine the contribution of tillage, mulching and season to
crop productivity. The tillage treatments used were conventional tillage, basin and ripper tine
tillage. The experiment was set up in 2013/14 and 2014/15 seasons as a split plot with treatment
plots arranged in a randomized complete block design with three replications. Three mulching
levels were used; zero mulch application, 2t and 4t crop residue application. There were
significant differences between the tillage systems used over the two seasons. The first season
of 2014 gave average yield of 2544kg/ha and the second season of 2015 gave mean yield of
2113kg/ha, which were significantly different (p<0.05). The tillage method of basin,
conventional and ripping resulted in mean yields over two seasons of 2465kg/ha, 2555kg/ha
and 1966kg/ha respectively and showed significant difference (p<0.05). The seasons varied
considerably in their rainfall amount and distribution, 403.4mm was realised in 2014 and 417.5
in 2015. Different mulching levels did not show significant difference over the two seasons of
the trial. However the interaction of tillage and season showed significant difference. It could
be concluded that tillage and season affected sorghum grain yield.
Key Words: Ploughing, conservation agriculture, yield, rainfall
INTRODUCTION
The traditional major dry land crops like sorghum in semi-arid areas can be characterized as
the most popular crop in the areas receiving low, highly variable and erratic rainfall
(Gebrekiden, 1982).
Sorghum is grown mainly as a rain fed crop in the semi-arid areas. In these areas, sorghum
production is limited by water stress due to low and variable rainfall between and within
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seasons induced by the ongoing climate change. Sorghum yields vary considerably between
years and show a close dependence on rainfall.
Conservation tillage practices simultaneously conserve soil and water resources, reduce farm
energy usage and increase or sustain crop production. (Bescansa et al 2006). However, research
on tillage requirements and the effect of season on tillage and mulching, for cultivating grain
sorghum is scarce. There is need to shift from conventional tillage to minimum and zero tillage
for the purpose of protecting soil degradation, increasing water use efficiency, reducing the cost
of production of summer crops and improving crop productivity.
Sorghum as a grain crop can complement wheat, rice, maize and other grain crops, as it is a
staple food for millions of people in semiarid regions of the World (Shakoor, 1999). However,
research on tillage requirements and the effect of tillage methods on soil physio-chemical
properties is scarce in Zimbabwe and farmers use conventional tillage practices. Use of
excessive and unnecessary tillage operations is harmful to the soil and increases the cost of
production. Intensive conventional tillage is known to degrade soil structure (Seibutis, 2009).
While substantial information on crop yield benefits of Conservation Agriculture (CA)
practices has been generated, there is a dearth of information on the impact of season on the
crop yields. The sorghum crop requires development of a soil management package that could
conserve soil moisture. This attribute is expected to enhance crop productivity.
OBJECTIVE
The objective of study was to investigate the effects of tillage and mulching on sorghum yield
over two seasons under semi-arid conditions.
Materials and Methods
The experiment to determine the tillage, mulching and season effects on grain yield of sorghum
(Sorghum bicolor L.) was conducted during the summer seasons of 2014 and 2015 in a fixed
plot at Matopos, Zimbabwe. Matopos Research Institute is located 30 km south of Bulawayo
between latitude 200 24 S and 280 29 E longitude. Its altitude is approximately 1340 m and it
lies in agro-ecological region 4 of Zimbabwe. Rainfall is both low and variable (250-650 mm
per year, median 573 mm) and occurs between October and April. October is the hottest month
(mean maximum 29.40C) (Mupangwa et al 2012). Sorghum variety Macia was sown in all the
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two trial seasons. The soil at Matopos is a Chromic- Leptic Cambisol derived from basaltic
greenstone (Moyo, 2001). The experiment was laid out in a randomized complete block design
(RCBD) with split plot arrangement (tillage being the main plot and mulching being subplots)
having three replications with net plot size of 8.0 m × 4.0 m. Seedbed was prepared by
cultivating the field as per treatment requirement. Sowing was done with a hand drill
maintaining inter-row spacing of 90 cm and in row spacing of 20 cm after thinning on ripper
and conventional tillage, while basins had spacing of 90 x 60 cm (with three plants per basin).
The basins were hoe dug with 15 cm x 15 cm x15 cm length, width and depth dimensions
respectively. Ripper lines were simulated by digging a deep line in the trial plots using hoes.
Mulching levels of 0, 2 and 4 t/ha were applied according to treatment and previous season
sorghum crop residues were used as mulch in each growing season. The mulch was applied at
the same time in all plots at the sowing stage of the trial. In the conventional tillage, land
preparation was by ploughing using an oxen-drawn plough (farmer’s practice) to prepare the
seedbed.
Data collection
Data collected included days to 50% seedling emergence, 50% flowering, and 50%
physiological maturity. Physiological maturity was determined by the presence of a black layer
where the grain attaches to the heard. The number of plants per net plot before and after
thinning, and at harvest were recorded. Rainfall records were collected throughout the two
growing seasons. Weight of grain per net plot after harvest was collected.
Statistical analysis: Trial data were subjected to the analysis of variance appropriate to the
experimental design (Dabney et al, 1996). Genstat 14 was used to analyse the data. Least
significant differences were used for means separation at the 0.05 probability level.
RESULTS
Grain yield is the important component of sorghum performance under a set of growing
conditions.
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Fig. 1. Sorghum grain yields in kg/ha from conventional, basin and ripper tillage in the two
seasons combined.
Tillage method over the two seasons showed significant effect on the grain yield of sorghum
(p<0.05). The basin and conventional method produced better grain yield than the ripper tillage
method in the overall two seasons.
The interaction of tillage and season was significant at p<0.05 as shown in table 1 below.
Table 1. Effect of the interaction of season and tillage method on sorghum grain yield

Season
2014
2015
LSD
P

Basin
2570b
2361a

Tillage
Plough
2018a
3091b

Ripper
1752a
2180a

607.8
0.017

The basin method produced the best sorghum yield in 2013/14 growing season while
conventional tillage had best yield in 2014/15 season. The interaction of tillage and season
showed significant difference on sorghum grain yield (p<0.05, Table 1).
The effect of mulching in a particular season and between the two seasons showed no
significant difference in grain yield.
The rainfall average for the two seasons at Matopos was 410 mm with the first season of
2013/14 having 403 mm and in 2014/15 about 417mm of rainfall was received.
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Fig 2. Monthly rainfall received and season rainfall distribution
Total annual rainfall (based on the July June calendar) varies from 573 mm at Bulawayo
(Mupangwa et al, 2012), the two seasons in Fig. 2 had rainfall below average, the season effect
resulted in significant yield difference. The area of Matopos research station where the trial
was conducted lies in natural farming region IV, which has limited rainfall with the average
rainfall declining over the years perhaps due to climate change.
During the 2014/15 season the average sorghum yield was significantly different at p<0.05
from that for the 2013/14 season. An average of 2544kg/ha was produced in 2014/15 as
compared to 2113kg/ha which was realized in the season of 2013/14 as shown in fig 3 below.
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Fig 3. Sorghum mean yield for the two seasons
A better sorghum grain yield was obtained in the first season of the trial.
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DISCUSSION
The studies by (Unger et al, 1986) also suggested that sorghum responded positively to growing
season precipitation when increasing amounts of residue remain on the soil during the growing
season. The effect of mulching and other interactions effects with tillage on the grain yield of
sorghum could have been more sharp and pronounced when mulch was applied early. The
different rates of mulch in this trial were applied at planting time, the effect could have been
different if the crop residues used as mulch were to be applied early in the season or left on the
trial plots over the season. The two seasons were not enough to show the mulching effect on
yield.
The lowest yield was realized from zero-tillage (figure 1), particularly ripper tine plots at all
levels of mulch application. This result is in agreement with (Griffith et al, 1988, Dick et
al,1985), where zero-tillage was found to give lower yield because, perhaps, of restricted root
growth. From existing literature, there is considerable evidence existing for unlikely poor
performance of the zero-tillage associated with the influence of climate, soil and management
practices. Minimum tillage performance in terms of enhancing yield could be limited,
especially at the earlier few years where minimum tillage persists. It was also observed that the
minimum tillage did not increase yield when the precipitation was reasonably ample or
increased (Hammel, 1995, Rao et al, 1992). Sorghum crop has shown to perform well with
about 300mm rainfall which is well distributed in the season. Other studies have shown no, or
variable difference in crop yield between minimum tillage and conventional tillage (Francis et
al, 1993). In our trial the simulation of the ripper did not provide the good depth for the root
development in the two seasons resulting in ripper tillage producing the least yield results.
The total rainfall amount received in the two seasons was below the average rainfall (570 mm)
received at Matopos. Moreover, rainfall distribution was poor after February 2014 (Fig.2),
which coincided with the late growth stage of the crop (March 2014). The crop was stressed
during the late grain filling stage to affect the yield. Much of the rains in December and January
did not help the crops much, as some of the water was lost as runoff in the heavy rainstorm.
The season tail of 2015 had effective precipitation (Fig.2). The first season of the trial received
low grain filling period precipitation as compared to the second year of the trial. The two
months, February and March of 2014 had a total rainfall of 56.1 mm while for the same time
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in 2015 a total of 128.7 mm of rainfall was received. Rainfall amount during the grain filling
period is critical in determining the sorghum crop grain yield.
Several research results from the long-term field experiments demonstrated the advantage of
zero tillage and straw mulch management from greater water use efficiency in regions receiving
annual precipitation of more than 250 mm (Aase et al, 1995). The good yield performance of
sorghum crop in basins can be attributed to the moisture conservation effect of the planting
basins. According to (Unger et al, 1986), sorghum grain yields varied for a given level of
precipitation during a growing season undoubtedly because of difference in initial soil water
contents and distribution of the precipitation.
The sorghum grain yield from the current trial was higher than that normally realized by the
small scale farmers (national sorghum average 0.8t/ha) possibly due to the effect of
management. Most of the small scale farmers use unimproved retained seed which compromise
sorghum yield even where soil and water conservation techniques would have enhanced crop
performance.
Lack of grain yield response to mulching suggested that soil water conserved by the mulch was
just adequate to impact positively on stover production and not enough for the conversion of
accumulated biomass into grain (Mupangwa et al, 2012). Sorghum can survive dry conditions
because of its ability to extract water from the subsoil (0.45–1.35 m depth) (Singh et al, 1995).
When sorghum is exposed to soil water stress its roots grow deeper into the profile thereby
increasing the volume of moist soil explored in search of water (Singh et al, 1995). The crop
residue applied as mulch was breakdown down by microorganisms as was observed in the
mulching plots.
The first season of the trial received lower precipitation during the grain filling period relative
to the second year of the trial. The two months; February and March of 2014, had a total rainfall
of 56.1mm while for the same time in 2015 a total of 128.7mm of rainfall was received. Rainfall
amount during the grain filling period is critical in determining grain yield. The rainfall
distribution in the two season coupled with crop management resulted in different yield
performance.
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CONCLUSION
Minimum tillage especially the use of basins needs to be adopted by farmers in the dry areas
of Zimbabwe for soil and water conservation to ensure household food security in the face of
climate change.
Despite the yield benefits from tillage method and season effect observed in our study, long
term studies under different soil, climatic and socio-economic conditions are still required to
substantiate the crop responses. There is also need to do further research on the effect of ripping
depth since the simulation of a ripper using the hoes carried out in the trial resulted in
significant lower yields.
The effect of precipitation during the grain filling period on the yield of sorghum need also to
be looked into, to see potential yield differences as a result of season quality in terms of amount
of rainfall received and its distribution over the season.
RECOMMENDATIONS
Mulching is the most omitted conservation agriculture practise by small holder farmers,
however it is very important for farmers especially on light soils to mulch. Significant benefits
from mulching depending on soil may, be realised after numerous cropping seasons.
The preparation of the basins should be done on time to effectively maximize the utilization
of rainfall in a particular season; the delay may result in reduced yields similar to those from
conventional tillage. Minimum tillage will result in a sustainable soil management with reduced
soil loss to erosion.
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ABSTRACT
Agriculture is the backbone of Zimbabwean economy. Around 85% of the population is directly
or indirectly dependent on agriculture and nearly 26% of Zimbabwe's GDP comes from
agriculture. Agriculture is Zimbabwe's culture, more than a profession or a business, for this
reason, adding additional income generating activities to existing agriculture would certainly
increase contribution to agriculture in the national GDP. Serious efforts should be made in this
direction and agritourism is one such activity. Tourism is the third largest economic sector in
Zimbabwe after mining and agriculture. Since independence, tourism has been the fastest
growing economic sector in Zimbabwe. The Zimbabwe Tourism Authority (ZTA) argues that
between 1980 and 1990, tourism had a yearly growth rate of 9.2% and 8.6%. The study sought
to explore the potential for agritourism in bringing socio-economic benefits. The exploratory
research design was used; fieldwork was used to collect primary data, while archival research
provided secondary data. Data were collected mainly through observation, interviews and
documentary analysis. Interviews were held with farmers and agriculture and tourism
ministries representatives. Results show that there has been limited focus on the potential for
agritourism in Zimbabwe. In this study, a range of socio-economic benefits were identified
with the potential for agro-tourism in the context of multifunctional agriculture and
diversification policy. A recommendation of this study is that agritourism should be included
in key national policies providing for tourism and rural development. Tourism is important ftor
employment generation, poverty alleviation and sustainable human development; it promotes
national integration, international understanding and supports local handicrafts and cultural
activities. Promotion of agritourism needs conceptual convergence of rural tourism, religious
tourism, and eco-tourism and health tourism.
Key Words: agriculture, agritourism, GDP, sustainable tourism, tourism
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1. BACKGROUND TO THE STUDY
Income generating activities to existing agriculture would certainly increase contribution of
agriculture in the national GDP (National Tourism Policy, 2013). Agro-tourism is an expansion
of eco-tourism, which encourages visitors to experience farm life. The concept was popular in
post-independence Zimbabwe when international tourists visited various agro-businesses
across the country. It is gaining interest from small farming communities across the globe as
rural folk realise the benefits of sustainable development brought about by similar forms of
nature tourism. Under this type of tourism, visitors have the opportunity to wade knee-deep in
the fields alongside farmers and their workers, among other activities.
Serious efforts should be made in promoting agritourism. Tourism is the third largest economic
sector in Zimbabwe after mining and agriculture. Since independence tourism has been the
fastest growing economic sector in Zimbabwe. The Zimbabwe Tourism Authority (ZTA)
argues that between 1980 and 1990, tourism had a yearly growth rate of 9.2% and 8.6% in
actual terms as calculated by tourism arrivals and receipts respectively (National Tourism
Policy 2013). Tourism has been on a growth path since independence in 1980, with arrivals
growing from 230 000 in 1980 to 2,3 million in 2011 and thus contributing about 10% of
GDP (about USD 1,8 billion) On the whole positive growth trend at global, regional and
national levels provides considerable opportunities for agritourism. The Zimbabwe Tourism
Policy recognises the entire country as a potential Tourism Development Zone (TDZ) where
new and niche products such as agritourism, cultural tourism, rural tourism, sport tourism,
township tourism, historical and heritage based tourism, school tourism, religious / pilgrimage
tourism, eco-tourism, health / medical tourism, adventure tourism, mega-eventing, and culinary
adventures (National Tourism Policy 2013).
The capacity for agritourism to generate private economic benefits for farmers has been
established in a range of international contexts. Nonetheless, there has been limited focus on
the potential of agritourism in Zimbabwe. In this study, a range of socio-economic benefits
have been identified on the potential of agritourism in the context of multifunctional agriculture
and diversification policy. A recommendation of this research is that agritourism should be
included in key national policies providing for tourism and rural development (Scoones et al
1996). The Government of Zimbabwe is prioritising the development of infrastructure, product
development and diversification, development of eco-adventure sports, cultural presentations,
572

providing inexpensive accommodation, streamlining facilitation procedures at airports, human
resource development, creating awareness and public participation and facilitation of private
sector participation to improve domestic tourism. Promotion of agritourism involves some
important stakeholders namely Ministry of Agriculture Mechanization and Irrigation
Development, and Zimbabwe Tourism Authority, Ministry of Tourism and Hospitality,
Zimbabwe Council for Tourism (ZCT) Hotels Association Zimbabwe (HAZ) Parks and
National Wildlife Authority of Zimbabwe (ZIMPARKS) line departments at state and central
governments, farmers as well as foreign embassies (ZTA, 2015).
2. TOWARDS A DEFINITION AGRITOURISM
The word “agritourism” is a mash-up of both “agriculture” and “tourism”. Fundamentally, agritourism involves an agriculturally based operation or activity that draws visitors to a farm,
ranch or any natural site like plantations, orchid farms and bee farms for outdoor recreational
activities, education, shopping or even lodging (ZTA, 2012). In literature agritourism is also
known by other terms such as agritourism, farm stays, agritainment, wine tourism, agricultural
tourism, farm vacation tourism, and farm tourism. Agritourism

broadly, involves any

agriculturally based operation or activity that brings visitors to a farm or ranch it includes a
wide variety of activities, including buying produce direct from a farm stand, navigating a corn
maze, picking fruit, feeding animals, or staying at a bed and breakfast farm (Chikuta and
Makacha , 2016). Any activity carried out on a farm or ranch that allows members of the general
public, for recreational, entertainment, or educational purposes to view or enjoy rural activities,
including farming, wineries, ranching, historical, cultural, harvest your own activities, or
natural activities and attractions qualifies to be agritourism. Agritourism therefore refers to the
act of visiting a working farm or any horticultural or agricultural operation for the purpose of
enjoyment, education or active involvement in the activities at the farm or operation that also
adds to the economic viability of the site (UNTWO, 2015).
3. STATEMENT OF THE PROBLEM
There is a general relationship between agricultural development and agritourism. Agriculture
and other land use changes such as settlement affect the development of agritourism .There is
need to balance the levels of agriculture production and tourism as the excessive development
of one may be detrimental to the other. This can be achieved through assessing the
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combination of the two through implementing the principles of agritourism. The potential of
agritourism for augmenting terrestrial agricultural productivity is increasingly recognized
globally (FAO 1998). However, agritourism can lead to degradation of the farm if it is not
properly managed. In Zimbabwe, agritourism has not been practiced on a wide scale because
of limited knowledge of the phenomena. Hence as a result, wetlands have been lost or
degraded because of disruption of the natural processes by agricultural intensification,
urbanisation, pollution and dam construction and other forms of intervention in the ecological
and hydrological system (Matiza and Crafter,1994). Therefore there is need to analyse the
linkage between tourism and agriculture and other land use patterns and how they relate to the
socio -economic development of Zimbabwe (ZTA, 2016).
4. AIM OF THE STUDY
The study aimed to explore the potential of agritourism to innovative farmers in Zimbabwe.
4.1 Objectives of the Study
The specific objectives of the study were to:
1. Establish the impact of agritourism to the development of Zimbabwe
2. Identify the conditions necessary for the development of agritourism in Zimbabwe
3. Evaluate the benefits that are brought about by agritourism
5. MATERIALS AND METHODS
The exploratory research design was used. The intention was to explain concepts as well as to
explore and interpret the relationship between variables to get the nuances of agritourism from
a theoretical and practical perspective especially from a Zimbabwean perspective. Fieldwork
was used to collect primary data, while archival research provided secondary data mainly
through document analysis. Data were collected through observation, interviews with relevant
stakeholders such as the Zimbabwe Tourism Authority and documentary analysis. Interviews
were held with farmers and agriculture and tourism ministry representatives. Purposive
sampling was also used to select only those farmers whose farms are actively pursuing
agritourism activities. An interviewer administered questionnaire was used to gather data from
farmers, personal observations were noted down, through the use of a prearranged observation
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guide, especially on activities related to agritourism. Data gathered were processed and
analysed through emerging themes.
6. RESULTS AND DISCUSSION
6.1 Reasons for the Development of Agritourism in Zimbabwe
In the global south, the environment is generally still in its pristine nature hence it becomes
worthwhile to combine both tourism and agriculture. There is an emerging trend in the travel
industry where consumer trends change due to an increase in the number of shorter trips as
people prefer stay closer home. This is mainly necessitated by declining planning horizons as
a result of the search for new educational experiences. This scenario emerges from an interest
in outdoors, the environment, and the heritage, especially among sub urban and urban residents.
At farms, the general trend is tipped towards local, home grown, fresh, high quality produce
and products, of known origins and ingredients. Globally, people have become more interested
in what they eat and how their food is produced. They want to meet farmers and processors and
talk with them about what goes into food production i.e through the cradle to cradle approach.
For many, the visit to farms, marks the first time they see the source of their food, be it a dairy
cow, an ear of corn growing in a field, or an apple they can pick right off a tree. Farmers and
ranchers use this interest to develop traffic at their farm or ranch, and interest in the quality of
their products, as well as public awareness of their products. Many people are now looking to
escape the hustle and bustle of city life to get back to nature; resulting in agri-destinations
gaining popularity. Amidst various food scandals, many people have a growing interest in
tasting naturally cultivated foodstuffs and finding out more about food production from farmers
and agriprocessors. There is something for visitors to see, do and buy.
6.2 The Scope of Agritourism in Zimbabwe
Agritourism has great scope in the present socio-economic and political context. It is an
inexpensive gateway to tourism. The cost of food, accommodation, recreation and travel is
least in agritourism hence in the process it widens the tourist base. Presently, it would seem the
rich and the urbanites (only a small portion of the population) are those only involved in travel
and tourism. Agritourism however takes travel and tourism to a larger population due to its cost
effectiveness. Peoples curiosity regarding farming and related life style for urbanites has roots
in villages. In all this, there are curios to learn about, sources of food, plants, and animals, raw
materials like wood, handicrafts, languages, culture, tradition, dresses and rural lifestyle.
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Agritourism therefore has the capacity to satisfy the curiosity of this segment of population due
to its proximity to farmers, villages and agriculture. Generally, there is a strong demand for
wholesome family oriented recreational activities hence villages provide recreational
opportunities to all age groups through rural games, festivals, food and dress. The urban
population finds solace in nature. Contemporary lifestyle is stressful and as result, average life
expectancy has drastically gone down as the economy takes a nose dive. Consequently, people
search pro-nature facilities that are appear to be more peaceful. This list goes on to include pronature medical approach use of indigenous medical knowledge and increased consumption of
organic foods at home and abroad. Resultantly, health conscious urban population focuses
attention on pro-nature villages.
Increasing desire for peace and tranquillity as demanded by modern life is a product of
diversified activities with the intention of making more money to enjoy modern comforts.
Agritourism comes handy as a means for searching peaceful location because peace and
tranquillity are inbuilt in agritourism due to its proximity to nature. Interest in the natural
environment is one of the main features of urbanites since the natural environment is usually
divorced from their busy urban life i.e. birds, animals, crops, mountains water bodies, and
villages present a different atmosphere urbanites. Tourists are generally disillusioned with
overcrowded resorts, sites and cities. Agritourism could offer replica facilities that could be of
immense benefit to potential tourists. Cities are expanding due to sprawl; this comes at a cost
to villages. Although the rural urban continuum exists, there is however daily commuting to
and fro every day. Zimbabwean urbanites love and respect their ancestral home and villages.
Visits to villages satisfy their desire because they spend quality time with family. Quality time
can be disturbed by lack of requisite infrastructure and money which can be overcome by
agritourism as it is relatively cheap (Chikuta and Makacha, 2016).
Rural recreation is of paramount importance, villages provide variety of entertainment and or
recreation through, handicrafts, villagers (farmers) lifestyle, dress, language, culture and or /
traditions. The agricultural environment itself is intriguing as well as the entire production
process i.e through inputs, processing and outputs structure. Intrigue is aroused by the highest
crop yielding farm, highest animal yielding farm, processing units, innovations, products such
as farm gate fresh market, processed foods and organic foods. Agritourism products are
availed in the form of agri-shopping, culinary tourism, pick and own your tree , plot, bed and
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breakfast, pick and pay, bullock cart riding, horse riding, elephant and buffalo riding, boating,
fishing, herbal walk, rural games and health (ayurvedic) tourism. Agritourism promotes
educational awareness about rural life and knowledge and about agriculture science among
urban school pupils. School picnics can be done at agro farms by offering agricultural
knowledge through recreation. Thus, learning becomes easy, fun, and effective. The adage
seeing is believing, doing is learning becomes imperative here.
6.3 Principles of Agritourism in Zimbabwe
On Zimbabwean farms the majority of lands are still in their pristine state hence there is
something for visitors to see i.e. animals, birds, farms and nature are few things which
agritourism could offer to the tourist. Apart from these, culture, dress, festivals and rural games
could create enough interest among visitors to agro farms. In addition, there is always
something for visitors to do e.g. participating in agricultural operations, swimming, bullock
cart riding, and camel riding, buffalo riding, cooking and participating in the rural games. The
visitors could crown their stay or visit by buying, dress materials, farm gate, fresh agriculture
products, and processed foods are some of the few items which a tourist can buy as memento
for remembrance.
6.4 Factors Contributing to the Success of Agritourism in Zimbabwe
In the majority of the cases, Zimbabwean farmers are less educated, less exposed and innocent.
However with the land reform the situation has changed. For a farmer, any outsider is a guest
and is treated wholeheartedly without any commercial motive. Treating guests is pleasure for
the villagers (farmers) than pain. The farmer entertains the guest while entertaining himself in
the process. He is not like an exploitative natured businessman. This gesture in itself facilitates
a clean and congenial tourism atmosphere.
Zimbabwean farms are mainly classified as rural. The majority farms are located far from the
city and lack the modern facilities, but are blessed with natural resources. Investments are made
by nature in the form of water bodies, fields, forest, mountains, deserts and islands. The
community structure at farms is more homogenous, and treating guests is part of the
homogenous culture rather than a professional activity. The natural environment is important
for such form of tourism. Zimbabwe has rich resources in the agricultural sector namely land;
water and plants are unique from place to place bringing diversity and creating curiosity. Each
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field is unique which adds to the attraction of tourists. The way of cultivation and the products
are great attraction to the urban population. Indigenous knowledge system (IKS) of rural people
is wealth, that adds to the novelty and curiosity of urban population. The combination of farmer,
village and agriculture creates a breeding ground that provides unlimited satisfaction to the
tourist especially from urban areas.
6.5 Market Mix Strategy of Zimbabwe’s Agritourism
The products in agritourism are seeing, believing and ultimately experiencing. This experience
is unique, unparalleled and unmatched. The experience of climbing a tree, buffalo and elephant
riding in the pond and enjoying the sugarcane juice in the field itself are unique. None of the
million dollar tourist centres can create and offer such life enriching experiences. The
Zimbabwean Government is encouraging domestic tourism. Domestic and foreign tourists
could be priced differently as the capacity to pay is different. For a bullock cart riding, a foreign
tourist could pay one dollar where as a domestic tourist can pay only one fourth or half the
price. Pricing in agritourism products depends upon location and importance. Agritourism
which offers agriculture and rural life as an attraction can charge normal pricing whereas
agritourism spots which are very close to established tourism centres such as historical towns,
hill stations, around big cities can go far little bit higher charging due to added value. As the
pricing in established tourism places are high, it works out to be cheaper for tourists to stay and
enjoy in agritourism spots. Agritourism units can charge higher in peak season i.e. November
to January and charge less during the rest of the period. During rural festivals or at the time of
important events agritourism units can charge more, even though it is off season.
The place where tourists are accommodated also influences the pricing. If the tourists are
accommodated in villages and / or on

farms, the charging could

be less where as

accommodation charges could be lower if the infrastructure is already in place e.g.
accommodation provided at the farmers’ house in the village. Promotion of agritourism and
strategic alliances can take place at three levels: a) Alliance with airlines, tour operators and
foreign embassies. This alliance brings foreign tourists and upper middle class urban tourists
into the agritourism fold. It may not be possible for individual farmers to take up this task.
Government can assist the agritourism units through promotion and co-ordination activities
through state, central, and quasi state tourism departments such as the Zimbabwe Tourism
Authority and the Zimbabwe Council of Tourism, b) Alliance with hotel industry so that large
578

number of domestic tourists can be attracted and finally c) Promotion of agritourism units
through the word of mouth. As the absorption capacity of each unit is less, direct marketing
with little aggressive mode is enough for an agritourism unit to survive. Agripreneurs can go
for combined publicity on cost sharing basis. But, promotion of this group approach needs
initial government interventions for it to be successful. Some Zimbabwean policy initiatives
could surely help in promoting of agritourism. Building brand identity such as “Welcome to
Zimbabwe; a world of wonders” and encouraging private public partnership in tourism sector.
Ultimately agritourism concept has to be positioned in the minds of tourists as “Come, pluck a
fruit, smell a flower, run in the fields, lie on the hay and be lost in Rural Zimbabwe”.
6.6 Benefits of Zimbabwe’s Agritourism
Farming is an integral aspect Zimbabwean society which can easily be turned into an
agritourism product. Some farms in Zimbabwe such as HoneyDew in Greendale, Harare have
been practicing agritourism, and there profits have increased. In the process, sustainability is
ensured in both the agriculture and tourism industry. Some benefits of agritourism to Zimbabwe
include but are not limited to those proffered in Table 1 below.
Table 1: Benefits of Agritourism to Zimbabwe
Group of People / Benefits
Sector
For Farmers

Diversification of activities and income
Protection against fluctuating conditions
Increased on-farm revenue and employment
Off-season revenue and employment
Allows farmers to add value
Increased business sustainability
Allows farmers to keep their farms and pass them down to future
generations

Agritourists

Nostalgic, rural, outdoor experiences
Landscapes, activities, the way of life
Education
Agricultural practices, food production, rural values
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Group of People / Benefits
Sector
Contribution to sustainability
Access to healthy, fresh, local (and organic) foods
Direct sales with a “personal touch
Safe, wholesome, family experiences
Good, clean and fun
Tourism Industry

A new(ish) and underexploited market
Enhancement and diversification of existing destination regions
New destination sites and regions
Expanded season

For Society

Contributes to rural economic development
Builds support for agriculture and farmers
Builds support for regional products
Preservation of rural lands, buildings and heritage
Woodlands, orchard and vines, pastures, farmsteads are conserved
and preserved

Economic Growth

Agritourism offers a path to economic development in rural areas.
Agritourists tend to be more than willing to pay to experience a
unique opportunity to get in touch with nature.
Agritourism offers a path to leveraging the strong, mature
agricultural sector so as to boost the up-and-coming tourism sector.

Social Benefits

Using the land for agritourism, the state can achieve a balance in
tourism development between urban and rural areas
Spreading the benefits of tourism by contributing to poverty
alleviation especially in rural areas

Heritage

and A more sustainable and environmentally-friendly way of life can be

Ecological

established

Conservation

Agritourism sites can achieve full benefits of a sustainable and
controlled environment.
Agritourism offers a path to economic development in rural areas.
Capture new farm customers,
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Group of People / Benefits
Sector
Educate the public about agriculture
Enhance the quality of life for the farm family, which represents
both, economic and non-economic benefits
Food and Beverages

The harvest season in Zimbabwe spells a windfall for farmers;
bringing in more tourists, and hence a new income source, to agridestinations. Alongside agri- tourism, coffee, tea and oranges can
be exported

Transport

The majority of agri-destinations are mainly located in rural areas.

Infrastructure

The transportation infrastructure in the countryside is rather
underdeveloped. The arrival of tourists calls for better modes of
transportation to bring them to and from their destinations e.g.
having accessible roads, installing road signage and upgrading
from gravel to asphalt and concrete roads.

Accommodation

Proper accommodation arrangements for tourists visiting the
countryside is important for the development of agritourism
Infrastructural development in the form of hotels, lodges and
motels
Development of hotels and lodges may be important as community
meeting and recreational places.

Source: adapted and modified from (Tourism Strategic Plan, 2011- 2015)
7. Factors that Need Attention for the Promotion of Agritourism in Zimbabwe
Publicity is essential to the tourism sector; it is difficult to provide publicity to a remote
agritourism unit. Hence, either collectively agritourism operators can provide publicity or
organizations like ZTA and ZCT; press and tour operators can take up this responsibility.
Information technology can play a very important role in promotion of agritourism. In this
regard farmers could take advantage of the almost 100% internet penetration in Zimbabwe. An
interactive website containing all details about agritourism locations and a toll free 24 hour
help line can provide necessary information to potential agritourists. The ZTA can undertake
this activity as the parastatal is responsible for the development of tourism in Zimbabwe. In
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the same vein, transport, reaching out to the remote agritourism units is the greatest challenge
due to lack of approach roads and poor transportation facilities in rural areas in general. Tele
connectivity is a must which is yet to reach villages. Government should play important role
in creating roads, transport and telecommunication to rural areas on priority basis especially
where agritourism units are established. These efforts could be effective with public private
participation (PPP) in partnership mode. This could be enhanced by working with other
organisations through the build own, operate and transfer (BOOT) model. Organisations such
as Campfire can come on board during the implementation of these activities as are they are
already established in most rural areas through the sustainable exploitation of natural resources.
Safe and clean accommodation is a prerequisite in agritourism. Urban and foreign tourists look
for minimum facilities when they visit agritourism areas. Orienting agri-tour operators on one
hand and providing incentives to such efforts on the other hand is obligatory. Regular clean
water supply and neat toilets are important requisites. At the same time, it is necessary to limit
modern facilities in which the agritourist is not interested. The networking of public and private
stakeholders at both the national and state level to assist thegritourism operator at remote places
is essential. This network can get policy support, infrastructure and publicity to agritourism
units. Farmers’ capacity to maintain facilities and enhancement of hospitality and public
relation which they may not be aware of , need to be built. Related to accommodation, is the
issue of safety. Agritourism products are generally located in remote areas which lack roads,
medical facilities, telecommunication and sometimes threat from theft, vandalism and wild
animals. Hence, support of local population and police is must, besides facilities for emergency
medical care need to be spruced up. Zimbabwe has a section of its police designated as tourism
police. Public private partnership, agripreneurs, farmers’ organizations, co-operatives, NGOs
and agribusiness companies can take up these ventures with the help of farmers and
government agencies and tour operators. Transporters and the entire hospitality industry would
also benefit in the process.
8. Agritourism Opportunities in Zimbabwe


Zimbabwean tourism industry is growing at the rate of 11% which is generally more
than the growth rate at global level. By introducing agritourism concept, not only
present growth rate is sustained but also value addition which contributes to further
growth (Tourism Strategic Plan 2011- 2015). Tourism industry is expected to play a
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major role in Zimbabwe’s economy, with a vision to have a $5 billion tourism boom
from five million arrivals, contributing 15 percent to GDP by 2020.


Zimbabwe has entered amongst the top 10 tourist destinations list. Zimbabwe is already
established as one of the top tourist destination in the world. Value addition by
introducing novel products like agritourism would only strengthen the competitiveness
of Zimbabwean tourism industry in the global mark (UNWTO 2015).



Government initiatives and policies in five year plan allocation have been increased
from increased financial allocation reaffirms the government commitment to tourism.
The increased financial allocation could be used for capacity building of service
providers, creation of infrastructure and publicity.



As a tropical country with an abundance of natural resources and biological diversity
Zimbabwe is well-positioned for agritourism. Zimbabwe hosts various events,
including farmers’ field days; agricultural shows in the major cities of the country and
agricultural fairs, which are estimated to be attended by over 50, 000 tourists each year.
These tourists could bring in millions of dollars.



Zimbabwe has a strong cultural heritage, and geography which provides ample and
unlimited scope for the growth of agritourism business. Zimbabwe has diverse agroclimatic conditions, diverse crops, people, culture and mountains which provides scope
for promotion of all season, multi-location tourism products. Increasing number of
tourists are now preferring non-urban tourist spots. Hence, there is scope for promotion
of non-urban tourist spots in interior villages by establishing agritourism centres.
However, huge capital expenditure and adequate facilities and publicity are must to
promote such centres so that they become viable.

9. Agritourism at Honey Dew Farm, Greendale, Harare
The Honey Dew Shopping Complex and farm are located in Greendale Avenue, Greendale, a
low residential area in Harare. The Honey Dew farm is located on a wetland. The complex
incorporates a number of franchisees and lessors providing numerous different services and
facilities. These include a butchery, fishmonger, coffee shop, gift shop, outdoor living centre
and garden centre. Honey Dew used to employ more than 300 people at its peak in the early
1980s and 1990s. Because of successive poor management, the place is no longer as functional
as it used to be. At the moment the main shop at the farm is leased out to Food Lovers Market
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and the majority of items that are sold there come from elsewhere yet previously more than
80% of the stuff in terms of vegetables used to be grown locally.
Honey Dew has been in the Wilcox family for 23 years but has since been changing hands over
the years. In 2004, CFI Holdings Ltd (CFI) acquired total shareholding in Honey Dew Farm.
It was envisaged that the farm would operate as a separate entity within the portfolio of CFI’s
retail division. The main activities of CFI include letting of properties; production and sale of
fresh produce; wholesaling and retailing of consumer goods; manufacture of stock feeds;
provision of animal health provisions; operation of maize and wheat mills; poultry breeding,
production, processing and selling, development and management of real estate. CFI, the
Zimbabwe Stock Exchange-listed agro-industrial enterprise has been making losses due to its
inability to attract funding as a result of mismanagement. This has affected the operations at
Honey Dew which is now a pale shadow of its former self.
Honey Dew has a history of a well-established reputation for a wide variety of quality, fresh
vegetables, fruit and specialised dry goods. It used to processes various forms of honey
obtained from out grower apiarists. Honey Dew was once a viable agritourism enterprise,
growing its own vegetables close to its shopping complex where the vegetables were sold as
well as being supplied to organisations such as hotels, schools and hospitals. Honey Dew farm
is an example of a farm close to the CBD of Harare and were agritourism used to be practised.
A number of activities are found at the farm including a small stream that passes through this
wetland and was once used for canoeing. However, human activities including indiscriminate
activities such as farming have led to the degradation of this once thriving agritourism
enterprise.
10. The Future for Agritourism in Zimbabwe
There was a time (1980-1999) when Zimbabwe was considered the second wealthiest nation
in Southern Africa, next to only South Africa. There is need for country’s state planners hope
to recapture this lost economic glory, and agritourism is one way of ensuring this. There is
potential for agritourists to bring in revenue and create a more ecologically sustainable
environment. This will generate employment in rural areas, where the employment is often
most needed. This helps in lowering excessive migration to urban areas. The agritourism sector
in Zimbabwe is laden with problems, due to negative publicity and political polarisation. The
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country is vulnerable to natural disasters such as agro-meteorological hazards e.g. droughts and
dry spells. Considerable attention has however been paid to disaster management, though
efforts are largely concentrated on preparedness and post-disaster response; not so much on
avoidance and mitigation projects.
The thrust by the Ministry of Tourism and Hospitality Industry in its 2011 - 2015 strategic
document is of paramount importance. The ministry envisaged the development and promotion
of domestic tourism through development of new community based tourism projects and
revival of dormant projects; promoting and encouraging home stays through development
of votels (village hotels); capacity building programs for the community based tourism
project; resource mobilization, including support for community based tourism projects
(CBTS) through non-traditional sources of fiscal support such as development and cooperating partners; launching of domestic tourism campaign through the Zimbabwe Tourism
Authority, aimed at promoting visitorship to lesser known tourism destinations in Zimbabwe
such as agritourism enterprises. In line with UNWTO sustainable tourism for the elimination
of poverty (S-T-E-P), the thrust of the policy is for tourism to reduce poverty and encourage
sustainable economic development (National Tourism Policy, 2013). The development of agro
tourism augurs well with sustainable development and ensures geographical spread of such
enterprises throughout the country.
Agritourism thrives in a stable macroeconomic environment. It is critical that the current stable
macroeconomic environment p r e v a i l s into the future in order to ensure that a conducive
environment for tourism business is maintained. It is envisaged that among others,
government will maintain a multicurrency system until the economy fully stabilizes,
liberalized exchange controls and also the need to maintain policy consistency to ensure
policy predictability. The importance of political stability cannot be overemphasised. It is
envisaged that the current prevailing peace will continue since tourism is a peace and
apolitical undertaking. There is a direct correlation between positive tourism growth and
stable political environment. Tourism is an enabler-driven-sector (ZTA, 2009). As such the
success of the tourism sector rests on the collaborative efforts of the enabler sectors. It is
critical that the transport sector, both air and road continues to provide the umbilical cord that
binds tourism and the tourists. And, finally sufficient funding for tourism programmes by
central government should be made available timeously. Nevertheless, there is vast potential
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for agritourism in Zimbabwe due to the country’s tropical climate which is favourable to the
growth of various crops and the rearing of several animals including game.
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ABSTRACT
The study was carried out in Matobo District of Matabeleland South province, Zimbabwe.
Semi-structured questionnaires were administered to A2 farm owners who were interviewed
individually at their farms. Semi structured interviews were done with key informants from
public institutions. Interviews were also conducted among different representatives involved
or affected by activities of A2 farmers. The beef value chain of A2 farmers in Matobo district
consists of the farmers who produce beef cattle, the cattle buyers who also process meat in
abattoirs, retail the beef in butcheries and consumers who are either institutional consumers or
household consumers. Most of the beef (90%) processed through abattoirs in Bulawayo is
consumed 400km away in the capital city, Harare. There are specialized roles from the producer
to the abattoir; with farmers into beef cattle production and buyers solely buying cattle. The
farmer incurs the highest production costs and risk evidenced by a value share of 68% whereas
the abattoirs and retailers have value shares of 11 and 21% respectively. The value chain is
coordinated by the auctioneers and relations are based on trust.
Key Words: chain actors, chain analysis, chain governance, stakeholder matrix, value share

1 INTRODUCTION
The land reform programme of 2000 resulted in the egression of commercial beef cattle farmers
and the entrance of new A2 farmers. Changes brought about by the land reform programme,
population growth and change in livestock and livestock products on demand due to changing
markets, have affected current and future livestock productivity (Mavedzenge, et al., 2008).
Furthermore, markets have expanded from being locally based to regional and international.
Innovation systems, standards and systems of production and production technologies have
also changed. Changes have also been seen in incomes earned by the growing population which
further influences the socioeconomic systems surrounding the A2 farmer (Kaplinsky and
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Morris, 2000) who also participate in beef value chains (Nkomboni and Beekman, 2015). It is
within this context, that a study on A2 farmer based beef value chain (BVC) analysis was
carried out from an inclusive value chain (VC) wide perspective to understand the A2 beef
farmer VCs and allow for an insight into factors influencing performance of the A2 beef cattle
farmers. The livestock value chain describes a range of activities which are required to bring
a livestock product or service from conception, through the different phases of production
(involving a combination of physical transformation and the input of various producer
services), the delivery to final consumers, and final disposal after use (USAID, 2005). A value
chain analysis (VCA) shows how chain activities are performed, how value is created and
shared among those who participate in a VC (The Foreign Investment Advisory Service
(FIAS), 2007). An A2 farmer beef value chain approach allows for an understanding of the
system as whole enabling a more effective and efficient development of support strategies.
Emphasis was put on answering the following questions:
 How does the chain flow and who is the chain co-coordinator -In the formal and
informal chain?
 Who has the power in the chain and who is the most vulnerable actor
 How does the informationn flow and which information is needed or given?
 What is the role of the supporters?
The study aimed to analyse the beef value chains, herd and market dynamics of A2 farmers in
Matobo District in Matabeleland South Zimbabwe
OBJECTIVES
The overall objective of this study was to understand the A2 farmer beef value chains, markets
and market system characteristics so as to understand how the value chain operates and how it
can be developed.
2 METHODOLOGIES
2.1 Study site
The survey research was carried out in the Matobo district of Matabeleland South province of
Zimbabwe. The southern part of the district is dry and lies in the Agro-ecological Natural
Region (AENR) V (Sibanda, 2014). Matobo district is drought prone and suitable for semi589

extensive to extensive farming. It characterized by erratic and low rainfall (450-600mm per
annum), periodic seasonal droughts and severe dry spells. The district is generally unsuitable
for cropping (Sibanda, 2014). Farming is based on livestock production which is the most
viable and dominant agricultural practice. Some drought tolerant crops such as sorghum, millet
and fodder can also be grown in the district. Land under the A2 model has been allocated to 60
farms with landholdings ranging from 200 to 1500ha. Some of the A2 farms are located in the
area smaller land holdings averaging 50 ha and practice horticulture production. The district
has a total carrying capacity of 870 LUs (Livestock Production Division (LPD) report, 2012).
Model A2 farmers constitute less than 10% of the total farmers in this district.
2.2 Survey
A semi-structured questionnaire was administered to 43 of the 60 farm owners who were
interviewed individually at their farms. Observations of farm infrastructure and cattle were
made during the interviews.
2.3 Interviews
Semi structured interviews were done with at least 2 informants from each of the extension
services in LPD, Agriculture and Extension services (AGRITEX), Veterinary services,
Ministry of Lands and Research and Specialist Services (DR&SS) Also informants from input
suppliers, retailers, abattoirs, auctioneers and consumers were interviewed. Twenty Consumers
that were interviewed were randomly selected in relation to accessibility and whether they were
willing to take part in the interview. In all interviews gender and age were taken into account
as respondents were being selected.
2.4 Observations
The study made use of direct and indirect observations during the interviews. Indirect
observations were made with butcheries where prices of different grades of beef were noted.
Questions were asked indirectly to workers in the butcheries on value addition activities done.
Furthermore, observations were made by attending and sitting through beef cattle auctions as
animals were being sold to note how animals were being priced, the buyers present and how
business was conducted.
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2.5 Data analysis
Qualitative data collected from the interviews was analyzed using content analysis. The
analysis mainly looked at the trends and patterns provided by respondents and differences in
opinions. The assumption for this analysis was that consistency among respondents shows
reliability of generated information.
The VCA was done to characterize how chain activities are performed in the A2 farmer’s beef
VC, how value is created and shared among those who participate in this VC. A stakeholder
analysis was also done to identify the different stakeholders, actors and their supporting
structures that are involved in the A2 resettled farmer beef value chain.
3 RESULTS
3.1 The beef cattle value chain map for A2 farmers in Matobo District
The VC was made up of the 34 interviewed farmers who are producing beef cattle, 5 cattle
buyers who buy the cattle from the farmers, 5 abattoirs who skin and cut up the skinned
carcasses, butcheries that either wholesale or sell directly to consumers after cutting into
specialized cuts and packaging. The farmers are grouped into three classes according to their
herd sizes. All groups sell their cattle at the same auction floors in Bulawayo. Beef cattle and
beef products are moving from the farmer up to the consumer and money is flowing from the
consumer down to the farmer. Information flow is bi-directional between the actors and
between actor and supporters (figure 1)
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The Beef Value Chain for A2 Resettled Farmers in Matobo District
of Zimbabwe
Consuming

Institutional
consumers

Local
consumers

Consumers
(Harare)

6%

90%

4%
$5.6/kg

Wholesaling

Butcheries
Package of specialised cuts

Processing

Abattoirs
Skinning
Cutting into specialized cuts

Money FLow
Information

Butcheries

Retailing

Collecting

$3.8/kg

Producing

Input Supplying

Function

27%

41%

Small-scale A2
resettled
farmers
17

Medium-Scale A2
resettled farmers
12

32%
Large-Scale A2
resettled
farmers
5

Input sulppiers- AgriFoods, National Foods,
VetSupplieirs, Farm and city, providing feed and
veterinary supplies

Actor

Figure 3: The beef value chain of A2 farmers in Matobo District
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Auctioneers, CCSales, AgriAuctions

6%

Cattle Buyers (5)

Government Extension Services Vet, AGRITEX, Research,
DLPD

$4.4/kg

Veterinary Public health and safety Department, Environmental Management Agency
Zimbabwe Commercial
Farmer’s Union

Small
Butcheries
around
Bulawayo

Supporter

3. 2 Stakeholder Matrix
The activities and functions of the different actors and stakeholders were mapped out to identify
how they are involved in the chain and the value that they add to the functioning of the chain
(Table 1).
Functions

Stakeholders

Activities

Challenges

Input

Private

Sell agricultural inputs like

Long distances to farmers

supplying

agribusiness

stock feed, vaccines and

High costs of agro products as most

companies located in

acaricides to farmers,

are imported.

Bulawayo.

Provide

(Agrifoods, National

feeds, veterinary chemicals

Foods,

and drug use.

feed

and

National

information

on

Importation of raw materials raises
the product prices

Tested seeds, National
Vet & Farm and City)
Producing

small, medium and

Produce mainly Brahman

Costly accessibility of inputs to

large

crosses.

farmers.

commercial

scale
farmers

Majority

of

production

High mortalities (about 50%)

who were allocated

(74%) is based on finishing

Low productivity (45% calving ratio)

land during or after

off veld.

Poor mobility

the FTLRP of 2000

Most animals (over 70%)

No title deeds to land)(land still

are

belongs to state)

sold

at

auctions

in

organized
or

around

Lack of collateral to access loans (no

Bulawayo.

title deeds to land) and therefore

Some (6%) are sold straight

Limited capital

to the butcheries that send
the animals for slaughter at
the abattoirs for a fee.
Processing

Abattoirs

Weigh and buy beef cattle

Competition

from

chicken, pork and fish

farmers

auction
slaughter

floors.

at

cattle
Provide

services

for

individuals and butcheries.
Slaughter, grade and sell to
consumers through their
own butcheries.
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with

small-stock,

Retailing

Butcheries

Buy meat from abattoirs

Competition with cheaper sources of

and beef cattle farmers.

protein such as pork, chicken and

Butcheries who do not have

fish.

own abattoirs have their
cattle

slaughtered

at

abattoirs for a fee.
Sell

beef

consumers

meat

to

cut

and

packaged into specialized
cuts

(choice,

super,

economy) depending on
quality of the beef.
Sell

offals,

head

and

hooves to consumers.
90% of beef and beef
products

are

sold

to

consumers in Harare.
Process beef into products
like

biltong,

sausages,

minced and cured meat.
Veterinary

Veterinary officers

Control

and

prevent

Few extension officers per site Poorly

support

livestock diseases.

funded to purchase needed drugs

services

Enforce laws governing

Limited funds to carry out proper

animal and public health.

diagnostic and research for diseases.

Provide veterinary services

Poor mobility

and drugs to farmers.

Old and dilapidated laboratories for

Conducts ante and post

diagnostic purposes

mortem of slaughter stock.
License

butcheries

and

abattoirs.
Collect clearance fee of
USD 10.00 per truck load
of animals on behalf of the
Department of Veterinary
Services of Zimbabwe.
Police Support
services

Police officers

Verify ownership of the

Long distance from police station to

animals.

farms where clearance of animals is
done
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Provides

a

clearance

certificate to buyers and

Poor mobility
Corruption

sellers.
Provide

anti-stock

theft

services.
Environmental

Environmental health

Approve siting of abattoirs

Poor mobility

services

officer

working

Duplication of roles with veterinary

together

with

Veterinary services.

services and municipal inspectors

Inspects the environment
around abattoirs and beef
auction

floors on how

waste is disposed off.
Enforces

human

health

standards

abattoirs

and

retailers.
Livestock

Extension agents

Provide technical advice on

Poor mobility

production

production of livestock.

Understaffed with two

Technical

Development

advice

implementation

and

extension

officers manning and serving the

of

whole district

Provision of advisory and

Poor mobility

Extension

extension services.

Under trained personnel

Services-

Dissemination

livestock policies.
Agricultural &

Extension agents

agricultural

of

and

market

information.
Livestock

Research

and

research

specialist

services

support

personnel

Research,
develop

characterize,
and

conserve

Low

budgetary

allocation

by

Government.

livestock breeds, pastures

Poor linkages with extension services

and forages adaptable to

Poor linkages with farmers

Zimbabwe’s

Poor mobility

agro-

ecological region 3-5.
Provide breeding stock to
cattle producers.
Conduct

research

for

development of appropriate
and sustainable livestock
production technologies for
farmer support.
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Disseminate

new

technologies and relevant
information on livestock
production.
Provide

testing

advisory

services

and
on

livestock feeds, pastures
and

rangeland

management.
Farmer unions

Farmer associations

Represent and lobby for farmers

Farmers not willing to pay subscriptions

e.g. for lower input prices.
Provide marketing information
and general animal management.

Table 2: Stakeholder matrix of the A2 beef value chain in Matobo District
3.3 Chain relations and value shares for stakeholders in the beef value chain in Matobo
district
It was noted that farmers are not organized and are of the opinion that buyers are unfair in their
pricing as the systems depend on the name of seller. They indicated that they have observed
higher prices paid to large commercial farmers who have been in the system for long. Despite
this observation relations within the chain are relatively stable and are based on mutual respect.
Communication between buyers and farmers is relatively good and open dialogue is mutually
practiced. Farmers and buyers communicate on a personal basis and for some communications
are done through the auctioneer. 55% of the interviewed farmers indicated that they receive
market information from the auctioneers whilst 17%. 11% and 10 said the information is from
extension service, RDC and media respectively.
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Market Information

extension
services
17%
media
10%

farmer
associations
7%

RDC
11%

auctioneers
55%

Figure 4: Sources of market information

Of the interviewed A2 farmers of Matobo District 56% considered grading systems to be poor,
12 % said the grading system was nonexistent whilst 12% ranked them good even though the
majority (73%) said that they are aware of customer requirements. On the other hand the
auctioneers pointed out that the same standardized quality systems are in use with all cattle
farmers including the A2 farmers.
Grading System
not exisitng
12%
good
12%
average
20%
poor
56%

Figure 5: Percentage ranks of the grading systems

From the producer to the processor there are specialized roles within the chain as farmers are
into beef cattle production; buyers are solely buying beef cattle for slaughter. From the cattle
buyers to the consumer the roles are not specialized as the majority of cattle buyers own the
abattoirs and butcheries. The markets are characterized by relatively strong institutions where
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rules and regulations regarding trade are well enforced but lack financial services to support
farmers.
The value shares for each actor involved in the A2 farmer beef value chain (table 2), highlights
three actors adding value to the beef, the farmers, abattoirs and the retailers. Farmers produce
the animals, abattoirs slaughter, skin, clean and cut the carcasses and retailers cut up the
carcasses into specialized cuts and package. The farmer is incurring the highest production
costs as evidenced by his value share of 68% whereas the abattoir and retailer have value shares
of 11 and 21% respectively. The high value share for the A2 farmer indicates that the most risk
is at production level in the beef VC. Farmers do not normally cost land and time in their cost
benefit analyses.
Function

Actor

Variable

Revenue

Cost

$/kg

($)/kg

Gross

Added Gross

Value

Income Value

Margin Share

($)/kg

($)

(%)

(%)

Producing

A2 Farmer

1.35

3.8

2.45

3.8

65

68

Processing

Abattoir

3.8

4.4

0.6

0.6

14

11

Retailing

Butchery

4.4

5.6

0.6

1.2

21

21

Total

5.6

100

Table 3: The value shares of A2 beef value chain actors
3.4 Marketing and marketing dynamics

Sixty percent of farmers sell their animals at ages older than 2.5years. Most of the beef
processed (90%) through abattoirs in Bulawayo is consumed in the capital city, Harare (500km
away) which has a much larger market and high population. The most preferred marketing
channel is external auctions with majority of A2 farmers (61%), selling their cattle through
organized external auctions in and around Bulawayo. Less than 15% sell their animals at the
farm gate as shown in figure 3. Those who said others mentioned selling to neighbors or
relatives. Farmers however, indicated they are not satisfied with this market channel as they
are of the opinion that buyers connive on price setting and monopolize the system. The majority
of farmers incur the same transactional costs of clearance fees, transportation and other levies.
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Price setting, price information and grading systems were rated as poor by 59%, 65% and 56%
respectively of the interviewed farmers.
other Marketing Channels
4%
farm gate
13%
village market
9%
local business
center
9%

external
auction
61%

local auction
4%

Figure 6: The marketing channels for A2 beef farmers in Matobo District

The frequently mentioned marketing constraints are low prices, lack of price information, poor
market access, high transport costs and lack of grading systems. The percentages of famers
who mentioned the marketing constraints are as shown (Figure 5).

Percentage of farmers (%)

100
80
60
40
20
0

High
low prices
transport cost

lack of price
information

lack of
poor market
grading
access
information
Marketing constraints

Figure 7: the A2 beef farmers marketing constraints

Using results given by the interviewees, farms were categorized by distance to the market as
shown in table 3. .
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Distance(km) Small-scale (n=17) Medium-scale (n=12) Large-scale(n=5)
30-69

47

33

60

70-109

29

42

20

110-149

24

25

20

Table 4: the percentage of A2 beef farmers grouped by herd size and distance classes (*Values
are expressed as percentages
Statistical analysis showed no association between distance to the market and off-take
(p=0.159) at 95% confidence interval.
4 DISCUSSIONS
4.1 The beef Value Chain flow and structure of the A2 farmer of Matobo District
The actors in the beef value chain of A2 farmers in Matobo district consists of the farmers who
produce beef cattle, the cattle buyers who also process in abattoirs, retail the beef in butcheries
and consumers who are either institutional consumers like hotels, hospitals, schools and
restaurants or general household consumers. The latter are both the low income and high
income earners in and around Bulawayo. This chain conforms to the general value chain flow
map as described by (International Labour Organization (ILO), 2009) where information,
goods and money are flowing from one actor and or stakeholder to the other. The chain is
coordinated by the auctioneers who facilitate the interactions and relationships between farmers
and buyers. As reported in KIT and IIRR 2008, chain coordination is achieved through
continual communication between the chain actors and this can be steered by a chain facilitator
or service provider. Auctioneers facilitate knowledge sharing between the actors. The
facilitation creates network relations between actors. The ILO Guide to value chain analysis
(2009) reports that network relations are brought about by working together continuously
which enhances trust and high levels of interdependence. However, in contrast to this A2
farmers do not have trust in the cattle buyers regardless of working together. This might be
because personal relationships between the two groups of actors is not yet strongly developed
as these farmers are relatively new to the system as they were resettled in their farms in the
years between 2000 and 2010 (Moyo, 2011) but have been farming as commercially oriented
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farmers (Moyo, 2011, Chiremba and Masters, 2003). Both actors are yet to prove their
reputations to each other as each actor tries to survive in the largely unstable economic
environment. A2 farmers surprisingly do not make use of middlemen regardless of proliferation
of these in the beef value chain.
4.2 Chain relations and governance
Beef cattle buyers have been observed to have the most power and are the lead actors in this
chain. Even though issues of power are still highly debatable in value chain analysis, it is
directly related to the level of concentration and access to key assets in the hands of a limited
number of actors (ILO, 2009). The beef value chain of the A2 farmers in Matobo District is in
agreement to this observation as there are a few cattle buyers as compared to a large number
of producers selling their cattle. The buyers have with them the financial power and can
influence all the other actors in the chain.
The farmers and cattle buyers have specialized roles (producing beef animals for sale and
processing and retailing beef products) but specialization is lost as the chain moves from buyer
to retailer. This is indicated by the cattle buyer being the owner of the abattoir and butcheries
(and at times commercializing by buying animals and finishing them off in feedlots to attain
better grades) which is the case in this value chain. The chain however, operates on the already
established standards, regulations, policies and services. The same regulations and standards in
terms of product quality that were used during export to the European markets are in use in this
value chain even though they may have been modified by the state of the economic situation
of the country. FAO 2009 report stated that with the exception of the foot and mouth outbreak
era, the Sanitary-Phyto-Sanitary (SPS) requirements and environmental awareness and concern
have generally remained high. Various legislative, regulatory and monitoring instruments are
in place on SPS. In support of livestock extension, the government has developed a livestock
production and development division under the Livestock and Veterinary Department to ensure
maximum support is given to all the livestock farmers within the country (MAMID, 2013).
Currently, the support given to the agriculture sector by the Zimbabwean government includes
research, extension, training, and purchase of land for resettlement and veterinary services
(FAO, 2009). The same extension services are available to the A2 farmers even though results
indicate that farmers are mostly accessing veterinary services. This could be explained by the
fact that all animal movement is regulated by the same department and it is also a mandate for
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this department to carryout diseases surveillance for all farms with livestock whether or not the
farmer wishes or agrees to it (MAMID, 2013).
4.3 Marketing dynamics
It was observed that the most preferred channel of marketing beef cattle for the A2 farmers of
Matobo District is through organized auctions in and around Bulawayo with a very small
proportion (6%) opting to take their animals directly to retailers as slaughtered carcasses. It is
imperative to note that A2 farmers in Matobo district follow a formal beef value chain where
they are selling at organized auctions. This is was an unexpected observation as Sibanda et al
(2014) reported that both the A2 and A1farmers were following informal marketing channels.
This might be explained by the fact that in this report A2 farmers were grouped together with
A1 and communal farmers. The level of education of the farmers could also provide an
explanation as to why they follow this marketing channel. Farmers prefer auctions and this
might be explained by the fact that the commission is paid by the buyer and also the farmer is
paid on the spot (Musemwa, et al., 2007). Participation at auction sales result in farmers being
informed about market prices and becoming aware of markets that provide high and attractive
prices (Musemwa, et al., 2007). It is also imperative to note that auctions are held out of the
District in Bulawayo when auction floors (sale pens) are available in the District. This
development might indicate the power that buyers have as in real sense buyers might exploit
farmers by letting the farmer bear transport costs from the farms to the auction floors in
Bulawayo. The Bulawayo cattle auctions are central to all the other districts in the province
and it might not be economically viable to hold auctions at district level considering the number
of animals auctioned per day. However, district level auction might incentivize farmers to sell
more and increase their off-take since they indicated that one of the major marketing constraints
is high transport costs.
The A2 farmer of this VC is incurring the most risk and production cost. Even though he is
having a high gross margin which is the percentage of revenue that is his profit, the value shares
are not normally distributed as there is little value being added along the chain. Consumers are
not buying the product in more or less the same state but the beef is processed through grading,
cutting and packaging only. The high value shares might be explained by the fact that A2
farmers are adding the most value and therefore, incur the most cost. Keeping their animals in
the herd for a longer period of more than 2.5 years might be increasing cost of production.
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5 CONCLUSIONS
The A2 farmers follow an organized formal chain where they are selling their cattle at auctions
in and around Bulawayo. The actors involved in the A2 farmers’ value chain are the A2 farmers
who are producing beef cattle, the cattle buyers, the abattoirs who process, the butcheries who
wholesale and retail as well as the consumers. The chain is supported by various departments
in the MAMID. Other supporters include EMA and the farmers union. Auctioneers coordinate
and facilitate activities of this chain by linking A2 farmers and all the other farmers with cattle
buyers. There is specialization between farmers and buyers where farmers produce beef cattle
and sell to the cattle buyers. Farmers on their own are not specialized as they are raising all
classes of animals from conception until they sell. From the cattle buyers to the retailers there
is no specialization as the cattle buyer is carrying out all functions of buying, processing up to
retailing. Relations within the chain are based on trust. There is reasonable value addition
along the chain with farmers having the highest value share in the chain. The A2 resettled
farmers can specialize where they may choose to go into weaner production, heifer production,
pen fattening, stud breeding to capitalize on niche markets and also as a strategy get returns
over a short period of time. This may reduce production cost and increase the profit the farmer
can make. This study revealed that the extension services are not accessible to the A2 farmers
and therefore there is a need for the government to adequately fund the research and extension
services to reach these farmers. The interactions between research, extension services and
farmers have been proven to increased production in the past as there is sharing of new
technologies and discovery of new areas for research. This interaction must also include the
buyers to explain market activities such as grading systems which farmers do not understand.
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ABSTRACT
A study was undertaken to determine prevalence, species composition of goat helminths and
associated risk factors in Gwanda and Matobo districts in south-west Zimbabwe. Fresh faecal
samples were collected from the rectum of 354 randomly selected goats over a period of six
months from 59 farmers (59 samples per month). Samples were subjected to qualitative and
quantitative parasitological examinations. The helminths and protozoa species were identified
and the level of infection compared between location, season and management practices. A
total of nine helminths species and one protozoa species were identified and these Haemonchus
spp, Trichostrongylus spp, Cooperia spp, Oespphagostomum spp, Bunostomum spp,
Strongyloides spp, Paramphistomum spp, Fasciola spp, Moniezia spp and Coccidia spp. The
species composition in the two districts was similar. Haemonchus spp was the most abundant
parasite (75.6 %) in the two districts. The prevalence of goat parasites in Gwanda and Matobo
districts were approximately 65 % and 70 % respectively and the difference in prevalence was
not significant (P >0.05). The overall prevalence of parasites for the two districts was 67.5 %.
Season and location had a significant influence on the occurrence of Coccidia and
Paramphistomum. Coccidia also showed significant (P <0.05) monthly variations in its
prevalence in goats. In this study, management practices had no significant effect (P > 0.05)
on the prevalence of helminths parasites and protozoa in goats. Generally a high infection rate
was observed in the study areas and awareness creation on the farmers on the effects of
helminths parasite on goats should be instituted in order to reduce production losses.
Key Words: smallholder farming systems, management practices, helminths, protozoa, species
composition
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1. INTRODUCTION
Goats play an important role in sustaining the livelihoods of smallholder farmers in developing
countries as well as providing food and nutritional security of millions of rural people (Futaghi
et al., 2015). Whilst the importance of goats in sustaining the livelihoods of smallholder farmers
in third world countries has been over emphasised, flock sizes in most households is small
because of poor flock health management and other production related challenges, (Osakwe
and Anyigor, 2007). Flock health in goat production in sub-Saharan Africa among smallholder
farmers is constrained mainly by high prevalence of gastrointestinal parasites. This is due to a
wide range of agroecological factors suitable for diversified host and parasite species
interactions (Negasi et al., 2012, Owhoeli et al., 2014). In small ruminants, parasitic helminths
lower production and productivity through reduced feed intake and feed conversion efficiency,
poor weight gains and production, reduced immunity, lower fertility, carcass condemnation at
slaughter, elevated veterinary costs and death in critical infections (Tsotetsi and Mbati, 2003;
Regasa et al., 2006; Asif et al., 2008; Choubisa and Jaroli, 2013; Garedaghi and Bahavarnia,
2013).
Several helminths species may be present in the host at a given time (Rattray, 2003). Such
mixed infections have been reported to include any of Haemonchus, Mecistocirrus, Ostertagia,
Trichostrongylus, Bunostomum, Nematodirus, Oesophagostomum and Trichuris (Regasa et al.,
2006; Osakwe and Anyigor 2007; Kumsa et al., 2011; Jittapalapong et al., 2012; Kantzoura et
al., 2012; Choubisa and Jaroli 2013; Ma et al., 2014; Ibukun and Oludunsin, 2015). However
not all species in mixed infections are considered important except under unusual
circumstances since they only cause diseases when they are present in large numbers or when
the host has been weakened by other diseases or malnutrition. An infection with several
gastrointestinal worms has an additive pathogenic effect on the host (Polly, 2010). In studies
conducted in Zimbabwe on goat helminths, Maposa (2009) and Pandey et al. (1994) identified
Haemonchus, Ostertagia, Trichostrongylus, Bunostomum, Nematodirus, Oesophagostomum,
Trichuris and Strongyloides as the prevalent species in Central and Eastern highlands of
Zimbabwe. The nematode species differ significantly in their reproduction potential (Blackie,
2014) resulting in different infection intensities.
The distribution and prevalence of each species varies according to region, climatic factors,
host factors and management practices (Roeber et al., 2013). Effective helminths control has
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to be based on the epidemiological pattern of the important helminths species. Several years of
epidemiological studies are required before a rational control measure can be designed and
implemented. The objective of this study was to identify the helminths species and their
prevalence on goats kept by smallholder farmers in Gwanda and Matobo districts.
2. OBJECTIVES OF THE STUDY
The major objective of the study was to assess the prevalence and species composition of
gastrointestinal parasites which cause production losses in goats kept by smallholder farmers
in south-western parts of Zimbabwe.
3. MATERIALS AND METHODS
3.1 Study site
The study was conducted in Matobo and Gwanda districts in Matabeleland South province in
the semi-arid tropics of Zimbabwe. The two districts are in natural regions four and five
respectively. Gwanda is situated 21°13ʹ south, 30°27ʹ East receiving low and erratic rainfall
ranging from 0-450 mm per annum. The natural vegetation is dominated by Colophospermum
mopane, Combretum spp, Acacia spp, Boscia and Grewia spp. Matobo district is situated 21°3ʹ
South, 28°27ʹ East receiving low and variable rainfall ranging from 450 - 650 mm per annum.
The vegetation type is predominantly Miombo woodlands, Colophospermum mopane, Acacia
spp and Combretum spp. The two districts were chosen because of high goat numbers and
existing goat production programs undertaken by various organisations.
3.2 Sampling
Multi-stage sampling was carried out in which one ward with existing infrastructure for goat
production and marketing was initially selected from each of the two districts. Two villages
from each selected ward were then purposively selected with one of the village close to agro
dealers and the other located more than five kilometers from the agro dealers. Fifteen farmers
were selected from each village and only farmers with at least eight goats were included in the
study. One goat aged at least six months was randomly selected from each sampled farmer
every month for faecal sampling collection. Faecal samples were collected from September
2013 to February 2014 over a period covering the dry season (September and October) and the
wet season (November to February). Age, sex and body condition score for each sampled goat
were recorded. The age of goats was determined based on dental eruption pattern (Vatta et al.,
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2007) and the body condition score was determined according to Honhold et al. (1989) and
Kripali et al. (2010).
3.3 Faecal sample collection
Fresh faecal samples were collected from the rectum of 354 (instead of 360) randomly selected
goats over a period of six months from 59 (instead of 60) farmers (59 samples per month). (One
farmer was removed from the survey list as he had sold most of his goats and remaining with
less number of goats than those required in the survey). Each sample was placed in individual
airtight container (screw cap bottles) in cooler boxes with ice. Samples were transported in
cooler boxes to the Parasitology laboratory at the faculty of Veterinary Sciences, University of
Zimbabwe, where samples were stored at 4°C awaiting analysis. The age, sex and body
condition scores of the goats were recorded. All the goats were reared under the traditional
communal management system where they were kraaled overnight and grazed un-herded
during the day. During the period of sample collection, a questionnaire was also administered
to obtain information on goat management practices by farmers involved in the goat parasite
study.
3.4 Laboratory analysis of faecal samples
Faecal samples were examined to determine faecal egg counts (FEC) by the modified
McMaster technique (MAFF, 1988) using standard procedures of floatation and sedimentation.
Samples positive to strongyle eggs were pooled according to villages and cultured at 27°C for
seven days to yield the 3rd larva stage of the parasites. The larva was harvested using the
standard Baerman method (MAFF, 1988) and were subsequently morphologically
differentiated according to the identification keys of Van Wyk et al. (2004); Van Wyk and
Mayhew (2013).
3.5 Estimation of prevalence
The prevalence (p) of the goat positive to one of the parasites was calculated as p = d/n where
d is the number of goats diagnosed as having a given parasite at that point in time and n is the
number of goats at risk (examined) at that point in time (Obonyo et al., 2012). Prevalence of
infection and helminths species was identified and expressed in percentages.
3.6 Statistical Analysis
Data from the laboratory analyses and survey were entered into Microsoft Excel worksheet.
Descriptive statistics were used to summarise the data. Chi-square (χ2) test statistics was used
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to determine the association between prevalence of the parasites and location, seasons and
management practices. All statistics were performed using SAS (2010), Ver. 9.3 statistical
package.
4 RESULTS
4.1 Questionnaire survey
The questionnaires were administered to a total of 59 farmers of which 29 were from Gwanda
district and 30 from Matobo district. The average number of goats kept by farmers was more
in Matobo district than in Gwanda district (29±3.79 and 14±1.17) (P<0.05). All the farmers
grazed their animals in communally owned grazing land and penned them in kraals over night.
The majority (100%) of the farmers in the two districts supplemented their goats during the
dry season with energy supplements (cereal crop residues, commercial feeds) and/or protein
supplements (legume hay, velvet beans, browse pods, commercial feeds). The feeding patterns
were similar in both districts with 41 and 38 % of farmers (Gwanda and Matobo respectively)
supplementing for a period up to 2 months , with 59 and 62 % of farmers in (Gwanda and
Matobo respectively) supplementing for a period more than 2 months.
The proportion of farmers who did not use any form of parasite treatment was 45 % in Gwanda
district and 3 % in Matobo district. Of those who treated their goats, in Gwanda, 24 % used
commercial drugs only, 7 % used herbs only and 24 % used both. In Matobo district, 50 % used
commercial drugs, 10 % used herbs and 37 % used both. Of the 45 farmers who claimed to be
using commercial anthelmintics, 54 % dewormed once per year, 31 % twice per year and 15 %
more than twice pear year. All the farmers who used any form of anthelmintic to treat their
goats have indicated that the worms were a major problem in goat productivity.
4.2 Overall prevalence
Out of 354 goats examined, 239 (67.5 %) were found to be harbouring one or more
gastrointestinal parasite eggs or oocytes in their faeces. The spectrum of gastrointestinal
parasites observed included nematodes, trematodes, cestodes and protozoa. Ten (10)
gastrointestinal parasites were identified to species level in the two districts and it was observed
that prevalence of Haemonchus spp (78.3 %) was the highest, whereas Fasciola spp (0.6 %)
was the least (Table 1). In Gwanda district, helminths prevalence was slightly lower (64.9%)
than in Matobo district (70 %) although statistically, there was no significant (P>0.05)
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difference between the two districts (Table 2). The monthly parasite prevalence on goats was
not significantly (P>0.05) different except Coccidia spp which exhibited monthly differences
in prevalence (P<0.05). The parasite infection reached a peak in November though this was not
statistically different from other months (Table 3). The mean faecal egg count was higher in
Matobo district (Bidi and Nhlupho villages) than in Gwanda district (Paye and Nhlamba
villages) and coccidia oocytes observed were of the same magnitude in the two districts (Table
4).
Table 1 Helminths and protozoa species identified and their prevalence in goats in Gwanda
and Matobo districts
Helminths/Protozoa species
Prevalence (%)
Gwanda
Matobo
Nematodes
Haemonchus
73.8
78.3
Trichostrongylus
8.0
8.3
Cooperia
0.8
0.3
Oesophagostomum
14.7
11.0
Bunostomum
1.2
0
Strongyloides
1.5
2.3
Trematodes
Paramphistomum
4.6
9.8
Fasciola
1.2
0.6
Cestodes
Moniezia
1.1
0
Protozoa
Coccidia
34.5
28.8

Table 2 Prevalence of gastrointestinal parasites in goats in Gwanda and Matobo districts
District
No. Examined
Positive
Prevalence
χ2
P-value
(%)
Gwanda
174
113
64.9
Matobo
180
126
70.0
1.032
0.31
Total
354
239
67.5
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Table 3 Monthly prevalence of helminths in 59 goats
Month

September

59

30(50.85)

10(16.95)

1(1.69)

0

0

2(3.39)

39

Overall
Prevalence
(%)
66.10

October
November

59
59

33(55.93)
36(61.02)

11(18.64)
28(47.46)

0
1(1.69)

0
0

0
0

1(1.69)
2(3.39)

36
46

61.02
77.97

December
January
February
Total

59
59
59
354

35(59.32)
37(62.72)
40(67.80)
211(59.60)

30(50.85)
16(27.12)
17(28.81)
112(31.64)

1(1.69)
0
0
3(0.85)

2(3.39)
1(1.69)
0
3(0.85)

0
1(1.69)
1(1.69)
2(0.56)

7(11.86)
5(8.47)
7(11.86)
24(6.78)

43
39
36
239

72.88
66.10
61.02
67.51

0.529

0.001

0.69

0.22

0.54

0.08

P value

Strongyle

Coccidian

Fasciola

Strongyloides

Moniezia

Paramphistomum

Total

0.297

Values in brackets are prevalence percentages

Table 4 Range and mean faecal egg counts (epg) and oocyte counts (opg)
District
Village

Strongyle
Coccidia
Paramphistomu
m
Moniezia

Matobo
Bidi
Rang
e
02800
06000
0-26

Mea
n
255.
7
129.
7
0.3

SD

0-50

0.5

±5.1

±476.
7
±623.
4
±2.7

Nhlupho
Rang Mea
e
n
0157.
2900
1
0221.
6000
4
0-8
0.3
0700

8.3

±378.
7
±778.
9
±1.2

Gwanda
Paye
Rang Mea
e
n
0107.
600
2
0201.
9400
7
0-6
0.2

±76.4

0

SD

0

±1135.
6
±0.8

Nhlamba
Rang Mea
e
n
0167.
950
3
0129.
1600
8
0-12
0.4

0

0

SD
±144.3

0

SD
±211.
6
±341.
8
±1.5
0

3.3 Association between risk factors and helminths infection
The risk factors (location, season, supplementary feed duration and anthelmintic treatment) for
helminths and protozoa infection in goats are shown in Table 5. Generally all the risk factors
studied had little influence on occurrence of helminths and protozoa on goats. However, the
prevalence of Coccidia spp was highly influenced by the seasons (P<0.05) with high numbers
of goats being infected during the wet season (wet season - 38 %; dry season- 17 %).
Paramphistomum spp also showed some significant differences (p<0.05) in seasonal
occurrence with higher number of goats being infected during the wet season than in dry
season. Its prevalence was also influenced by location. The duration of supplementary feeding
and anthelmintic treatment had no had no effect on the parasites detected in goats in the study
area.
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Table 5 Factors associated with helminths and protozoa species infection in goats in the study
area
Factor

Category

Location

Gwanda
Matobo

Season

Dry
Wet

Supplementary
feed duration

< 2months
>2 months

Anthelmintic
treatment

Herbs
Conventional
drugs
Herbs +
Conventional

ns
*
**
***

Species prevalence (%)
Strongyles Coccidia
spp

Paramphistomum spp

Fasciola
spp

Strongyloides
spp

Moniezia
spp

0.57
1.11
(χ2=0.3,
ns)
0.85
0.85
(χ2=0, ns)

1.16
0.56
(χ2=0.38, ns)

0.72
0.93
(χ2=0.04, ns)
0
0.92

0
1.11
(χ2=1.93,
ns)
0
0.85
(χ2=0.1,
ns)
0.72
0.47
(χ2=0.1,
ns)
0
0

61.49
57.78
(χ2=0.51,
ns)
55.93
61.44
(χ2=0.99,
ns)
57.25
61.11
(χ2=0.52,
ns)
66.67
64.22

28.74
34.44
(χ2=1.33,
ns)
17.80
38.65
(χ2=15.68,
***)
24.64
36.11
(χ2=5.13,
*)
16.67
29.36

9.77
3.89
(χ2=4.84, *)

0
6.42

0
1.39
(χ2=1.93,
ns)
0
0.92

57.32

33.05

7.11

0.84

0.84

0.84

(χ2=1.61,
ns)

(χ2=1.11,
ns)

(χ2=0.5, ns)

(χ2=0.06,
ns)

(χ2=0.51, ns)

(χ2=0.97,
ns)

2.54
8.90
(χ2=5.03, *)
5.80
7.41
(χ2=0.35, ns)

0
1.27
(χ2=1.5, ns)

P > 0.05
P < 0.05
P< 0.01
P < 0.001

5 DISCUSSION
The overall prevalence of gastrointestinal parasitic helminths was found to be 67.5 %, which
is higher than 58 % which was reported by Maposa (2009) in Gweru, but lower than the100 %
reported by Pandey et al. (1994) in the Eastern Highlands. The differences in the parasitic
prevalence in the three study areas in Zimbabwe could be due to climatic conditions particularly
in the Eastern highlands of Zimbabwe where annual rain fall is high as compared to southwestern parts of Zimbabwe where rainfall is low and erratic. Areas with high rainfall are
characterised by humid environments that are favourable for the survival of the infective larval
stage of

most of the pathogens (Regassa et al., 2006). Also, the management systems

employed in these study areas could contribute to the differences in the prevalence of parasites
(Negasi et al., 2012). The two districts (Gwanda and Matobo) exhibited no differences in the
prevalence of helminths probably due to similarities in climatic conditions. The slight
difference in parasite prevalence (64.9 % in Gwanda and 70 % in Matobo) could be due to
difference in population densities of goats in the study sites. In Gwanda the mean flock size of
the sampled household was 14 goats compared to 29 goats in Matobo district.
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Strongyles, particularly Haemonchus spp was found to be the most dominant species. This
record is in agreement with the findings of Chikwanda et al. (2013), Garedaghi and Bahavarnia
(2013), Kemal and Terefe (2013), Akhter et al. (2011) and Kanyari et al. (2009). High
prevalence of Haemonchus spp was probably due to its short generation interval and because
of its fecundity. According to Blackie (2014), an adult worm has an ability to lay 5000 -10000
eggs which can lead to rapid larval pasture contamination and associated outbreaks of
haemonchosis. The eggs undergo a period of hypobiosis during the dry season which ensures
their survival during adverse conditions (Ng'ang'a et al., 2004; Hosseini et al., 2012).
Coccidia were the second most prevalent species and these results were in agreement with those
documented by Maposa (2009). Coccidia and Paramphistomum were associated with the wet
season. Coccidian infection is reportedly related to sanitary and hygiene level (Jittapalapong et
al., 2012). During the wet season, it was observed that the conditions in goat housing were
always wet exposing goats especially the young one with less developed immunity to parasites
to coccidian infection.
Anthelmintic treatment had no significant effects on the parasite infection. Goats were free
ranging increasing the chances of re-infection. This is in agreement with work done by Odoi et
al. (2007) where no significant association between treatment and parasite prevalence was
found in free ranging animals. Feed supplementation did not have any positive effect on
parasite infection. This might be explained by poor quality of feed supplements available in
smallholder sector. Farmers were offering less nutritious supplements to their goats in the form
of cereal stover. These supplements might have been lacking essential nutrients and in case of
legume hay (groundnut hay) given to goats as supplement could have lacked essential nutrients
due to improper storage resulting in loss of nutrients and thus could not meet the nutritional
requirements of the goats as documented by Odoi et al. (2007).
6. CONCLUSION
Most goats examined under this study harboured gastrointestinal parasites and prevalence was
high at 67.5 %. Ten species of parasitic helminths were identified and infections among goats
frequently comprised of a mixture of species which could lead to chronic illness. Few risk
factors, location and season were found to be associated with the occurrence of gastrointestinal
parasites in goats. The high infection rate observed in the study areas requires awareness
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creation on the farmers on the effects of helminths parasite on goats in order to reduce
production losses.
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ABSTRACT
The design wishes to promote the use of local technologies in Zimbabwe and reduce the overreliability on imported products. The main aim being to reduce the outflow of revenue out of
the country and reduce the cash flow challenges in the nation. The design centers on a locally
manufactured Pulse Width Modulation solar charge controller for the regulation of solar energy
from PV arrays to storage batteries. Pulse Width Modulation (PWM) is a powerful technique
for controlling analog circuits with a processor's digital outputs. In this paper the charge
controller was simulated using Proteus professional software and Peripheral Interface
Controller (PIC16f877 microcontroller was used. The microcontroller has in-built (PWM)
modules so system complexity and number of electronic components is reduced. The charge
controller senses the battery voltage through One of the port A PIC pins. A voltage scaling
circuit comprising a potential divider is used for voltage measurement. The charge controller
reduces or increases the charging current in tandem with the battery voltage level measured. It
does so through varying of duty cycles of the PIC generated pulses. An LCD display the
measured voltage, charging current and power. The rate of electrochemical activity within any
battery is largely dependent on temperature. To maintain the best optimum temperature for the
battery charging task and prolonged battery life an extractor fan is used to help regulate the
temperature.
Key Words: Pulse Width Modulation (PWM), Duty cycle, Voltage set points, microcontroller,
LCD display.
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1. INTRODUCTION
The working principle of most solar charge controllers involves allowing all the current output
from the PV array to pass to the battery, then as the charging nears completion, the controller
will taper or interrupt the current in sympathy with the battery’s bility to accept more charge.
In addition, some controllers would at regular intervals intentionally overcharge the battery,
which helps in mixing the electrolyte thus ensuring all the cells within the battery are
“equalized” at a full state-of-charge [3].
Photovoltaic (PV) is one of the readily available renewable energy resources that has recently
become the choice among many power generating technologies. This is mainly due to its
environmental, economic and social benefits. A PV system consists of a PV array which
converts sunlight to direct-current electricity, a control system which regulates battery charging
and operation of the load, energy storage in the form of secondary batteries and loads or
appliances. A charge controller which was designed in this project is one of functional and
reliable major components in PV systems. A good, solid and reliable PV charge controller is a
key component of any PV battery charging system to achieve low cost and be of benefit to the
user.
The main function of a charge controller is to regulate the voltage and current from PV solar
panels into a rechargeable battery. The charge controller disconnects or tapers the current from
the array when the battery is fully charged and keeps the battery fully charged without damage.
A charge controller is a key component in any solar system as it prevents battery overcharging
which results in heating, excessive discharging, reverse current flow at night and most
importantly to protect the life of the batteries in a PV system [2]. A power electronics circuit is
used in a PV charge controller to get highest efficiency, availability and reliability. The use of
power electronics circuits such as dc to dc converter topologies like buck converter, boost
converter, buck-boost converter and others converter topology as power conditioning circuitry
to provide a desired current to charge battery effectively.
2. PREVIOUS RESEARCH
a. Pulse Width Modulation and Duty Cycle
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The aim of the project was to design and implement a charge controller that uses PWM
technology.

Figure 1: Four PWM signals with different Duty Cycles
Pulse width modulation (PWM) is a powerful technique for controlling analog circuits with a
processor's digital outputs.
Figure 1 shows four different PWM signals. One has a duty cycle of 25% meaning that the
output signal is ON for a quarter of the period and OFF the other 75%. The other signals are
ON for 50%, 75%, 100% and are OFF for 50%, 25% and 0% respectively. Digital control is
used to generate a square wave, a signal switched between ON and OFF. This ON/OFF pattern
is used to simulate voltages of varying amplitudes in between full ON (15 volts) and OFF (0
volts) by changing the portion of the time the signal spends ON versus the time it spends OFF.
The “ON time” duration is called the pulse width. By changing, or modulating the pulse width,
one can get varying analog values. Duty cycle is the ration of the ON time and the pulse period.
b. Voltage sensing and current measurement
A PIC microcontroller cannot measure voltages greater than 5 volts, as such solar and battery
voltages have to be reduced to safe levels using appropriate scaling circuitry. Whenever the
battery is charging an LCD displays the battery’s level as a percentage, battery voltage,
charging current and power as well as battery room temperature.
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Current measurement was through the use of a Hall Effect based current sensor ACS712. The
Hall effect principle is employed in this method where the measuring circuitry is not directly
in the path of the current to be measured. In simple terms the principle of operation involves
passing a current carrying conductor through a magnetized area. A deflection which is directly
propotional to the current is realised. The deflection is converted into a voltage and the
microcontoller through its ADC module measures the analog signal.
c. Switching section

Figure 2: IRF5210 MOSFET
MOSFETs are currently capable of switching more than one hundred Amperes continuously
(for example transistor IRF5210 made by International Rectifier can withstand 110A
continuously with proper cooling) have a static drain-to-source on-resistance (RDS (on)) as
low as 0.005 ohms [6]. Figure 2 shows the structure of the IRF5210. MOSFET prices are
competitive with any of the above-mentioned technologies. They come in two different types:
N-channel and P-channel. The N-channel transistors usually have better performance
characteristics (lower RDS (on), able to switch higher currents) and lower price than P-channel
transistors [6]. However, they have one big disadvantage: The only simple way of connecting
them in the circuit requires that the terminal that is switched is negative. A P-type MOSFET
was used in this project implementation due to the less complexity in the switching
configuration. Bootstrapping is not required as is the case with the N-type MOSFET in a similar
application.
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d. Control Section
The purpose of this section is for the control of the whole hardware. A microcontroller
(PIC16F877) has been used to control the system. PlC16F877 contains input and output ports.
Port A is the input port which is used at the input stage to sense the battery voltage, charging
current and battery room temperature. PORTC performs connecting or disconnecting
operations between PV and the battery because it is the only port that has inbuilt PWM
modules. PORTB is used to provide the information of battery charging status in LCD display.
PORTD is used for the status LEDs, DC extractor fan and buzzer. Data can be transmitted to
remote displays by some charge controller also [9]. Normal condition refers to both charging
and discharging of battery simultaneously. PORT B is also used to remotely switch ON the
diesel engine generator.
3. SYSTEM DESIGN
The purpose of the system was to provide software that capitalizes on the inbuilt
microcontroller PWM modules to achieve cost effective and efficient battery charging.
The Relatively low cost PIC16F877 microcontroller was used in this charge controller for the
center of coordinating all ongoing system's activity.

Fig 3: Block Diagram of the solar charge controller.
Figure 3 illustrates the block diagram of the designed system while Figure 4 shows the flow of
the charge control process.. The designed solar charge controller consists of the nine blocks as
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shown in the block diagram above. The solar panel and battery voltages are sensed by the PIC’s
analog to digital converter through appropriate scaling circuitry. The PIC generates pulses of
varying duty cycles with respect to the sensed battery voltage. These pulses drive the MOSFET
driving circuitry which in this case consisted of a TIP41 power transistor. An ACS712 current
sensor was used to measure the charging and together with the charging voltage, charging
power could be calculated and was displayed on an LCD. An LM35 temperature sensor was
used to measure battery room temperature. A temperature set point of 29 degrees Celsius would
cause a DC extractor fan to run and cool the battery room whenever the set point is exceeded.
The charge controller design incorporated a hybrid system configuration in which a standby
diesel engine generator (DEG) would always come in whenever the battery has gone below the
low voltage battery disconnect (LVBD) set point. When the battery approaches the state-ofcharge that would cause the load to be disconnected the DEG should turn on. This protects the
battery from harmful deep discharges. However, the integration of the generated ac voltage is
through a rectifier circuit which is beyond the scope of this project. A buzzer would sound when
the LVBD relay is engaged and some LEDs indicate the charger status.
4. SYSTEM FLOW CHART
The system as explained above has been well orchestrated by the system flow chart. The flow
chart explains the various process that are used in the charge control as well as the additional
features such as the operational of a DC extractor fan and a diesel engine generator. The initial
charging stage that is the bulk stage was deliberately executed in two in terms of the duty cycle.
The early phase of the stage has a duty cycle of 100% while the succeeding one has 75%. This
was done deliberately to achieve a smooth transition in between charging stages.
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Figure 4: Flowchart of the system

5. EXPERIMENTAL RESULTS
A. Classification Performance Analysis
This Solar charge controller system can be controlled independently by PIC16F877
microcontroller as well as it is incorporated with various status display functions. The internal
components are also independent. For this reason, the controlling program is written on the
microcontroller. The main objective was to make a solar charge controller the uses PWM
technology hence the generation of pulses with different pulse widths as determined by the
battery’s needs was a success. A blocking diode or the Schottky diode is used here for blocking
the charge flow from battery to solar panel at night which could damage the panel [5].
For load controlling operation the positive end switching method has been introduced in the
project. The crystal oscillator frequency is chosen as 20 MHz which gives best microcontroller
operation. Different tests were conducted while varying both the solar and battery voltages to
simulate a real operation scenario.
Table 1 shows the results from the seven tests that were done.
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Current was measured from the simulated charging phases and it reflected the respective
charging phases as seen in the table.
The simulation results verify that the use of the method results in better exploitation of the
available PV energy.
The integration of more than one power generating sources (solar and DEG power) was one of
the objectives for the solar charge controller designed. Allow cost DC extractor fan was used
to maintain the battery room temperature at an optimum level.
Table 1 Experimental Table of Results

B. Reverse current protection
Effective means of reverse current leakage protection should be provided to prevent the
batteries from discharging through the PV array during the night. The method used should be
very simple in concept, not require mechanically active components, and should limit the back
feed plus all parasitic losses to less than 1% of the daily average PV generated ampere-hours
[5].
C. Display
The display that was used in this project was a 20x4 LCD meaning it can display twenty
characters in four lines. As can be seen on Figure 3, the top line displayed the battery voltage
and charging current. Battery room temperature was displayed on line while battery level and
power are on lines 3 and 4 respectively.
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Figure 5: PCB and display
6. DISCUSSION
PV system is required for our country. As the economic situation in the country has not
improved in so many years, the prices of the accessories of solar systems are impacting
negatively to our import bill as a country. For this reason research on solar charge controller
was designed to try and alleviate the dependency on imported goods which we are not in a
position to repair locally due to technological gap that exist between our country and those we
are importing from. The only way the country can be in a position to revive the economy and
improve the livelihood of its general populace is in the development of cost effective home
gown solutions such as solar products. The Solar charge controller was successfully designed
and implemented in the project mentioned in the preceding sections of the report. The system
basically uses one type of microcontroller which is the control center for operation of the
charging process as well as the additional functionalities.
Unlike many ON/OFF charge controllers in the market which have status LEDs only to indicate
the charging activity and battery level, the designed controller uses a big LCD in addition to
the status LEDs thereby providing the best way know the state of the charge controller and the
peripheral devices.
7. CONCLUSION
The prototype design was done successfully and the system is still under test to ascertain on
any design flows which might show up. Commercial production will be the next stage
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following thorough tests for a period of at least six months. The system will hopefully prove to
be of great value to the local community which is fast embracing the use of solar energy for
domestic and industrial purposes.
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ABSTRACT
This project introduces a cost effective microcontroller based design for automatic changeover
amongst multiple sources of power. The main focus of the project centers on a system that can
accommodate as many sources of standby power to ensure near permanent availability of
power to critical loads. Some of the approaches which have been employed to implement
change over systems include manual change over switch box, automatic change over system
with electromechanical relays and change over system with automatic transfer switch. Each of
these methods has some challenges that make it undesirable. Among these challenges are time
wastage, possibility of fire outbreak, noise generation, frequent failures, product damage and
high component count. This contributes to the high cost of these methods. The approach used
in this project makes use of a microcontroller to reduce the component count, space as well as
improve the speed of the system. The system also has some desirable features like liquid crystal
display [LCD] which make the system user friendly, an alarm system for indicating standby
system failure, over-voltage and under-voltage level monitoring. The system implements a
PIC16F877A microcontroller which uses Analogue to Digital Conversion techniques to
monitor the status of the power sources and initiate the changeover process whenever there is
a loss in one of the power sources.
Key Words: Automatic Changeover Switch, Critical Loads, Electromechanical Relays,
Microcontrollers.
1. INTRODUCTION
Power outages around the globe have forced an adoption of multiple sources of power in many
domestic, industrial and business entities. Some of the sources of power widely taken into
consideration include the utility mains, like Zimbabwe Electricity Supply Authority (ZESA) in
Zimbabwe, Solar and petrol and diesel generators. However manual transfer from one source
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to another proves to be cumbersome and inconvenient. Effective electricity supply is of
paramount importance especially in the industry for production and economic growth. The
same can be said for household entities where several economic activities are now being carried
out in domestic premises which boost the country’s economy. Apart from that, efficiency and
continuous availability of electricity for personal use at homes is almost becoming a necessity
as the diversification in the use of electricity has increased. Cooking, heating and lighting were
the commonly known major electrical power uses in the home. However of late other uses such
as entertainment and internet connectivity are also crucial in the home.
Therefore in most cases when energy challenges are grasping nations, citizens might want to
resort to alternative sources of power. In many cases the main provider will be the utility
supplier, that is, The Zimbabwe Electricity Transmission and Distribution Company (ZETDC),
for the case of Zimbabwe. Other alternative sources of power which are opted for by the
majority of people are generators and solar power. In households where the utility provider’s
infrastructure is already installed and running, alternative sources might be installed in parallel
which provide power when the utility supply is down. This requires that one has to manually
turn a switch which eliminates the utility lines from the domestic setup and switch ON the
standby supply and feed it into the house electrical wiring system. This is prone to hazards
especially if one forgets to eliminate the utility supply and a risk of two supplies feeding the
same system might arise if the utility mains become live whilst the standby system is also up.
Explosions and fires can occur due to out of phase supplies.
This can be eliminated by incorporating automatically switching mechanisms which change
over between the sources based on the most preferred source of power if all sources are active.
This system is referred to as an Automatic Transfer or Changeover Switch (ATS/ ACS). An
ATS is a device which is capable of detecting power outages and switches to other sources of
power without human intervention. Different types of switching devices have been designed
and constructed for the purposes of enabling the use of multiple power sources.
Work related to this field has previously been done from different parts of the world. Most of
the designs such as [1], [3], [4] and [5] have a capability to switch between the mains utility
provider supply and a standby generator. Ezema et al [3] designed a system for automatic
changeover in which they switched between the mains utility supply and a generator unit.
Higher priority is given to the mains supply and the generator comes in upon mains failure.
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The design in [1] implements voltage comparators (LM741 and AH1883) for checking the
unavailability or failure of the mains supply which feed into AND gates to detect phase failure.
Kolo et al [4] have implemented the control logic using the 4060B oscillator and SR latches.
However in [5] a microcontroller has been incorporated but for the purposes of interfacing a
Liquid Crystal Display (LCD) into the system. The phase detection is done outside the
microcontroller circuitry. The LCD displays the voltage and current values of the system after
carrying out Analogue to Digital Conversion (ADC) of the analogue electrical parameters.
Utility mains supply is continually monitored in the design [4]. When the mains are down then
the generator is automatically switched ON. The supply voltage value is displayed on a seven
segment display.
Thus as highlighted previously, these designs have switched between the utility provider and
the standby generator. A sample of a commercially available changeover switch is highlighted
in [7] with a part number NH40SZ from Klinkmann which is a company which also specialises
in device and machine automation. The device is available for switching both DC and AC
voltages. Three phase, four wire, 50Hz AC power (up to 380V), can be switched ON whilst for
DC the voltages which can be switched can go up to 440V.
This paper presents a variation from the above described systems. Instead of switching between
two sources of power, the system will switch amongst three sources of power. Mainly the three
sources which are taken into consideration are the utility mains, a standby generator and a solar
power system. This system is specifically designed for single phase supplies and it implements
a microcontroller unit to detect the availability of the utility mains and also to check if generator
has switched ON. The same microcontroller unit provides an interface to the display unit to
display system state and various system parameters. Actuation signals are generated by the
microcontroller based on the state of the input sensor signals. The actuation signals switch ON
the required power source through switching contactors. This design has also incorporated a
low cost microcontroller unit which is priced at around $2.00 USD which widely contributes
to a reduced overall system cost. Above all the product has been designed to capture the
Zimbabwean local market which widely depends on the above mentioned sources of power.
Being dependent on local products also eases issues of service and maintenance.
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2. OBJECTIVES
The system is designed with the main aim of addressing energy challenges in Zimbabwe. This
will effectively bolster the country’s economic growth in several ways. Also this will promote
a Sustainable Environment and Resource Management through the utilization of various
alternative forms of energy. Taking a review of the Zimbabwe’s economic blueprint, The
Zimbabwe Agenda for Sustainable Socio- Economic Transformation (ZIMASSET), [October
2013 – December 2018], there are four main clusters amongst them; the Social Services and
Poverty Eradication Cluster as well as the Infrastructure and Utilities Cluster. The former
cluster incorporates indigenization and employment creation while the latter includes services
amongst them, Energy and Power Supply. Thus based on this, objectives which will be fulfilled
include:
i.

Promotion of indigenization and Economic Empowerment. The manufacture and
commercialization will require an establishment of an industrial entity locally thereby
creating employment opportunities for the Zimbabwean population.

ii.

Addressing the national energy challenge by opting and utilization of alternative energy
sources

iii.

Reducing carbon emissions’ by embracing the use of solar energy thereby reducing
global warming, climatic change and health problems caused by harmful emissions.

3. METHODOLOGY
This section will highlight the technical aspects taken into consideration in coming up with the
system. This will also include the system architecture and functionality.
3.1. Source Prioritization
As highlighted earlier on, the switch can accommodate up to three sources of power, which
are, the utility mains, a generator and a solar power source as shown in Figure 1. We shall
illustrate the working principle of the system based on household energy requirements by
considering that it is a single phase switching device. The user can prioritize the sources of
power. However the manufacturing default source of power is solar power system followed by
utility mains then the generator.
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Figure 1: Layout of the three power sources
3.2. Component Sizing
There are some critical modules which require accurate sizing for safe and accurate system
functionality. These include, but not limited to, cable sizes and switching contactors. The sizing
is directly linked to the average household electricity consumption. According to the
Household Electricity Survey (HES) explained in [2], the mean annual electricity consumption
in 2010 for a household was 4093kWh. This can be rounded to 4 500kWh. This amount of
energy can be easily supplied by the utility mains and from the generator. However if a solar
system is to be included as another source of power this might require shedding of some loads.
As a result lighting, refrigeration and charging might be the three main critical loads. These
will result in an energy consumption of approximately 500Wh. Figure 2 highlights the average
range of household appliances power consumption.

Figure 2: Average power consumption for Household devices
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Generator and mains cable and contactor sizing are as follows:
True Power value = 4 500W

(1)

Phase Voltage (Vp) for ZETDC = 220V

(2)

The phase current can be obtained from:
𝑃 = 3 𝑥 𝐼𝑝 𝑥 𝑉𝑝 𝑐𝑜𝑠 ∅

(3)

Taking values from equations (1) and (2) gives;
4 500 = 3 𝑥 𝐼𝑝 𝑥 220 𝑐𝑜𝑠 ∅

(4)

Cos ∅ is the Power Factor (PF) of the supply. For residential supplies the PF is close to 1 due
to limited capacitive and inductive loads. This can be estimated at 0.9. Thus;
Cos ∅ = 0.9

(5)

𝐼𝑝 ≅ 7.58 𝐴

(6)

This can be approximated to a phase current of 10A. Therefore the switching contactor has a
minimum current value of 10A. The cable sizing also depends on the maximum current of the
system. The cable should be sized to carry a current which is 1.5 times the phase current.
Thus cable size = 15A cable = 2.5mm.
Also for the contactors, preferably three phase, two or three pole contactors can be used for
complete isolation of the supply not in use. This will enable the isolation of the live, neutral
and earth connections. Figure 3 and Figure 4 show a sample of a contactor unit and the
contactor interface to the microcontroller respectively.
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Figure 3: A sample of a 3 phase contactor

Figure 4: Contactor Interfacing Circuitry
3.3. System Components
The brain of the system lies in the microcontroller unit. The block diagram of the complete
system is shown in Figure 5.
3.3.1. Microcontroller: The microcontroller receives voltage sensing signals from the power
sources which are up. Thus the voltage sensing circuitry for the mains will be always checking
on the status of the utility supply. The generator will be automatically switched ON if the
sensing circuit detects no supply from the utility mains. The microcontroller circuit also
coordinates the activities of the LCD which will display various system parameters including
the currently running source of power.
3.3.2. Relays: These provide an interface between the microcontroller and the contactors. The
contactor coil requires a voltage of 220V for switching and this cannot be directly provided by
the microcontroller. Thus a 12 V relay will be used as an intermediate between the
microcontroller and the contactor.
3.3.3. Contactors: These are used to switch all the supply lines from the source. Specifically
of concern is the LIVE and NEUTRAL lines which must be isolated for each source of power.
3.3.4. Voltage Sensing Circuitry: This circuit will accept 220V AC from the supplies and this
will be converted to levels recognised and acceptable by the microcontroller unit.
3.3.5. Software Implementation: Voltage sensing, switching of devices and parameter display
are all coordinated by the microcontroller. A software application for the microcontroller is
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designed using MPLAB Embedded C programming platform. The system employs sequential
execution of instruction due to the fact that no hard real time constraints need to be met.

Figure 5: The Complete ATS System
4. RESULTS
The section illustrates the working principle and results obtained from the system. The
operation of the system is as follows:
i.

System continually monitors availability of utility mains power

ii.

If utility power is down, generator kicks ON after some delay then is loaded after some
time to cater for cold start conditions.

iii.

If utility power is detected, generator is unloaded then after a short interval is switched
OFF.

iv.

System then resorts back to utility mains.

v.

If mains and generator fail, solar system kicks in after acknowledgement signal from
user.

vi.

If utility mains is detected system resorts back to this supply.

Table 1 illustrates the response of the system to various conditions of power supply.
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Table 1: System Response Characteristics

Table 2 shows the data collected on the total transfer time taken by the system from the moment
the mains supply fails to the moment of transfer of generator power to the load. The results
were taken from five different tests and were all compared against the expected set program
time.
Table 2: Utility to Generator Changeover Time.
TEST

PROGRAM

ACTUAL TIME

TIME (SEC)

(SEC)

1

10

9.96

2

10

10.12

3

10

9.80

4

10

10.07

5

10

10.13

From Table 2, it is evident that the results of the tests were consistent with the programmed
time, thus the system delay to transfer was consistent with the programmed delay to transfer.
The measurements show showed a high repeatability, showing high system reliability.
5. CONCLUSION
The system design and testing was done successfully. As has been illustrated earlier, switching
to the solar system requires user acknowledgement. This is because most solar powered homes
won’t have a system capable of sustaining the complete household load. As such, most
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households will use solar energy for lighting and other light loads. Also variations in the
technical specifications for different generator systems should be critically considered. As for
the future recommendations, additional sensors can be added to check voltage and current
variations of the switched ON power source. Generator sources usually exhibit fluctuating
behaviour especially if they have a fault or if they are due for service. Solar based systems also
require battery level monitoring so as to avoid over drain of the battery banks.
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ABSTRACT
The public lighting systems of cities and towns in Zimbabwe are failing to provide adequate
lighting due to the apparently high cost of electricity from the main grid which goes for
$0.14/kWh as well as poor monitoring and control of the light fixtures as some are left switched
ON during the day. The kind of light fixtures which are mostly Sodium Oxide lamps consumes
a lot of energy leaving the electricity bill too exorbitant for municipalities. It was based on this
premise that an integrated, smart remote monitoring system for solar LED street lights was
developed. An energy saving smart lighting system with integrated sensors and controllers for
real time reporting to achieve fault attendance within a short period of time was realized in the
design. The rationale of this research was based on the cost savings (amounting to 74%)
associated with the use of solar energy as well as constant monitoring of the street lights.
Key Words: Public lighting, Solar Energy, Cost savings, Central control, System sizing.
1.0 INTRODUCTION
With the increased use of green power, the solar LED (Light Emitting Diode) street lighting
system is of great value on public illumination. Monitoring and controlling of street lights are
of utmost importance in order to reduce the energy consumption and power outages whilst
improving security of the society. This research focuses on remote monitoring of solar powered
LED street lighting system. The system will have automatic real time reporting functionality
which will be energized in case any light is damaged or malfunctions and will indicate the
damaged light(s), thus it will be easy to locate and repair. On site solar modules with charge
controllers, Zigbee Radio Frequency (RF) modems and sensors are the chief architect of the
design for power source and real time reporting. Hence, the research will give the best tool for
Energy Management System (EMS) for public street lighting system.
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Currently in Zimbabwe’s cities and towns, street lights are inefficient and a large amount of
energy is consumed (Wamukonya, 2012). Generally the street lights use traditional lights which
may be high intensity discharge (HID), high pressure sodium (HPS) lights and metal halide
(MH) (Gumbo at el. 2005). According to Kayo (2010), the use of renewable energy has been
appreciated especially in the metropolitan cities like Harare and Bulawayo; nevertheless the
street lights are not monitored or controlled remotely. Kayo (2010) added that there is need of
a central office to monitor power consumption of street lights or diagnose a street light that
fails. Wamukonya (2012) also factored in the good service LED lights use for modern solar
street lighting. It was highlighted that LED provides much higher lumens with lower energy
consumption. The energy consumption of LED fixture is at least 50% lower than traditional
lighting systems which are widely used as lighting source in traditional street lights (Costa et
al, 2009). In Zimbabwe street lights often go for 24 hours without switching off due to
malfunctioning of the automatic switches. This phenomenon negatively impacts on the energy
usage which translates to unnecessarily high bills. It is against this background that lighting
and maintenance costs are too high and contribute significantly to poor service delivery in
relation to outdoor lighting.
Several attempts have been made in the field of street lighting. In a patent from Dialight
Corporation, although LED lighting was considered, the design did not take into consideration
the need for an independent power source. In order to get a quick pay back, the use of solar
power will mean a considerable energy saving and even eliminate the use of grid power energy
for street lighting.
A review of related work over the 4 main wireless communication which are: GSM, ZigBee,
Wi-Fi and Bluetooth resulted in focus being more on wireless data communication. Generally
ZigBee, Wi-Fi and Bluetooth provide varying effective ranges, but, however, they all do not
exceed 100 meter radius unless a router is incorporated. GSM communication give ranges
which goes for thousands of kilometers and is ideal even for global communication but there
are costs attached to it. It is against this advantage that Zigbee communication protocol do not
have service charges, hence shall be the communication protocol to use.

640

2.0 OBJECTIVES
1. Build an energy saving smart lighting system with integrated sensors and controllers
for real time reporting to achieve fault attendance within 24hrs.
2. To install Zigbee modules for wireless data transmission between lighting post and the
central main computer for remote communication within 60 seconds.
3. To achieve at least 70% savings in energy consumption through use of Solar LED
Lights.
3.0 METHODOLOGY
The research was carried out systematically with well-defined procedures. The research
approach included literature review, concept selection and development of the chosen solution.
The design was built, tested and results were analyzed.
3.1 Concept Selection
After identification of public lighting needs, the researchers chose alternative design concepts
in response to these needs. Concept selection was used for evaluating the generated concepts
with respect to set criteria. This was done using a selection matrix. The process involved
comparing the relative strengths and weaknesses of the concepts, and selecting one or more
concepts for further investigation or development. In this design, the designer applied concept
screening and concept scoring in which the Zigbee network protocol was chosen and the
configuration is as shown in Fig. 1.

Fig 1: Configuration of street light monitoring system based on Zigbee network Protocol
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3.2 Design Calculations
Four main aspects were considered when designing the solar system and these were the amount
of energy required to power up a street light, the battery capacity required, the charge controller
size and the solar array required to produce the required electrical energy.
3.2.1 Determination of Energy required
Considering that 6 LED lights will enhance a single post illumination and a single light is rated
100 Watts.
𝑇𝑜𝑡𝑎𝑙 𝑒𝑛𝑒𝑟𝑔𝑦 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 𝑝𝑒𝑟 𝑝𝑜𝑠𝑡:
= 𝑁 𝑜 𝑜 𝑓 𝑙 𝑖 𝑔 ℎ𝑡 𝑠 x 𝑃 𝑜 𝑤 𝑒 𝑟 𝑟 𝑎 𝑡 𝑖 𝑛 𝑔
= 6 x 100
= 600 𝑊 𝑎 𝑡 𝑡 𝑠
3.2.2 Determination of Battery sizes
Battery capacity is measured in Amp Hours hence there is need to convert this to Watt Hours
by multiplying the AH figure by the battery voltage or vice versa. Considering the lights are lit
for 12 hours every day.
𝑇 𝑜 𝑡 𝑎 𝑙 Energy 𝑠 𝑢 𝑝 𝑝 𝑙 𝑦
= 𝑃 𝑜 𝑤 𝑒 𝑟 x ℎ𝑜 𝑢 𝑟 𝑠 𝑜 𝑓 𝑖 𝑙 𝑙 𝑢 𝑚 𝑖 𝑛 𝑎 𝑡 𝑖 𝑜 𝑛 /𝑑 𝑎 𝑦
= 600 𝑊 𝑎 𝑡 𝑡 𝑠 x 12 𝐻 𝑜 𝑢 𝑟 𝑠
= 7 200 Wh
Considering a 12 V battery bank;
𝐵𝑎𝑡𝑡𝑒𝑟𝑦 𝑆𝑖𝑧𝑒 (𝐴𝑚𝑝 − 𝐻𝑜𝑢𝑟)
=

𝑇𝑜𝑡𝑎𝑙 𝑝𝑜𝑤𝑒𝑟 𝑠𝑢𝑝𝑝𝑙𝑦 𝑛𝑒𝑒𝑑𝑒𝑑
𝑉𝑜𝑙𝑡𝑎𝑔𝑒 𝑟𝑎𝑡𝑖𝑛𝑔

=

7 200 𝑊𝑎𝑡𝑡 − ℎ𝑜𝑢𝑟𝑠
12 𝑉𝑜𝑙𝑡𝑠
= 𝟔𝟎𝟎 𝑨𝒎𝒑 − 𝒉𝒐𝒖𝒓
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Where the charging efficiency is 80%
Considering that the battery can only discharge up to 80 %:
𝐴𝑐𝑡𝑢𝑎𝑙 𝐵𝑎𝑡𝑡𝑒𝑟𝑦 𝑅𝑎𝑡𝑖𝑛𝑔,
=

1
× 600 𝐴𝑚𝑝 − 𝐻𝑜𝑢𝑟𝑠
0.8

= 𝟕𝟓𝟎 𝑨𝒎𝒑 − 𝑯𝒐𝒖𝒓𝒔
3.2.3 Consideration of Autonomy
This is meant to decide how many day worth of energy you want to store in the battery bank.
Generally this is anywhere between 2-5 days.
𝐵𝑎𝑡𝑡𝑒𝑟𝑦 𝑏𝑎𝑛𝑘 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦
= 𝐴𝑚𝑝 − ℎ𝑜𝑢𝑟𝑠 × 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓𝑑𝑎𝑦𝑠
= 750 𝐴𝑚𝑝 − ℎ𝑜𝑢𝑟𝑠 × 2 𝑑𝑎𝑦𝑠
= 𝟏 𝟓𝟎𝟎 𝑨𝒎𝒑 − 𝒉𝒐𝒖𝒓
3.2.4 Determination of Solar Panels
In meteorological practice sunshine is measured in number of hours of bright sunshine. It is
determined by the sun's obliquity and cloudiness. It therefore undergoes seasonal variations
inversely related to those of cloud cover. Zimbabwe has a maximum average of 9.5 hours of
sunshine per day from May to October and a minimum of 6 hours in December when cloud
cover is maximum (Meteorological Services Department, 2016).
Considering the least sunshine hours of 6; sizing the solar panel;
𝑆𝑜𝑙𝑎𝑟 𝑃𝑎𝑛𝑒𝑙 𝑃𝑜𝑤𝑒𝑟 𝑆𝑖𝑧𝑒 (𝐼𝑑𝑒𝑎𝑙)
=

𝑇𝑜𝑡𝑎𝑙 𝑒𝑛𝑒𝑟𝑔𝑦 𝑡𝑜 𝑏𝑒 𝑢𝑠𝑒𝑑 𝑑𝑎𝑖𝑙𝑦 (𝑊ℎ)
𝑆𝑢𝑛𝑠ℎ𝑖𝑛𝑒 𝐻𝑜𝑢𝑟𝑠 𝑝𝑒𝑟 𝑑𝑎𝑦

=

7 200 𝑊𝑎𝑡𝑡 − 𝐻𝑜𝑢𝑟𝑠
6 ℎ𝑜𝑢𝑟𝑠

= 𝟏 𝟐𝟎𝟎 𝑾𝒂𝒕𝒕𝒔
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Considering Solar Panel operating efficiency of 80% Actual Solar Panel size becomes:
𝑆𝑜𝑙𝑎𝑟 𝑃𝑎𝑛𝑒𝑙 𝑆𝑜𝑙𝑎𝑟 𝑆𝑖𝑧𝑒 (𝑃𝑟𝑎𝑐𝑡𝑖𝑐𝑎𝑙)
=

1
× 1 200 𝑊
0.8
= 𝟏 𝟓𝟎𝟎 𝑾

Hence 5 x 300 Watt Solar Panel Array is required.
3.2.5 Determination of Charge Controller
Choosing a well-made charge controller is important for the long life and efficiency of the
entire solar power system. A charge controller optimizes the power coming in from the solar
panels and protects the battery bank. Solar charge controller sizing basically involves "getting
a charge controller big enough to handle the amount of power and current produced by your
solar energy system".
𝐶 ℎ𝑎 𝑟 𝑔 𝑒 𝐶 𝑜 𝑛 𝑡 𝑟 𝑜 𝑙 𝑙 𝑒 𝑟 𝑆 𝑖 𝑧 𝑒 (𝐴 𝑚 𝑝 𝑠 )
= 𝐼 𝑛 𝑠 𝑡 𝑎 𝑛 𝑡 𝑎 𝑛 𝑒 𝑜 𝑢 𝑠 𝐶 𝑢 𝑟 𝑟 𝑒 𝑛 𝑡 (𝐼 𝑠 𝑐 ) x 𝑁 𝑜 𝑜 𝑓 𝑆 𝑜 𝑙 𝑎 𝑟 𝑃 𝑎 𝑛 𝑒 𝑙
= 15.87 𝐴 𝑚 𝑝 𝑠 x 5 𝑃 𝑎 𝑛 𝑒 𝑙 𝑠
= 79.35 𝐴 𝑚 𝑝 𝑠 x 1.25 (For a safety factor of 25%)
= 100Amp (approx.)
3.3 Circuit Design Components
The components in table 1 were used for the fabrication of the prototype.
4.0 RESULTS
As current trends in engineering are no longer a matter of show casing technology alone, but
need for inculcating technopreneural skills and financial savings is of paramount importance.
Through this dimension of thinking, economic and cost benefit analysis carried out to ascertain
the amount of savings which the project is to save. The payback period was 6.5 years.
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4.1 Cost analysis
The design will result in huge savings if implemented as proven by immense cost savings as
shown in table 2 and table 3. The system comparative cost analysis is also shown in table 2 and
table 3.
Table 1: Integrated Circuit (IC) and components
COMPONENT SPECIFICATION
FUNCTION
Microcontroller
PIC16F877A
Brain of the system. Used for decision making and
control of the entire system
Voltage
Level Max232
Change voltage level to RS to TTL levels so that
converter
communication between PIC and PC is achieved
Real Time Clock DS 1307
Gives clock values in real time
Relay
Switch
Switch ON/OFF of the LED Lights
Solar Panel
To capture and convert solar energy to DC power
Current sensors
Check if light is actually on
Wireless
Zigbee Modules
For wireless signal transmission
transceivers
LED Lights
For light illumination
Gloss Paper
For PCB Construction
Metallic
must
For solar and control-monitoring gadgets
and stand
Package
For housing of the PCBs
Cabling
Electrical wires to enhance components connectivity
Charge
Regularizing current flow from panel to the battery
Controller
Battery
As the power back of the lights and the system
Crystal
22pF/ 27pF
oscillators
Reset
Push 10 kOhm resistor
Button
Light Dependant
Resistor (LDR)
Capacitors
470μF/ 50V & 10μF/
25V
Transistor
BC547
Voltage
LM 7805
Regulator

Oscillation of capacitors
For resetting of circuit
Sensor to detect light intensity
To smoothen varying DC supplies.
Switching action of relay
Regulates D.C Voltage to give out +5V to power on
5V devices
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Table 2: System cost over 25 years
Item
Cost ($)
1
2
3
4
5
6
7

Solar array
Battery bank
Charge controller
Control system
Installation
Maintenance
Remote computer
Total

1500
1300
450
1850
1500
3000
3000
$16900

Comment
Being replaced every 3 years
Being replaced every 10 years

For replacement of batteries and charge controllers

Table 3: Cost analysis of the two systems per post
Item
Present Proposed Savings Comments
Wattage (W)
6000
600
5400
Energy (Wh)
79200
7200
72000
Including cost for lights ON during the day
if at most 10% of the lights are faulty.
Cost/kWh ($)
0.14
0.0097
0.13
Cost/month ($)
332.64 70
262.64
Cost/year ($)
3991.68
Cost/25 years ($) 99792
26000
73792
Added cost of battery replacement every 3
years
% saving
74%
4.2 Integrated Circuit development and testing
The circuit was developed with a provision of using a cable (Universal Serial Base (USB)).
This was initiated because of the need to test the control circuit before remote or wireless
communications is worked on. Later the researchers built the Zigbee remote site circuit which
was integrated to the control circuit positioned at the remote lighting fixture site. As there is
need for transmission and receipts of data signal between the report site and the Personal
Computer (PC) or control room, another Zigbee modem circuit to be connected to the computer
was developed. The system was tested for functionality and communication was achieved.
Though the effective range was estimated to about 100m, if good quality Zigbee Modems are
used with aerial effectiveness, the range could go up for several kilometres.
4.3 Prototype testing and functionality
The computer human interface was developed using Visual Studio 2008. The interface window
allows the user to connect to the com port (computer port) where the transceiver of the Zigbee
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at the control room is connected (See Figs. 2-4). The window through a click of a button gives
the viewer to see the state of each light fixture at any given time. Also the system allows the
user through the interface window to manually switch ON/OFF the lights.

Figure 2: Control circuit block diagram

Figure 3: Track diagram of the control system

5.0 CONCLUSION
With the benefits attached to remote monitoring, green technology and LED lights the project
proved to be a short in the arm for public urban lighting as costs can be drastically reduced.
The installation of the system at a broader spectrum is easy as the developed system can
monitor, control and save power, and only a few additions can be incorporated to achieve
optimum service. Hence the researchers recommends the installation of the project starting
with the main metropolitan cities.
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The savings from implementing such a system amounted to $73792 over a period of 25 years.
This is actually 74% savings in 25 years. The payback period is 3 years and the return on
investment is 275%.
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ABSTRACT
Capacity utilisation of solar energy in Zimbabwe is still low. Currently, only small scale photovoltaic
(PV) solar systems are dominating in the market mainly for domestic applications. This study analyses
the feasibility of investing in concentrating solar power (CSP) technologies for electricity generation.
The software, Solar Advisor Model (SAM) developed by the National Renewable Energy Laboratory
(NREL) was used to design a 100 MW solar thermal power plant in Harare using different technologies
namely Solar Tower (ST) and Parabolic Trough (PT) CSP technologies. The technical and financial
performance predictions for the power plant were analysed and compared for the two technologies used.
The results indicated that ST power plant is capable of producing an annual electrical output of 170.5
GWh at a levelised cost of energy (LCOE) of $0.33 / kWh, while PT power plant produces 77.7 GWh
at $0.56 / kWh. In addition the capacity factor for the ST technology is 19.6 % as compared to 8.9 %
for PT technology. It is therefore concluded that between the two CSP technologies, ST can perform
better than the PT when using solar energy for electricity generation at large scale in Zimbabwe.
Key words: Concentrating solar power, Solar Model Advisor, Solar tower, Parabolic Trough,
Zimbabwe.

1.

INTRODUCTION

Energy, besides being the major factor in driving manufacturing, agriculture, mining and
transport sectors, it is also crucial for domestic applications. This therefore, makes energy one
of the key drivers that determine the socio-economical situation of any country. According to
the World Energy Resources 2013 report (World Energy Council 2013), non-renewable energy
sources are still dominating the global energy mix which is a great challenge because these
sources are the chief culprits of green house gases (GHG) emissions into the atmosphere. These
GHG cause global warming and ultimately climate change which leads to several negative and
catastrophic impacts to the environment and life in general. In addition, non-renewable energy
resources are depleting, so dependency on them can only be a major risk to the energy security
in the future. In Zimbabwe, different energy sources are being utilised, which include biomass,
coal, hydro and other renewable sources (Energy Recipes, 2006).
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Currently, several renewable energy technologies are being used in the country, even though
the capacity of utilisation is still very low as compared to the technical potential (Energy
Recipes, 2006). Solar is one of the most abundant renewable energy source in the country but
its use is only limited to small scale PV solar systems and domestic solar water heating (Energy
Recipes, 2006). There are very few if any concentrating solar power (CSP) technologies in
use. However, research outputs are indicating that CSP technologies can contribute a large
fraction in the future global energy mix because of their potential to offer large scale energy
storage as compared to PV solar technologies (IT Power, 2014).
CSP technologies depends on availability of direct normal irradiance (DNI) which is a
component of the solar radiation that manages to reach the earth surface without being
absorbed, reflected or refracted. Research have shown that Zimbabwe is well placed to exploit
this technology since several regions are receiving good amounts of DNI which are greater 4.0
kWh/m2/day as shown in the map in figure 1(S. Ziuku et al., 2014).
This technology is currently contributing a small part of the energy used globally, but the
technology is continuously developing to a high level of commercial maturity as evidenced by
a growth rate of about 40% per year since 2005 (IT Power, 2014). Several research and
development activities are ongoing, which include feasibility studies, researches on improving
efficiency as well as on reducing the costs of CSP systems. IT Power, a consulting company in
renewable energy, efficiency and carbon markets in Australia worked on a companion guide on
feasibility studies on CSP plants using the Systems Advisor Model (SAM) software. This
company managed to establish the appropriate and easily understood financial input settings
that allow SAM to easily be used for Australian conditions (IT Power, 2014). Dagoberto
Calamateo and Dongmei Zhou carried out a research on a pre-feasibility study of a small-scale
concentrating solar power plant for an industrial application in the northern region of the state
of California, Sacramento (D. Calamateo et al., 2015). The region had not been explored in
depth and the results suggested that the total cost of the CSP plant in that region is relatively
high as compared to southern part of California. In Nigeria, Muye et al, used SAM software to
compare the performance of two concentrating solar power technologies in Kano, Northern
Nigeria (H. M. Muye et al., 2015). Their simulation results showed that Solar Tower CSP
Technology is more favoured, since a higher annual electricity generation, higher capacity
factor and lower Levelised cost of electricity were predicted in that site. In 2014, Belgasim and
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Elmnefi evaluated the performance of a 100 MW Solar Parabolic Trough power plant under
climate conditions in Libya (Basim Belgasim and Mohamed Elmnefi, 2014). They found out that
this type of solar technology can generate an electrical energy output of about 313 GWh/year
at a LCOE of $0.23/kWh. It was concluded that the results did not only show encouragement
in terms of power generation capacity, but also presented competitive economic prices of the
electrical output.
There are several CSP plants which are already operating and some at various stages of
construction. The total global installed capacity as of 2016 was more than 4.8 GW, with Spain
and United States leading and contributing about 2.4 GW and 1.8 GW respectively (Wikipedia).
Other various countries in the CSP market include China, India, Iran, Australia, Israel, Italy,
Jordan, Mexico. In Africa, some countries are already using CSP technologies for electricity
generation. South Africa have three operational plants with a total power generation capacity
of 200 MW and other plants still under construction with a total capacity of about 400 MW.
Morocco has an installed capacity of 180 MW and about 200 MW under construction
(Wikipedia).

Figure 1. Distribution of average direct normal radiation received per day throught the year (S.
Ziuku etal., 2014)
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Zimbabwe has not yet invested in large scale concentrated solar power plants for electricity
generation, even though the solar resource is available. This article is therefore a pilot study
focusing on feasibility studies of installing a 100MW CSP plant in Zimbabwe by assessing
both technical and financial viability using the SAM software. The country’s economic blue
print, Zimbabwe Agenda for Sustainable Socio- Economic Transformation (ZIM ASSET) sets
clear targets for increasing the share of renewable energy in the national energy mix and this
research is intended to provide the preliminary work required for investing in large scale solar
power plants.
This research work is also in line with one of the National Research Priorities (NRPs) on
sustainable environmental and resource management.
The study will consider the following specific objectives:


Simulating Parabolic trough and Solar tower CSP plants capable of generating 100 MW
with an energy storage system that can provide a back up of 8 hours.



Comparing the viability of technical and financial performances of the power plants



Providing technical and financial information to potential investors.

2.0 METHODOLOGY
The thermal solar power plants being analysed in this study are shown in figures 2 and 3.
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Figure 2 schematic representation of a parabolic trough solar power plant (NREL)

Figure 3 Schematic representation of a solar power tower plant (Simon Mason, Parsons
Brinckerhoff Australia, 2014)
A parabolic trough solar collector system which consists of an array of highly reflective
parabolic troughs is used in this type of a solar power plant as shown in figure 2. The troughs
focus direct sunlight on to thermally efficient receiver tubes which are positioned along the
focal lines of the troughs. A heat transfer fluid (HTF) is pumped through the receiver tubes to
transfer the thermal energy at high temperatures to the power cycle and the heat storage system.
In the power cycle water is heated to produce super heated steam which will be used to turn
the turbines for electricity generation.
The solar tower power plant collects direct solar radiation using large mirrored collectors called
heliostats. These heliostats concentrate direct sunlight on to a single receiver mounted on the
tower as shown in figure 3. Similarly, HTF is passed through the receiver to collect the heat
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and transfer it to the power cycle and thermal storage system for electricity generation and
storage purposes respectively.
System Advisor Model (SAM) software version 2016.3.14 was used to simulate the solar
thermal power plants. This popular software was developed by the National Renewable Energy
Laboratory (NREL) of United States and it based on a set of Thermodynamics, heat transfer
and other mathematical equations. Solar and weather data for a site in Harare (latitude and
longitude), which is compatible with the software, was obtained from the International Weather
for Energy Calculations (IWEC). Input parameters for all the major components of the two
solar thermal power plants were carefully chosen before running the simulations. Tables 1and
2 are showing some of the major technical input design parameters which were considered for
the parabolic trough and solar tower power plants respectively.
Necessary adjustments were done while reviewing the results from the simulation test runs.
Technical and financial performance results were then analysed in order to determine which
CSP technology to recommend.
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Table 1 Input design parameters for the parabolic trough CSP power plant
Input Parameter

Comments

Solar Field
Collector

Receiver

Solar multiple
Irradiation at design
Heat transfer fluid type

Power Cycle
Design net output capacity
HTF inlet temperature
HTF outlet temperature
Freeze
protection
temperature
Condenser type
Ambient temperature
Thermal Storage
Required full load back up
time
Initial hot HTF temperature
Tank height
Thermal energy storage
material
Number of storage tanks

A high optical performance, durable and low cost type is
preferred. For this project Euro Trough (ET150) was
selected.
A commonly used type (Schott PTR 70). It has high optical
performance at high temperatures: transmissivity (96%),
absorptivity (95%) and emissivity (10%).
The option is dependent on the required heat storage system.
950 W/m2
HTF with high operating temperatures, non-flammable and
non-toxic and with lower cost is chosen (molten Hitec solar
salt – minimum and maximum operating temperatures are
238 °C and 593 °C respectively).
100 MW
593 °C - typical maximum value for HTF used
238 °C - typical minimum value for HTF used
250 °C – always chosen to be higher than minimum
operating temperature of the HTF being used.
Evaporative
Considered to be the same as dry bulb temperature for the
site (18.9 °C)
8 hours
593 °C
20 m
Molten Hitec solar salt (fluid with capability of storing
energy for long periods of time with minimum losses is
preferred).
2 (cold and hot HTF storage tanks)
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Table 2 Input design parameters for the solar tower CSP power plant
Input Parameter

Comments

Solar Field
Irradiation at design
Receiver type
Solar multiple
Receiver height
Receiver diameter
Tower height
Heat transfer fluid type

Power Cycle
Design net output capacity
HTF inlet temperature
HTF outlet temperature
Condenser type
Ambient temperature
Thermal Storage
Required full load back up
time
Initial hot HTF temperature
Tank height
Thermal energy storage
material
Number of storage tanks

950 W/m2
A commonly used type is chosen (External)
option 2 was chosen.
Optimised
Optimised
Optimised
HTF with high operating temperatures, non-flammable and
non-toxic and with lower cost is chosen (molten saltminimum and maximum operating temperatures are 238 °C
and 593 °C respectively).
100 MW
574 °C - typical maximum value for HTF used
290 °C - typical minimum value for HTF used
Air
Considered to be the same as dry bulb temperature for the
site (18.9 °C)
8 hours
500 °C
20 m
Molten salt (fluid with capability of storing energy for long
periods of time with minimum losses is preferred).
2 (cold and hot HTF storage tanks)

The financial input parameters used for simulating the financial performance of the solar power
plants are given in table 3.
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Table 3 Assumed financial rates for this assessment
Input parameter

Assumed rate (%)

Inflation rate

1.5 %

Loan interest rate

13.19 % (www.tradingeconomics.com/zimbabwe/interest-rate )

Income tax rate

28 % (www.tradingeconomics.com/zimbabwe/corporate-tax-rate)

VAT

15 % (www.tradingeconomics.com/zimbabwe/sales-tax-rate)

Discount rate

7.17 % (www.indexmundi.com/zimbabwecentral_bank_discount_rate.html )

Annual insurance rate

0.5 %

3.0 RESULTS
Table 4 Predictions of performance of the two technologies
Variables

Performance of CSP technologies
Parabolic trough

Technical

Financial

Solar tower

Annual energy production (GWh)

77.7

170.5

Gross to net conversion factor (%)

40.1

86.1

Capacity factor (%)

8.9

19.6

Total required land area (hectares)

331

720

Levelised cost of energy – real

0.56

0.33

12.59

12.71

48 901 840

53 368 608

($/kWh)
Internal rate of return, IRR (%)
Net present value, NPV ($)

Simulation results from the SAM 2016.3.14 for the two solar power plants are summarised in
table 4.
The assessment of the technical viability of the simulated power plants is based on the
parameters indicated in table 4


Annual energy production
This parameter gives the annual total electrical energy generated by the power plant
and the results indicates that the solar tower technology is performing much better with
an output of 170 GWh of electricity as compared to 77.7 GWh from the parabolic trough
technology. This is mainly due to a high energy conversion factor for solar tower power
plant which 215 % higher than the conversion factor of parabolic trough power plant.
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Capacity factor
This factor indicates the percentage of hours per year during which the solar power
plant is generating electricity at the design rate and from the simulation results solar
tower power plant has a higher capacity factor of 19.6 % which is more than two times
greater than that of parabolic trough plant.

The results are also showing that a 100 MW solar tower CSP plant occupies about double the
land covered by a parabolic trough CSP plant of the same size. This is due to the fact that, the
solar collecting field for solar tower is much larger as compared to the parabolic trough solar
field because of the space consuming layout nature of the heliostats in solar field of a solar
tower power plant.
The total installed costs for parabolic trough and solar tower power plants were obtained as
$655 781 184 and $765 846 464 respectively but the assessment of the financial viability of
the simulated power plants is based on the parameters which are also indicated in table 4.


Levelised cost of energy (LCOE)
This is the commonly used metric in evaluating the economic viability of power
generating plants, which gives the constant price per unit of energy generated over the
entire life cycle of a power plant. In this study, the solar tower technology has a lower
LCOE (real) of 33 cents per kWh as compared to 56 cents for the parabolic trough
technology.



Net present value (NPV)
This financial parameter gives a general indication of the net difference between the
cash inflows and outflows of a project. From the financial simulation results, both
values are positive indicating that the projects are viable. The solar tower power plant
is also performing better with a NPV of $53 368 608 compared to $48 901 840 for the
parabolic trough power plant.

However, the difference between the internal rate of return (IRR) for the two plants is not much
with the solar tower having a slightly higher percentage of 12.71 % compared to 12.59 % for
the parabolic trough system.
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4.0 DISCUSSIONS
The prediction results for both technical and financial performances of the CSP plants obtained
in this study have the same trend to that achieved by other researchers who carried out similar
assessments. At a potential CSP site in Kano, Northern Nigeria (D. Calamateo et al., 2015), it
was observed that solar tower CSP technology can produce 343 GWh with a capacity factor of
43.5% at a LCOE of $0.14 /kWh with an internal rate of return of 18% while a parabolic trough
power plant at the same site would yield 98 GWh with a capacity factor of 12.4% at levelised
cost of energy of $0.53 /kWh with an internal rate of return of 0.22%.
Even though, the trend of the results is the same, it is noted that more energy is being
generated annually at a lower LCOE at a site in Kano as compared to the Harare site
and this is because of the difference in the direct normal irradiance received at these
sites. In South Africa, results from a study on analysing the performance of parabolic
trough and solar tower technologies at two different sites, one at University of Free
State, Bloemfontein and the other in Vanrhynsdorp, Western Cape Province, showed
the same trend that solar tower power plants perform better (A. S. Pidaparthi et al.,
2016).
The model predicted that a 100 MW solar tower power plant would produce higher annual
electrical energy of about 491 821 MWh at LCOE of $0.1605/kWh at University of Free State
and 491 093 MWh at LCOE of $0.1640/kWh in Vanrhynsdorp as compared to 368 472 MWh
at $0.1940/kWh and 380 409 MWh at $0.1924 respectively from a parabolic trough power
plant.
5.0 CONCLUSIONS and RECOMMENDATIONS
Results on technical and economical performances of the two types of solar thermal power
plants led to a conclusion that the solar tower technology is more viable at the Harare site. Even
though, the parabolic trough technology has more maturity in the CSP market, potential CSP
technology investors are advised to consider investing in solar tower power plants rather than
parabolic trough solar power plants. It is also recommended that similar assessment work have
to be done for sites receiving higher DNI values in Zimbabwe so as to identify sites that can
produce higher total annual energy at lower LCOE. On the other hand, it may not be
economically viable at some sites to use CSP technology for electricity generation, but the
technology can still be used to generate the much needed thermal energy for industrial
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applications such as drying, food processing, recycling of materials and other industrial thermal
processes.
While the results, from this study highlight the viability of exploiting solar energy, it is also
important to note the barriers that are slowing down the capacity utilisation of the abundant
solar resource in Zimbabwe. The higher installation cost of solar energy projects as compared
to the conventional energy sources (fossil fuels) is usually one of the major barriers. However,
it has to be considered that the use of fossil fuels is associated the disastrous effects that comes
with global warming and climate change. Lack of curricular in schools and tertiary institutes
that supports the solar technology is another barrier. This leads to lack of skilled labour and
technological know-how which deter adoption of solar technology because of the challenges
that comes with operational and maintenance issues of the solar systems. Some potential
investors are also discouraged by lack of regulatory framework and standards that governs the
quality of solar components in the market.
This is because of the high risk of losing out to bogus dealers in an unregulated market. It is
therefore recommended that, as a matter of policy there should be some financial incentives to
investors in solar projects.
Regulatory framework and standards should be put in place and enforced through relevant
ministries in order to protect small and large scale investors. In addition, solar energy
supporting curricular should be introduced in order to create more avenues of educating and
training people thereby building the capacity of uptake of solar energy.
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ABSTRACT
In the Zimbabwean industries, production of goods is heavily dominated by manual labour in
both processing and material handling. This has greatly compromised the production efficiency
in all the operations involved in the manufacturing stages of products. This paper presents an
assessment on the adoption of Flexible Manufacturing Systems (FMS) on the Zimbabwean
metal fabrication industry for productivity improvement. An FMS gives flexibility in
manufacturing and consists of a set of numerically controlled and automated machines
connected via an automated material system. Both quantitative and qualitative data was
collected. Interviews were done with line managers of 10 metal fabrication companies as they
are directly involved with operations and would contribute on companies’ FMS adoption
decisions. Collected data was presented and analysed using statistical tools. Deterministic
models were employed to provide estimates on system performance. The research revealed the
need for the development of standards and procedures to aid FMS adoption. Hence, an FMS
implementation framework was developed for Zimbabwean metal fabrication industries. The
researchers recommend this framework as a dependable solution for reduced manufacturing
cost and improved quality for enhanced global competitiveness.
Key Words: Metal fabrication Industries, Productivity Improvement, Flexible Manufacturing
Systems
1. INTRODUCTION
Global manufacturing and trading industry continues to evolve and, most businesses are now
faced with an ever increasing need to rapidly adapt to these changes, (Madanhire and Mbohwa,
2016). The changes include changes in market demand, product designs, product life cycles,
changes in production and manufacturing technologies. As markets gradually shift from mass
markets into niche markets, it is becoming imperative that manufacturing entities respond with
proactive strategies to ensure not only their continued survival but also facilitate for their own
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growth in a very competitive environment, (Madanhire et al, 2013). Any organization needs to
focus on quality of products, the cost of products, timely delivery of products and the flexibility
of their internal business process to adapt to rapid changes. The aspect of flexibility becomes
very critical especially when an organization is trying to capture an immediate intermittent
demand of a product. In such environments, the concept of "competing on flexibility" has
become a basic requirement to leading manufacturing firms (Narayan, 2013; Wadhwa et al.,
2009).
For the Zimbabwean manufacturing industry, the lack of transition from the traditional
manufacturing systems to advanced manufacturing techniques is a challenge as noted by CZI,
(2015) when it stated that Zimbabwe is not highly mechanised. Other researchers has also
highlighted that it is companies which are maintaining traditional manufacturing models and
business models that are sinking, (Zimwara and Mbohwa, 2015). Upgrading of manufacturing
system to quickly respond to rapid market demand changes and other issues such as the scarcity
of financial resources and material resources is required. High machine breakdown frequency,
non-reliability in terms of products with consistent quality and reduced productivity militate
against system efficiency. On the other side, labour costs are posing a challenge on business
viability as it was noted that the average labour cost as a percentage of total inputs for the
manufacturing sector is 27% whilst the total employee costs as a percentage of total input costs
is 35%, (CZI, 2012).
A World Class Manufacturing strategy like Flexible Manufacturing Systems, (FMS), enable
companies to compete globally in terms of cost, quality, delivery, flexibility and innovation,
(Zimwara and Mbowa, 2015). It is a holistic approach to manufacturing whereby part mixes
can be produced simultaneously at workstation with a possibility of adjusting quantity as per
customer requirements thus increasing productivity.
1.1 Overview of FMS
According to Yamashina et al (1986), FMS was born in the latter half of 1960 as a means to
improve productivity of small and medium volume production and later that of large volume
production, whilst Avlonitis and Parkinson, (1981; 1986) alluded that the FMS technology
appeared in the early 1970s as a second generation of computer-integrated manufacturing
systems. It is generally seen as a major technological innovation. According to Groover (2002),
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an FMS is a highly automated GT machine cell consisting of a group of processing
workstations (usually CNC machine tools), interconnected by an automated material handling
and storage system, and controlled by a distributed computer system.He also highlighted that
the first FMS installations in the United States were in large companies, such as IngersollRand, Caterpillar, John Deere, and General Electric Co. An FMS is a manufacturing system in
which there is some amount of flexibility that allows the system to react in the case of changes,
whether predicted or unpredicted (Chryssolouris 2005). This implies that if a manufacturing
company has the ability to deal with mixed parts, allow variation in parts assembly and
variations in process sequence, change the production volume and change the design of certain
product being manufactured.
1.2 Basic Components of an FMS
An FMS consists of CNC machining centres, an automated part handling device, central
computer and auxiliary stations such as for inspection assembling, loading and unloading. An
illustration of an FMS is presented in Fig.1.

Figure 8: Typical FMS, (www. me.emu.edu.tr/majid/)
2. OBJECTIVES
The overall aim of the study was to critically assess on the adoption of Flexible Manufacturing
Systems (FMS) in the Zimbabwean metal fabrication industry so as to design a framework to
improve industrial productivity.The objectives set to achieve this aim were:
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To identify the factors that trigger industrial unproductiveness



To analyse the levels of productivity in already automated industries.



To identify systems which can be adopted for productivity improvement



To develop a framework for use in implementing FMS in metal fabrication industries
for productivity improvement.

3. METHODOLOGY
Interviews were done with manufacturers who are into metal fabrication. These were conducted
through telephone, emails and in person to 8 manufacturing companies which were
experiencing dwindled productivity and to 2 which were thriving. The reason for doing these
interviews were to find information on the causes of poor and good productiveness. Poor
performing companies were also asked on suggestions they had to improve productivity whilst
those who had high productivity were questioned about the improvements they had made which
gave them positive results.The researchers then had visits to companies in order to observe and
gather rich information on organizational behaviour and processes. Since several companies
were studied, the observations were done with the aid of a rubric. The rubric helped to outline
the criteria to be used in evaluating the performance of the different companies with
objectiveness and consistency.Organizational documents were also visited which showed
records on how the different companies were performing in terms of production rate, queuing,
manned hours and product non-conformities. Literature was reviewed on the implementation
of FMS in metal fabrication industries and in manufacturing industries in general. The gathered
data was then presented graphically and analysed using the Inductive Qualitative Data Analysis
approach. This was done to find relationships between the data and draw conclusions. The
bottleneck model was used as a deterministic model to provide estimates of a metal fabrication
FMS which included busy servers, part production rates, and utilisation. A framework was then
developed for use in implementing FMS in metal fabrication companies who are geared to
adopt it.

665

4. RESULTS/FINDINGS
4.1 Industrial Productivity
It was noted that on average studied companies, were operating with a productivity of 30%. Of
the factors that were hindering them included technical, personnel, and management factors.
The significance of each factor is presented in Fig 2.
Productivity factors
Magnitude of
Effect; Other; 10;
9%
Magnitude of
Effect; ; 0; 0%

Magnitude of
Effect; Technical;
45; 43%

Magnitude of
Effect; Personel; 30;
29%

Magnitude of
Effect;
Management; 20;
19%

Figure 9: Productivity factors
As is presented in the chart, the majority of the participants highlighted that decrease in
productivity was technology driven. Technological factors cited by those in window frame
manufacturing included incapable machinery, and manual labour due to lack of automation to
aid computer integrated manufacturing. It was discovered that it takes about two hours to
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conventionally produce a window frame whilst it takes 10minutes using an automated factory.
Personnel factors were also seen to contribute to low productivity and these embraced issues
to do with low worker morale due to poor working conditions and to certain extend lack of
competence. Other respondents highlighted that poor management styles were hindering
productivity. These included wrong techniques of production and resource allocation due to
poor scheduling techniques.
4.2 Effects of Low Productivity
With a decrease in productivity there is resultant low capacity utilisation. For the year 2015,
small companies were operating at 26% capacity utilization; medium companies were
operating at 36.1% whilst the larger firms operated at 43.1%. According to CZI “the major
capacity constraints remain unchanged over the last 4 years and this possibly explains why
capacity utilization has been on a downward trend since 2011, because the major issues being
raised keep popping up and hence some are still yet to be addressed. The constraints to capacity
utilisation are presented in Table 1.
Table 5: Capacity Constraints
Constraint

Percentage

Low Local Demand

28.4

Capital Constraints

18.6

Antiquated Equipment and Machine Breakdowns

12.3

Completion from Imports

10.3

High Cost Of Doing Business

8.3

Shortage Of Raw Materials

6.9

Power And Water Shortages

6.4

Drawbacks From Current Economic Environment

2

Other

6.9

Table 1 highlight that imports strain local product demand and these come from countries such
as South Africa, China, Brazil, India and Brazil.
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Figure 10: Market competition
As can be drawn from these findings, failure of industries to be productive result in them facing
stiff competition from imports as indicated by low local product demand.
4.3 Automated industries
Respondents indicated that automated industries were operating at 100% capacity utilisation.
The factors highlighted to be giving them competitive edge included high-tech CNC based
machinery, automated material handling and computer integrated manufacturing. Production
costs of these companies have been reduced hence they are able to compete regionally. Figure
4 illustrates the response from participants on their f=views towards FMS adoption.

Figure 4: Adoption of FMS

The majority of the respondents welcomed the introduction of FMS in metal fabrication but
they highlighted that they lacked the technical know-how on FMS implementation. Compared
to conventional manufacturing, the advantages offered by FMSs includes:
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Ability to produce large variety of same products



initial investment is high but through optimum use of achiness, the investment becomes
profitable.



work is done by automated machines and robots which result in low labour cost due to
this reduced manual work



quick product changeovers due to system flexibity



peedy production due to automation

Nonetheless, there were other respondents who were in disagreement with the introduction of
FMS citing various reasons such as fear of job loss, lack of expertise and lack of trust in
automation.
4.4 FMS Implementation Framework
4.4.1 Stage 1: Objective Setting
Before investing in any system in the business environment, there is need to have clear goals.
Objective setting process helps in making clear-cut policy directions for implementing FMS.
This has to be done in line with the investment decision strategy.
4.4.2 Stage 2: Planning
Failing to plan is planning to fail so the planning stage is a crucial since the success of the entire
implementation process is hinged on planning. Planning will be on fabricated products to be
manufactured (such as, window and door frames, door screens or gates), their quantities,
similar part issues and product market.
4.4.3 Stage 3: Design
Designing include types of workstations and for windowframe manufacturing these include
central computer, cnc welding, cnc bending, and cnc gillotins. Variations in process routings
need to be catered for when producing a different type of a window frame. The FMS layout
should be established to see how the various workstations will be positioned. The type and
number of robots and AGV, AS/RS needed for material handling. The work-in-process and
storage capacity available and the, tooling, pallet and fixtures needs to be established too.
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Quantitative techniques such as deterministic models, simulations, queuing models,
mathematical modelling and heuristics can be used in this process, (Groover, 2001).
4.4.4 Stage 4: Implementation of Systems
After analysing the design, the next stage will be to implement the manufacturing system. It
covers activities the following:


Acquisition of machine hardware i.e the cncs, and controlling computers required.



Acquisition of work‐part‐handling system ie robots and AGVs



Software for the above systems.



Installation of processing stations.



Installation of work‐part‐handling systems.



Integrating the above systems with system operating procedures.

4.4.5 Stage 5: Evaluation Process
Since the implementation of FMS entangles capital injection, there is need to monitor and
evaluate how consistently the new process is being implemented so as to realise return on
investment. There will be reviewing of performance of the FMS to assess what will be working
and not. This evaluation will be made on:


scheduling and dispatching of windowframes,



machine loading on quantities of windowframes at a time,



part routing on routes followed by different windowframe types,



Part grouping to allow simultaneous production.

The evaluation of these issues will aid in adjusting strategies as necessary. The measures of
performance which include maximum production rate of FMS, part production rate,
workstation utilisation and number of busy servers at each workstation should have been
highlighted clearly in the planning stage for the evaluation process to be fruitful.
5. CONCLUSION
Productivity improvement in metal fabrication using FMS is definite and the major challenges
would be the changing from the current methods of manufacturing to those suitable for FMS.
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For metal fabrication plants that use manned group technology cells like the current Siyaso of
zimbabwe, and produce parts in batches, FMS is a very viable manufacturing system.
Generally, FMS in Zimbabwe would need to be introduced in an evolutionary manner (Flexible
Manufacturing Cells) where workers and management alike get exposure until fully fledged
Flexible Manufacturing Systems are in place. This is very ideal for our small and medium
enterprises who are the big players in metal fabrication. In a nutshell Zimbabwe turns to benefit
and these benefits include: increased machine utilization; reduced factory floor space; greater
responsiveness to change; lower inventory and manufacturing lead times; high labour
productivity and the opportunity for unattended production—the system can operate for long
periods without human attention.
6. RECOMMENDATIONS
From the research findings, researchers recommend metal fabricators and related organizations
to use advanced technologies to increase productiveness through implementation Flexible
Manufacturing systems.
This will help improve industrial productiveness, increase capacity utilisation and be able to
compete in both regional and global markets.
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ABSTRACT
An Automated Cattle-Tracker System that utilizes a wireless communication channel to
monitor the position of individual cattle in a ranch. The system used Arduino as the
Microcontroller Unit and integrated it inclusively on an Xbee module for marking the boundary
and a GSM module for transferring messages to the mobile user. The Xbee module wirelessly
marked the limit boundary of the cattle’s grazing expanse and triggered a GSM alert message
to the mobile phone when cattle breached the monitored grazing field. The system includes
several independent hardware and software modules. This paper describes the design and
development of the system.
Key Words: - Arduino UNO board, GSM, Mobile phone, ZigBee, Wireless Communication.
1 INTRODUCTION
Stock theft has significantly increased in Zimbabwe with police reporting that 9 754 cattle were
reported stolen in year 2015 (Crime Reporter, 2015). A ranch is a type of farm and an area of
visible features of an area of land, including various structures, given primarily to the practice
of raising grazing livestock such as cattle or sheep for meat or wool. A cattle ranch is a farm
consisting of a large tract of land along with facilities needed to raise cattle. Different methods
for cattle tracking have been implemented in the past and mostly for better management of
grazing fields (Trotter et al., 2009) and not much on cattle tracking as a way of reducing stock
theft. In an RFID livestock tracking system (Grubb, 2010), the cattle are tagged in the ear or
under their hide using a subcutaneous tag or are made to swallow a bolus tag into their stomach.
Every RFID transponder's ID number is dispersed to a particular cow. Occasionally, RFID
readers are customized up at the cattle’s entrance, allowing farmers to know the number of
cattle absent in the barn. A Low Cost Automated Livestock Tracking System that uses GPS to
track livestock has also been implemented. The system combines a GPS technology and the
RFID technology to track the cattle in a ranching field. The internet of things was used as the
log in platform that can allow the user to be able to follow the tracks of the cattle and its pattern
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of grazing throughout the day. This enabled the system to be as automated as possible as the
internet of things can also be accessed by a smartphone, tablet or a PC, right at the user’s
fingertips. The internet of things acted as the wireless networking platform system that allows
the information from the GPS or tracker to be wirelessly transmitted to the user (Grubb, 2010).
The ZigBee protocol is a wireless channel that encompasses modules that are able to send
messages and communicate over a wider range given the user has a know-how of the limit
range in which any of the two modules can still communicate normally, the user can manipulate
the modules and make them not only to communicate, but to wirelessly create a boundary on
were the cattle should feed on. Unlike the low range RFID technology which requires the tag
and the transceiver to be in a space of a maximum of no more than 12 metres, the modules,
using the ZigBee protocol can communicate within the limit range of 100 metres to 1600 metres
using the line of sight and depending on the module used (Hwang and Yu, 2012). As a strategy
of enhancing the technology, the system has been boosted with a GSM module that enables the
system to convey messages to the user about the know-how and whereabouts of the user’s
cattle, including the information of whether all the cattle are within the limit boundary or maybe
one or more of the cattle has left the boundary. The GSM technology is an abbreviation of
Global System for Mobile communication, previously identified as Groupe Spécial Mobile
(Redl, Weber and Oliphant, 1995). This is an advantageous technology to use in areas where
there is presence of abundant mobile network coverage. If somehow there is limited mobile
network coverage in the area of use, the Xbee modules will be adjusted to send information
about switching on an LED light to a computer server every five seconds. If the module is still
in range, the module will continue communicating else if any of the modules stop
communicating, the user can be informed by the computer server, identifying the module that
has stopped communication, hence identifying the type of the cow that has been lost or that has
exceeded the boundary in the field.
2 METHODOLOGY
As illustrated in Figure 1 below, the cattle tracker is composed of three main blocks which are
the ‘TRACKER’, the ‘ANTENNA’ and the ‘END USER’.
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Figure 11: Block diagram of the Arduino Based Cattle Tracker.
2.1 Tracker
The tracker consists of a SIM 900 Arduino shield, which possesses a GSM module for sending
text messages, all embedded in it. The two nine volt lithium battery was used for powering the
Arduino board and the SIM900 Arduino shield. The tracker also has an Arduino Xbee Adapter
Shield and the Xbee Master that works as the coordinator using the ZigBee protocol. The
Arduino UNO board microcontroller devours all the instructions that must be obeyed by the
other modules and the cattle to be tracked act as the host.
2.2 Antenna
Within the antenna part, a single nine volt lithium battery was used again to power the Arduino
board and the SIM900 Arduino shield. The antenna also consists of an Arduino Xbee shield
and the Xbee slave that works as the router and the end device of the system using the ZigBee
protocol. The Arduino UNO board microcontroller devises all the instructions that must be
obeyed by the other modules within the antenna of the system.
2.3 End user
In the end user, which is usually were the user is located, the mobile device that the user uses,
must at least be using a 2G technology going forward into the later smartphone versions for the
user to be able to receive the SMS or text messages.
In the simulation setup, the Arduino software, X-CTU software and the PROTEUS software
were used to configure and program the Arduino board, Xbee modules and all the other Arduino
shields in the project. To begin with, the antennas’ Xbee master module send frequent
haphazard signals across the field to the trackers’ Xbee slave located at the cattle’s neck. The
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Arduino program instructed the Xbee module to send a packet of data that also includes the
switching on and the switching off of an LED light at pin 13 in the tracker’s Arduino board. If
during the transmission of signals, the connection between the antenna’s Xbee master module
and the Xbee slave located at the tracker fails, the Xbee master will instantly stop blinking.
This will activate the error subroutine Arduino program.
The subroutine of call user using the GSM module is activated. The code commands the
SIM900 GSM module located at the tracker to first call the user for about 10 seconds so as to
draw the user’s attention as usually most SMS or text tones ring for a short time and at times
with lower volume than the calling option. After calling, the user will have to wait for about
five seconds before getting an SMS text message in the user’s mobile phone, alerting the user
of the sudden changes. To reduce the chances of the user relaxing and hence losing the cattle,
the code has been put into a void loop so that a call followed by an SMS can be both sent to
the user every 30 seconds until the user physically finds the lost cattle and manually resetting
the SIM900 GSM module in the tracker.
3 RESULTS
During testing, the GSM module made the first call five seconds being booted up and between
six to seven seconds for the SMS text to reach the user. A test was conducted to compare the
response time of the data transferred between the two Xbee modules with time. A simple
program was written using the Arduino software to send an alphabet “a” after every 0.4
seconds. Table 1 is a summary of the data collected during the test on the effects of distance
over the transfer rate.
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Table 1: Data collected from observing the effect of distance on the system
Distance Of Tracker From Antenna
(Metres)
10

Time Taken To Send The Alphabet “A” From
Tracker To Antenna
(Seconds)
0.40

20

0.40

30

0.40

40

0.40

50

0.50

60

0.60

70

0.75

80

0.90

90

1.20

100

1.70

Distance vs Response Plot
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Figure 12: Graphical relation between the distance between the two Xbee modules and the
time taken for the alphabet “a” to be transferred from tracker to the antenna.
4 DISCUSSIONS OF RESULTS
When put in the field, the GSM module responded at a much shorter time of roughly three to
four seconds than when the program is loaded whilst the module is off for both the call and the
SMS option. The potential reason was that when the module is turned on, there is need for the
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module to register the SIM card to the mobile networks first before the module can execute the
instructions given to it. Deducing from figure 2, the response time of the Xbees varies
exponentially with the time it is going to take for the user to receive the first call, but as the
time delay is relatively small and comparable to the speed of the cattle in the field, the delay
can be roughly enough to allow the user to react in time during the users effort to try locate the
cattle and to take them back to their original grazing land.
5 CONCLUSION
An automated cattle-tracking system for a ranch was successfully designed and developed. The
system allows for the better management of grazing fields and the confinement of cattle in a
prescribed grazing area. Two Xbee modules were able to communicate together. Whenever the
Xbees get out of range and stop communication, the GSM was triggered in time and within just
an average delay of about three to four seconds, the user’s phone was able to first receive a call
which lasts for 10 seconds and to later on receive a message saying that “the cattle is out of
range”.
6 RECOMMENDATIONS
A GPS module can be introduced so as to allow the user to have the exact coordinates of the
cattle hence locating the lost cattle with ease. This would have a profound advantage as most
users are now in the age of using smartphones hence can easily download and install a google
map or a google earth into their devices and be able to download their location map onto the
application for offline use. This can reduce up to a significant amount of cost.
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ABSTRACT
The study sought to optimise alcohol production in opaque beer and to investigate the brewing
potential of barley and sorghum malt composites in opaque beer brewing. Investigations were
in the use of either barley malt or sorghum malt in first and second conversion; the inclusion
or omission of a straining step prior to pasteurising the product. Product profiling was done on
the different products to determine alcohol content, viscosity and total acidity. The end-product
was also assessed organoleptically. The results showed that composite brews with
barley:sorghum malt ratio of 1:1 and 1:2 had a reduced time in terms of alcohol produced
because there was a significance difference in the alcohol content when comparing brews
prepared from sorghum mixed with barley (ratio 3:1) versus those prepared from sorghum only.
There was lower alcohol content in normally strained brews compared to delayed-strained
brews. Product profiling results showed that composite brews had lower bite intensity and
viscosity (40 cps) as compared to the conventional brew which had higher bite intensity and
higher viscosity (80 cps). Overall descriptions in the organoleptic assessment for the composite
brews were that of a slightly watery product and low bite intensity whilst for the sorghum
exclusive brew, slightly low alcohol content was noted. From the study it was concluded that
the use of a fraction of barley malt (1:2) when mashing sorghum can be seen from the results
to increase the levels of fermentable sugars in its wort and in turn increase the alcohol content
in the opaque beer. Further research is, however, needed in areas of rectifying the
accompanying low acid production which negatively impacts organoleptic qualities.
Key Words: opaque beer, sorghum malt, barley malt, alcohol content, total acidity, viscosity
1. INTRODUCTION
Traditional opaque beer is a popular beverage among Zimbabwean drinkers from both rural
and urban settlements. It is manufactured from maize, red sorghum malt, lactic acid, water and
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yeast. Opaque beer is generally more affordable as compared to lager beer and consumer
demand for the latter has continued on a downward trend as imbibers opt for the less expensive
sorghum beer in the face of a challenging business and economic environment. The downside
to this is the manner in which opaque beer demand is surpassing supply resulting in a ‘dry’
market. Need has thus risen within the industry to find ways in which productivity can be
increased. Current brewing trends are showing that at least 72 hours processing time is needed
in the production of a Zimbabwean commercial brew, herein denoted as TR447*. In an attempt
to reduce operational costs, it is desirable to reduce the production cycle time whilst at the same
time being able to achieve the minimum standard of 4% (v/v) alcohol content and other
parameters acceptable to consumers. Furthermore a better quality product is obtained because
if the product is kept for a long time for instance around 75 hours and above, there are quality
implications to the product such as an increase in acidity which results in the product
developing a strong bite which is undesirable to the consumer. Furthermore, the production of
dimethyl sulphide compounds which result in a “garbage-like” smell commonly known as
mercaptan smell (Taylor, 2001). Moreso the product decreases in sweetness resulting in
sourness. All these quality issues will result in product deterioration as it will not be fit for
consumption and also results in raw material losses. Optimization of alcohol production in
TR447 was the major objective of this work.
Zvidzai (2014) illustrates a research that was done on optimization of alcohol production in
fermentation of opaque beer by varying sieve size. The main aim of the research was to analyse
the effect on efficiency of starch liquefaction and saccharification when the sieve size used for
maize grits adjuncts was adjusted from 0.84mm to 1.0mm and 1.19mm during brewing of
opaque beer. The results showed that sieve size affected the initial sugar levels. The highest
reducing sugar concentration was achieved with the lowest particle mesh sieve size of 0.84mm.
Although mesh size of 0.84mm had the highest reducing sugar levels it had a problem of a
lowered viscosity as compared to mesh size of 1.0mm and 1.19mm. A mesh size of 1.0mm
resulted in a brew with lower reducing sugar levels but had the desirable viscosity. A mesh size
of 1.19mm had the lowest reducing sugar concentration which resulted in low alcohol
production and the product was very viscous. The research recommended that a mesh size of
1.0mm be used in the production of opaque beer.
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Malomo (2012) investigated the effect of commercial enzymes on quality of wort developed
and alcohol productivity of beer from replacement of malted barley (100%) with sorghum as
adjunct. The following percentages of sorghum malt i.e. 50%, 60%, 70% and 80% were
investigated for colour, viscosity alcohol content and free amino nitrogen. The results showed
that the colour was lighter with incremental proportions of the sorghum as it appears as colour
diluents. Free Amino Nitrogen value and alcohol content increased with the use of commercial
enzymes while viscosity decreased (Malomo, 2012). The use of high sorghum percent as
adjunct with commercial enzymes was found to be useful in production of high quality wort
and beer alcohol production at reduced low cost.
The effect of removing second step of malt conversion in the brewing of a local commercial
beer was investigated with the intention of extending shelf life of the product (Kutyauripo,
2009). A variation was made where second malt conversion was not conducted in one brew. A
product with overall acceptability of 70% was made from the brew without the second malt
conversion. The product however, had low bite intensity and head retention accompanied by
lower bacterial load, decreased acid production but improved keeping qualities of the product
(Kutyauripo, 2009). Lyumugabe (2013) conducted research on the potential use of yeast strains
(Saccharomyces cerevisae and Issatckenkia orientalis) and lactic acid bacteria (Lactobacillus
fermentum) as starter cultures to improve opaque beer production. The results showed that
lactic acid bacteria had an influence on the taste of the beer and also contributed to generation
of ethyl acetate and higher alcohols such as 3-methybutan-1-ol and 2-methylpropan-1-ol. I.
orientalis contributed to the production of ethyl butyrate and the generation of phenyl alcohols.
It was recommended to use S. cerevisae in association with L. fermentum and I. orientalis as
starter cultures to produce opaque beer with uniform organoleptic characteristics and a high
ethanol content (Lyumugabe, 2013).
2.0 OBJECTIVES


To investigate the brewing potential of sorghum-barley composite malts in opaque beer
production.



To put up laboratory scale brews to compare straining versus no straining treatments, and
profile the brews at wort stage and at 12 hour intervals after pitching up to 72 hours of
fermentation.
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3.0 METHODOLOGY
3.1 Malt Analysis
A total of 10 batches of sorghum malt were selected from those scheduled for analysis at the
brewing site. Each batch weighed 3500kg but a representative sample of 1kg was randomly
selected from each batch. Quality parameters, which included the diastatic power, moisture
content and percentage Free Amino Nitrogen were assessed. The batch which gave the most
favourable quality parameters was then chosen for further use in the project. The same
procedure was undertaken for barley malt.
3.1.1 Determination of malt and maize moisture content
Basing on TR447 Quality Laboratory Manual (2014), the determination of malt or maize
moisture content was conducted. A 5g sample of sorghum/barley malt or maize was weighed
onto a Mettler LJ 16 moisture analyser and a reading obtained after a constant temperature was
achieved.
3.1.2 Free Amino Nitrogen content
According to the method outlined in the TR447 Quality Laboratory Manual (2014), the
determination of Free Amino Nitrogen of malt was conducted. A mass of 50g of malt was
weighed using a mass balance into a mash beaker into which 400ml of 45°C water was poured.
The beaker was placed into a mash bath set at 45°C for 50 minutes. After this initial 50 minute
span, the temperature was raised by 1°C per minute until the temperature reached 70°C and
these conditions were maintained for 60 minutes and at the end of the mashing, 135 minutes,
then mash cooled to 20°C in 10 minutes using a water bath. The contents of the beaker was
adjusted to 450g by careful addition of water which was then stirred and filtered into a conical
flask, retaining the first 100ml of filtrate. For the sample, 2ml of the obtained filtrate was
pipetted into a 100ml volumetric flask and made to the mark using distilled water. From this,
2ml was pipetted into a test tube and 1ml of ninhydrin colour reagent was added. The tube was
stoppered to avoid loss by evaporation. The blank was then prepared in the same manner
replacing the filtrate with distilled water. For the glycine standard, 1ml of glycine standard
stock solution was pipetted into a 100ml volumetric flask and made up to the volume by
distilled water.
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From this dilution solution, 2ml was added into a test tube prior to addition of 1ml ninhydrin
colour reagent. The 3 tubes (glycine standard, blank and sample) were heated for 16 minutes
in a water bath, and cooled in a water bath at 20°C. A volume of 5ml dilution solution was
added to each of the tubes which was then stoppered and thoroughly mixed by inverting the
tubes. Absorbance readings of all tubes were taken using a spectrophotometer set at 570nm.
The Free Amino Nitrogen content was calculated using the formula:
FAN (mg/dm³) =
Net Absorbance of Sample X 2 X Dilution
Net Absorbance of Glycine standard.

3.1.3 Determination of the diastatic power (DP) of sorghum malt
Based on Lintner’s method (Taylor, 1992) the determination of diastatic power (DP) of
sorghum malt was conducted. Masses of 12.5 g sorghum malt was weighed into 2 extraction
beakers marked –P and +P. A mass of 5g of bacteriological peptone was weighed into the
extraction beaker labelled +P. Volumes of 250ml distilled water were then added into both
extraction beakers which were placed in a water bath set at 30°C for 1hour 45 minutes. During
the extraction period, 200ml buffered starch solution was added into 250ml volumetric flask
labelled +P, +P blank, -P and –P blank and 20ml of 0.5M sodium hydroxide was then added
to all blanks. At the elapse of the incubation period, 5ml of filtered malt extract was added to
each respective flask (+P and -P) and reactions were allowed to occur. After 30 minutes,
reactions were stopped by adding 20ml of 0.5M sodium hydroxide to each flask not labelled
blank. Distilled water was used to make up to the mark and 5ml was pipetted into a 100ml
Erlenmeyer flask. A volume of 10ml ferricyanide was added prior to boiling. Boiling was done
for three minutes on a heating mantle, and the mixture was then cooled soon after boiling.
A 25ml volume of acetic acid salt solution and 1ml of potassium iodine solution were added to
each flask and then immediately titrated against 0.05M sodium thiosulphate until the dark
colour changes to white. The titre was recorded and calculations were done as according to the
formula:
Sorghum diastatic power (SDU) per g of sample = 800 (BP-P)

Where, BP-P ( titres of blank sample-titres of sample)
M = moisture
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3.1.4 Determination of the diastatic power of barley malt
According to Lintner’s method (Taylor, 2001), the determination of diastatic power of barley
malt was conducted.
3.2 The Manufacturing process
Laboratory scale brews were performed in 20 litre vessels and using hot plates and laboratory
stirrers. Brews were put up in triplicate, with parameters like content of maize, lactic acid and
yeast held constant. Adjustments to the standard brewing procedure were in the use of either
barley or sorghum malt (or composites) and inclusion or omissions of a straining step prior to
pasteurisation.
A kilogram of maize grains was milled using a hammer mill with screen size of 1.0mm and
233g of milled maize were steeped with 8l of brewing water. The mash was then cooked for 60
minutes at 100°C with vigorous stirring every 5 minutes. After the cooking stage, mashing was
then carried out at a temperature of 54°C whereby 200g of sorghum malt was added at a pH
range of 5 to 6. At the end of mashing process, the temperature was then raised to 70°C and the
wort was strained using a wire mesh with aperture sizes of 1.0mm. After straining the
temperature was raised to 80°C and pasteurisation was carried out for 30 minutes.
A second conversion stage was carried out in which the wort was cooled to 65°C by topping
up the volume to 20l and 32g of sorghum malt was added and the temperature was held for 10
minutes. The wort was then cooled to 35°C and 4g of active dried yeast was pitched. After
pitching, the wort was stirred for 30 minutes to create aerobic conditions necessary for yeast
growth. The brew was then allowed to cool down to fermentation temperature of 28°C.
Fermentation was then allowed to continue for 72hours. Adjustments to the standard brewing
procedure were in the use of either barley or sorghum malt (or composites) and inclusion or
omission of a straining step.
3.2.1 Adjustments made to the standard manufacturing process
The production of TR447 was conducted using the TR447 standard operating procedure for
opaque beer brewing (TR447 Brewing Manual, 2014). Adjustments were made in the 2nd
conversion whereby composite mixtures consisting of sorghum and barley malt in varying
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ratios (1:1, 1:2 and 1:3) substituted the sorghum component in the standard brewing method.
The setup of experiments is summarised in Table 1.
In the second set of experiments the straining step after mashing was omitted, but the
subsequent brew was then passed through the 1mm strain at 72 hours after pitching and holding
under the standard manufacturing fermentation conditions. The standard brewing protocol also
served as the control in both sets of experiments
Table 1: Summary table showing set up of experiments.
Brew
CB(1:1)

CB(1:2)

CB(1:3)

DSB

Treatment
Control
Use of 1:1 barley/sorghum Use of sorghum malt in
composites malt for 2nd conversion 1st and 2nd conversion (as per standard brewing
procedure).
Use of 1:2 barley/sorghum Use of sorghum malt in
composite malt for 2nd conversion
1st and 2nd conversion (as per standard brewing
procedure).
Use of 1:3 barley/sorghum Use of sorghum malt in
composite malt for 2nd conversion
1st and 2nd conversion (as per standard brewing
procedure).
Straining of brew through a 1mm Normal straining of wort through a 1mm sieve
sieve 72 hrs after pitching with yeast (NSB) (as per standard brewing procedure).

3.3 Product profiling
The product obtained was analysed for conventional quality parameters including pH, total
acidity, viscosity, alcohol content and specific gravity and real degree of fermentation. Profiling
was done at wort stage and at 12 hour intervals after pitching up to 72 hours.
3.3.1 Determination of pH
The determination of pH as done as outlined in the TR447 Quality Laboratory Manual (2014).
The pH was measured using a calibrated Jenway pH meter which was standardised using a
thermometer and buffer solutions of pH 4.0 and 7.0.
3.3.2 Determination of viscosity
Basing on the procedure outlined in the TR447 Quality Laboratory Manual (2014), the
determination of viscosity was carried out. Opaque beer and wort viscosity were measured
using a Brookfield digital viscometer. A representative sample of 100ml (either beer or wort)
was poured into a beaker and was stirred with a glass rod to achieve homogenisation. The
viscosity was then measured and recorded.
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3.3.3 Determination of total acidity
Titration was done as outlined in the TR447 Quality Laboratory Manual (2014). A volume of
10ml beer filtrate was pipetted into a 100ml conical flask and 3 to 4 drops of phenolphthalein
indicator was added using a dropper. The contents of the flask were titrated against 0.1M
sodium hydroxide up to an end point (pale pink colour) using phenolphthalein as an indicator.
Calculation:
(Initial volume – Final volume) X Factor (0.09)

3.3.4 Determination of Alcohol content
Based on the Anton Paar’s method (TR447 Laboratory Manual, 2014) the determination of
alcohol content was conducted. The sample to be measured was initially filtered in which
approximately 40ml of opaque beer filtrate was poured into a cuvette and was put onto the
Anton Paar Alcolyser before obtaining a reading.
3.4 Sensory Evaluation of the beer.
A taste test panel of 5 trained panelists performed a sensory evaluation to assess the beer so as
to obtain the variability in product quality parameters. A hedonic scale was used to score the
beer for the following attributes: bite intensity, product thickness, colour and texture. The beer
to be tested was coded with random digits.
3.5 Statistical analysis
The paired t-test was used to analyse differences in alcohol content, total acidity and viscosity
of strained brews versus non- strained brews and also in composite brews versus sorghum
exclusive brews.
4.0 RESULTS
4.1Malt quality analysis
Table 2 compares the moisture content, diastatic power (DP) and free amino nitrogen (FAN)
values of sorghum and barley malt.
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Table 2: Comparison of sorghum and barley malt.
Parameter

Sorghum malt

Barley malt

Moisture (%)

7.60 ± 1.02

7.35 ± 0.68

Diastatic Power (°WK)

29.86 ± 5.72

248.10 ± 22.48

FAN (mg/dm³)

152.07 ± 46.08

193.18 ± 8.14

Generally the Diastatic power (DP) and Free amino nitrogen (FAN) of barley malt was higher
(DP: 248±22.48; FAN: 193.18±8.14) as compared to sorghum malt (DP: 29.86±5.72; FAN:
152.07±46.08).
4.2 Major observations in the experimental runs
There were some deviations from the normal pattern of brew maturation during fermentation
in several parameters in all experimental trials (Section 4.3). However the greatest deviation
was observed when the straining step was delayed (Section 4.4).
4.3 Composite (barley-sorghum) and sorghum malt brews.
4.3.1 Alcohol content.
The production of alcohol in the composite and sorghum brews is presented in Figure 1 below.
The treatments are as specified in Table 1.
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Figure 1: Alcohol content against fermentation time.
There was a significance difference in the alcohol content when comparing brews prepared
from sorghum mixed with barley (ratios 2:1 and 3:1) versus those prepared from sorghum only
(the control). Composite Brew (CB 1:1) attained higher final alcohol content (4.20%) than the
control (3.73%).
4.3.2 Total acidity.
The product percentage total acidity is shown in Figure 2.
The total acidity profile for the different brews is shown in Figure 2. A t-test performed at the
5% level of significance showed that there was a significance difference (p=0.049) in total
acidity between composite brews and sorghum brews.
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Figure 2: Profile of total acidity of the different fermentations.
4.3.3 Viscosity.
The viscosity profiles of the product brews are shown in the Figure 3. There was a significance
difference (p=0.00) in viscosity between composite brews and sorghum brews at 5% level of
significance.
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Figure 3: Viscosity profiles of the different fermentations.
4.4 Delayed straining and Normal straining brews.
4.4.1 Alcohol content
Figure 4 compares the pattern of alcohol production in the normally strained brew
(NSB/control/ i.e passed through a 1mm mesh after the mashing step) with that which was
subjected to delayed straining at 72hours post-pitching with yeast (DSB). There was a
significance difference (p= 0.001) in the alcohol content when the two brews were compared,
with the DSB registering a generally higher alcohol content as compared to the NSB.
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Figure 4: Alcohol production in the brew subjected to delayed straining (DSB) versus the
normally strained brew (NSB).
4.4.2 Total acidity.
Figure 5 shows the pattern of acid production in the DSB versus the control (NSB). A t-test
was performed at the 5% level of significance showed that there was a significance difference
(p=0.219) in total acidity between DSB and the NSB.
Delaying the straining step resulted in a generally lower level of total acids.
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Figure 5: Total acidity in the brew subjected to delayed staining (DSB) versus the normally strained brew
(NSB).

4.4.3 Viscosity

Viscosity (cps)

The viscosity profiles of DSB versus the control (NSB) are shown in Figure 6.
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Figure 6: Viscosity profile of the brew subjected to delayed staining (DSB) versus the normally
strained brew (NSB).
The viscosity profiles show that delaying the straining step resulted in a much thicker brew
with a viscosity that is at least two times the normal (Figure 6).
5.0 DISCUSSION
5.1 Alcohol content.
Alcohol content reached the minimum acceptable level of 4% in just 48hrs with CB, which
was an improvement over the control which was still below this level at 72 hours (Figure 1).
Generally composite brews had higher final alcohol content at 72 hours. This was also reflected
in the mean values for brix that ranged from around 8.85 to 10.00°Brix whilst for sorghum
brews this ranged from 8.92 to 9.00°Brix. This was attributed to the fact that in the composite
brews where a fraction of barley malt was added there is greater β-amylase activity
(Musarurwa, 2000). According to Musarurwa (2000) of the starch degrading enzymes present
in malt, it is generally held that α-amylase is abundant in both barley and sorghum malt. In
contrast, β-amylase is understood to be limiting in so far as noted by the lower activity in
692

sorghum malt (Musarurwa, 2000). β-amylase activity of sorghum was found to be lower than
that of barley malt and the β-amylase activity of sorghum malt was less than 25% of barley
malt level. The saccharification power of sorghum malt is thus restricted due to limited amount
of β-amylase (Musarurwa, 2000). Introducing barley in the composites therefore may have
resulted in greater β-amylase activity which resulted in a greater content of free reducing sugars
available for conversion to alcohol.
Composite brews had a p-value less than 0.05 at the 5% level of significance thus proved that
there is higher level of alcohol with the addition of barley malt. Lyumugabe et.al, (2012) asserts
that malt provides most of the potential fermentable sugars and free amino nitrogen through
sufficient enzymes that generate a well-balanced fermentation medium. As shown from the
results the average free amino nitrogen (FAN) results in barley malt were higher than that of
sorghum malt and Lyumugabe et.al., (2012) explains that brewing with sorghum malt results
in insufficient conversion of the starch into fermentable sugars for utilisation by
Saccharomyces cerevisae. In addition to the inadequate diastatic power, this also resulted in the
development of under modified malt giving rise to poor yields of sugar extracts (maltose) and
reduced starch conversion causing insufficient fermentation and consequently production of
low volume of alcohol (Lyumugabe et.al, 2012). The lower levels of maltose in sorghum malt
wort make them less fermentable according to Nandwa et.al, (2013)
The conventional method in brewing opaque beer is to strain the wort before pasteurisation
(TR477 Brewing Manual, 2014) but in this project that production step was bypassed and the
product was allowed to ferment up to 72 hours without being strained and was then strained
after the 72 hours had elapsed. The spent grain that is removed from the wort during straining
has a fraction of nutrients for yeast utilisation that aids in the production of alcohol. Brewers
spent grain contains about 80% carbohydrates (Adenira et. al, 2008) of which glucose is the
most abundant monosaccharide (Mussatto, 2009). Brewer’s yeast also contains protein that is
required by the growing yeast cells during fermentation.
A paired t-test for normally strained and delayed strained brews was carried out to find out
which of the two brews produced higher alcohol (Figure 4). The p-value was less than 0.05 and
it was therefore concluded that there was lower alcohol content in strained brews than in nonstrained brews. As previously alluded to in spent grain there is a fraction of nutrients that are
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lost such as carbohydrates (glucose) and proteins (free amino nitrogen) that are necessary for
yeast utilisation to produce alcohol.
5.2 Product profiling
While alcohol development was the main focus of this project, other parameters such as
viscosity, total acidity and brix play a vital role in consumer perception of the final product. In
the composite brews it was generally noted that viscosity and total acidity was very low relative
to the standard brew. The viscosity obtained in composite brew with a barley-sorghum ratio of
1:1 was 35±5 cps while the brew with 1:2 ratio of barley-sorghum the viscosity had increased
to 55±5 cps. For the 1:3 barley-sorghum the viscosity was found to be 65±5 cps while for brews
with sorghum malt only, viscosity was 90±5 cps higher than in composite brews. The test taste
panel also confirmed that the composite brews were slightly watery. The low viscosity observed
in composite malts relates to the synergistic interaction of malt hydrolytic enzymes especially
brought about by the higher β-amylase activity of the barley malt (Lyumugabe, 2012).
According to Lyumugabe (2012) when the starch chain from the maize and the malt itself is
broken by α-amylase a new non reducing chain end is formed which may be attacked by βamylase. Since α-amylase can cleave amylopectin chains on either side of α 1-6 branch points,
therefore it can by-pass branches and provides substrate for β-amylase which can then degrade
starch more rapidly and completely than they are able to do alone. β-amylase then begins to
sequentially remove units of maltose from the non-reducing of these large dextrin. Thus in
situations where the large dextrin would ideally provide the extract for viscosity generation,
they are otherwise broken down to fermentable sugars in brews with composite malts
(Lyumugabe, 2012).
In terms of total acidity of the composite brews in it was noted that total acidity was generally
low as compared to sorghum brews. Results showed that there was a significance difference
(p=0.049) at 5% level of significance in total acidity between composite brews and sorghum
brews. At 48 hours total acidity was 0.30±0.05% and in sorghum brews total acidity was higher
(0.35%). Results for sorghum brews showed that at 48hours total acidity was slightly below
0.30%. Determination of total acidity was also carried out for normally strained brews and
delayed-strained brews. It was observed that there was a significance difference (p=0.219) in
total acidity between normally strained brews (NSB) and delayed strained brews (DSB) at 5%
level of significance. Normally strained brews (DSB) attained higher total acidity than delayed
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strained brews (NSB) from 12 hours to 72hours. According to Voet et. al, (2011) organic acids
are end products of yeast fermentation and are critical to the flavour of beer, but are also
products of bacterial fermentation that introduce a sour flavour, either purposely or
unintentionally due to spoilage. Voet et.al, (2011) explains that possible reasoning for the lower
acidity for the composite brew might be the higher relative degree of fermentation developing
alcohol which is detrimental to the proliferation of lactic and acetic acid bacteria. Their limited
growth within the fermentation media implies poor acid synthesis.
6.0 CONCLUSION
The use of a fraction of barley malt when mashing sorghum can be seen from the results to
increase the levels of fermentable sugars in its wort and in turn increase the alcohol content in
the opaque beer. However a drawback to this approach is the accompanying decrease in
viscosity and acidity. Also brews that were subjected to delayed straining attained higher
alcohol content than those subjected straining prior to pasteurisation. However, straining also
invariably led to a decrease in viscosity of the beer. In summary, these treatments, while capable
of reducing the cycle time from the conventional 72 hours to 60 hours, suffer from the drawback
of resulting in a less viscous product that may not be acceptable to consumers.
7.0 RECOMMENDATIONS
Further investigations to optimise alcohol development without compromising the viscosity of
the product during production of TR477 opaque beer are necessary. Further research can be
carried out on the best procedures for generation of total acidity in brews that attained higher
alcohol content. The use of phosphoric acid and or the combination of both phosphoric acid
and lactic acid for acid enhancement, as well as gums for increasing the viscosity of the product
could be further investigated.
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ABSTRACT
Over the past years automation has impacted a wide range of industries beyond manufacturing
through the reduction of production time, improved system performance and process control.
Recently Zimbabwe has seen a rise of small scale producers of liquid products which include
detergents, liquid soaps, fruit juices, milk products and bottled water. Manual filling methods
being used are resulting in low production outputs and losses through spillages. The
procurement of state of art bottling systems is cost prohibitive as most systems are designed
for large scale industries. This paper describes the design of a low cost flexible automated bottle
filling machine capable of filling two different volumes. The machine was designed according
to the VDI 2206 guidelines for mechatronic systems design. Modelling and simulation was
used to determine the most suitable material, transfer system and filling mechanisms for the
machine. A conveyor based transfer system was developed coupled to a filling unit which fills
four bottles at a time. Developed control algorithms were implemented on an Arduino Due
microcontroller platform. System integration resulted in a physical prototype being produced.
Tests were carried out on the designed machine validating the functionality of the machine.
The designed machine could fill 600 bottles in an hour.
Key Words: Automation, Bottle filling machine, VDI 2206, Arduino, Mechatronics
1. INTRODUCTION
From 1900s companies have evolved from regional firms that mainly produced for local
markets, to today's corporate giants that make products for international markets. This shift
began as companies in the manufacturing sector adopted mass production techniques and
processes. In developing countries, the production of beverages, milk, mineral water and
cooking oil is a major support of the entire economy. Despite the tough economic situations
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Zimbabwe has seen a growth in its liquid handling industry in the past years, for example in
the year 2015, 67 bottled water companies were registered (Gumbo, 2015). Statistics also show
a steady increase in the number of smallholder milk producers (Chamboko & Mwakiwa, 2016)
(Reporter, 2015). An increase in the number of Small to Medium Enterprises (SMEs) that
process beverages, post-harvest of fruits and liquid soap has also been observed. SMEs are the
engine of economic growth and are essential for a competitive and efficient market with
research showing that they are critical for poverty reduction and can play a particularly
important role in developing countries (Seda, 2012). However the Zimbabwean liquid handling
industry still has a low capacity utilization, less than 40% with working capital and antiquated
machinery and machine breakdowns capacity constrains being 32.3% and 11.4% respectively
(CZI, 2013). High costs incurred in the procurement of liquid processing equipment are
contributing to these constrains. Equipment for liquid processing includes bottle filling
machines. The average cost of procuring a bottle filling machine is beyond the reach of most
SMEs with secondhand hand machines averaging USD 20 000. Other SMEs resort to manual
methods of filling which are tedious and time consuming (an average of 5 bottles per minute)
and are subject to losses due to spillages.
Enormous strides have been made in the last twenty years on the size, speed, quality of
performance and complexity of bottle filling machines. One of the key requirements of a filling
machine is that the containers must be filled as quickly as possible with an accurate quantity of
the product (SYSTEMS, 2009).
Different systems and technologies may be used in filling machines though principally these
may be divided into three categories: filling by level sensing, using volumetric flow meters and
by weight. (Bolzoni, et al., n.d.). Filling systems also exist that makes use of specific period of
time to control a flow of liquid into the respective containers (COCHRAN, et al., 2009). Filling
machines generally fill bottles at a specified rate however other machines vary production rates
so as to cater for high demand. Such designs introduce challenges in belt speed control and
research is being done to introduce variable speed conveyor assemblies (Sagar & Sanjay, 2014).
On the other hand decreasing the belt speed results in energy savings, increase in the lifetime
of belt conveyor components such as the conveyor belt and idler rolls (Lodewijks, et al., 2012).
Other design constrains for bottling machines include the filling rates, product changeover
times and filling accuracies (SYSTEMS, 2009).The design of a bottle filling machines is
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multidisplinary in nature as aspects that relate to mechanical, electrical and software
engineering are synergized. This paper describes the design of a flexible bottle filling machines
according to the VDI 2206 design guidelines for mechatronic systems toward constrains such
as higher performance, speed, precision, efficiency and lower costs.
2. OBJECTIVES
2.1 Main Objective
To design a bottle filling system that fills two different volumes at SME's production rates
2.2 Specific Objectives


To design an automated bottle filling system capable of filling 2 different volumes
without reconfiguration



To design an automated transfer unit for the filled bottles



To design and integrate control algorithm for the transfer unit and the filling system

METHODOLOGY
The design of a bottle filling machine is expected to exhibit synergy and integration towards
constrains such as higher performance, speed, precision, efficiency, lower costs. The
mechatronic system design process addresses these challenges following an interdisciplinary
design procedure, with evaluation, integration, and optimization of the system and all its subsystems and components as a whole and concurrently with all the design disciplines working
in parallel and collaboratively throughout the design and development process to produce an
overall optimal design (Farhan, 2013). The VDI 2206 (2003) design methodology for
mechatronic systems guideline worked out by the committee of the Association of German
Engineers (VDI) which was adopted in the design of the bottle filling machine. The main
elements that are presented for the procedural model as a part of the guideline for the VDI 2206
are:


A general cycle of problem solving on the micro-level,



V-shaped model on the macro-level, (figure 2)



Macro-cycles according to the degree of maturity



User-specific process modules for recurring operation steps.
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Figure 13 V-shaped model on the macro-level
3.1 Systems Design
In the design of the bottle filling machine the problem was summarized as follows: Liquid
processing SMEs are not maximizing profits due to losses from poor filling methods and
low production outputs with the procurement and maintenance of state of art being filling
machines being cost prohibitive. The design task was then clarified and described through the
use of requirements. These requirements will also be used in the evaluation of the final product.
Table 1 shows the narrative requirements list.
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Table 1: System Requirements
It should fill bottles of different volumes (0.5L and 1L) and height (150mm and
300mm) at a rate of 0.083l/s i.e. 1L in 12s.
It should fill 300 bottles of 1L in an hour and 600 bottles of 0.5L in an hour
The system should not operate if the bottle has been removed or fallen during
conveyance or filling.
The conveyor should move at 0.10m/s to avoid dynamic instability
Bottle detection and operation of the filling mechanism shall be within 2s-3s
The filling mechanism will have to extend for small bottles and retract for large
bottles
It shall be a microcontroller based system
It shall require 12V/24V DC power for operation
It should be able to count the number of filled bottles
It should have a total weight of 20-60Kg
The machine must be portable occupying a volume space of not more than 10m3
It should be below $1500 manufacturing cost
Target market should be small enterprises
To operate with Newtonian fluids only
It should be compatible with PEP, Metal and Glass bottles
It should have a continuous operation for 12 hours.
The system has two position sensors that detect the mouth of the bottle in
relation to their heights
A cross domain solution concepts was then formulated describing the characteristics of the
product is shown in Figure 2.

Figure 14 –Solution Concept
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The identified subsystems for the machine are the conveyor, sensing, filling, delivery and
control unit. In the respective domain suitable solution elements are then assigned to these sub
functions with the overall system context in mind. Design in the mechanical, electrical and
software domains was then carried out accompanied by appropriate modelling and simulation
activities.
3.2 Mechanical Domain
In this domain the mechanical components were designed the aid of SolidWorks computeraided-design (CAD) software with appropriate material selection carried out. The design of the
subsystems had to be modular for ease of maintenance. Finite element analysis was used for
dynamic tests putting the stability, overall weight and strength of the structure in consideration.
SolidWorks was also used in carrying out simulations for evaluation of the possible
configurations for the conveyor and filling systems. A conveyor system driven by DC geared
motor was selected with a filling unit which delivers the liquid to four bottles through a
distributor being settled for. The working drawings for the mechanical structure are shown in
figure 3.

Figure 15-Working Drawings
3.3 Electrical Domain
With aid of cross domain communication, appropriate design calculations were carried out so
as to determine the appropriate electrical components. Sensor selection, proper sizing and
selection of the actuating devices, determination of the interfacing devices between controller
sensors and actuators was also done. For example, in order to size the geared motor, the
following parameters had to be identified: the speed required to drive the application per its
702

specifications, reflected acceleration torque, reflected friction torque, reflected breakaway
torque, reflected gravity torque, continuous torque and horsepower needed for the application
outlined in (Admin, 2013). Finally using motor Speed – Torque characteristic curves a 12V DC
gear motor, 40 rpm 0.3 horse power, 0.2NM starting torque. The L293N motor driver module
was selected.
Calculation for pump selection was carried out according to the following criterion:


What is required/desired flow (GPM)



Determine the Total Dynamic Head TDH



Consult Pump Curve(s)



Select wire size

Required/desired flow = 1.3GPM=5l/min
Now to determine (TDH ):
Friction loss = (6.6 ’ X 2.67’/100’) + (2 ’ X 6/100’) Friction loss = 0.176’ + 0.12’
Friction loss = 0.296’ Head Pressure
Calculating TDH:
TDH = pumping level + vertical rise + friction loss
TDH = 1.98’ + 4.62’ + 0.296’
TDH = 6.896’ (2.09m)
From the TDH and required/desired flow, a pump can be selected from a performance curve.
The list of electrical components included:


Arduino Due



IR Sensor Module



L298n Dual H Bridge Module



4-Channel Relay Module (5v Coil 12-220vdc)



Water 12v Plastic Solenoid Valve
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Submersible Pump 12vdc



5/2 Way Solenoid Electro-pneumatic Valve



Double Acting Cylinder



24vdc 10a Gear Motor



24v 2a Gear Motor
Proteus design suit was then used to develop the circuit schematic for simulation.

Figure 16-Circuit Schematic
Software Domain
A control algorithm for the system was developed using Arduino Integrated Design
Environment (IDE). The algorithm developed followed the flow sequence as show in Figure 4.
Development of the algorithm as was also such that it should match the selected electrical
components. To properly position the bottles at the filling unit a PID algorithm was
incorporated. The control flow chart is shown in figure 5.
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Figure 17-Control Flow Chart
4. RESULTS
4.1 Deflection Test
Deflection tests were carried out for both aluminum and steel as shown in figure 6 and 7
respectively.
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The steel proved that it has a less deflection than aluminum alloy. Steel: 5.8mm maximum
deflection. Aluminum: 16 mm maximum deflection.

Figure 19-Aluminium 1060 under deflection
4.2 von Mises

von Mises yield criterion to predict yielding of was carried on both the aluminum and steel as
Figure 18-Steel under deflection
shown in figure 8 and 9 respectively.
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Figure 20: 21-von Mises for Aluminum Alloy 1060

Figure 22-Von Mises for Steel
The von Mises shows good results for all the materials.
Steel:

34 000 000 N/m2

Aluminium:

35 000 000 N/m2

For both the deflection and von Mises tests steel had a better score therefore it was used in the
design of the frame
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Figure 23-Mass properties analysis
The mass properties analysis shown in figure 10 showed that the machine weighs 50Kg which
is within the acceptable range according to the design requirements.
5. DISCUSSIONS
The results from the specific domains are integrated to an overall system in order to analyze
the interrelations. This was done with a virtual prototype being developed as shown in figure
11. The design progress has to be checked continuously by means of the specified solution
concept and the requirements. It is to be assured that the actual system characteristics match
with those wanted.

708

Figure 24-Virtual prototype
Figure 12 shows the final design prototype. Validation and verification tests were carried out
on the first version physical prototype and showed that the system:


Could fill 840 bph,



Had an accuracy within 6% of the expected volume,



Had ± 0.06% deviation from the mean volume of the four bottles,



Had challenges on belt alignments resulting belt slippages.



Total cost of the designed system was USD 950

Figure 25-Final design prototype
6. CONCLUSION
The main objective of the project was to develop a low cost bottle filling system capable filling
two different volumes and this was achieved. The machine was designed using locally available
materials adding value to them and which allows ease commercialization and development for
the Zimbabwean SMEs. The modularized design allows ease in maintainability of the machine.
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The machine is also portable and occupies a small volume space thus can be accommodated in
the work space of SMEs without need for larges industrial structures. According to the VDI
2206 other design cycle can be carried out so as to mitigate deviations observed from the tests
carried out.
7. RECOMMENDATION
According to the VDI product life cycle, the machine still need to be continually improved so
as to gain additional robustness as deviations from expected volumes are still being observed.
A capping system was beyond the scope of this project thus addition work requires how that
can be incorporated. Future work can also consider moving sensor units for increasing the
number different volumes that can be filled without reconfiguring. Addition research need to
consider how a feedback loop for quality inspection can be implemented without much
compromised on the total cost of the machine.
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ABSTRACT
Rural to urban migration as well as general urban expansion are putting pressure on the already
overloaded national electricity grid. Expensive power imports and strain on the national fiscus
have been cited. There is enough literature evidence regards effectiveness and sustainability of
hybrid electrical energy systems (HEES). The dynamic nature of photovoltaic (PV) hardware
technologies formed the impetus of this study to power lighter domestic electrical appliances.
The objective of this study was to design and implement a HEES to power lighter domestic
appliances. The design was based on a low density housing units that used twelve lights. This
yielded twelve months cost recovery that was pivoted on a projected power saving of 18.2 MW
on lighting using Bulawayo households’ statistics. There was enough statistical evidence to
recommend large scale implementation and further research to establish the total saving
inclusive of institutional lighting, robots and public lighting.
Key Words: Photovoltaic, lighter appliances, low density housing and clean energy
1.0 INTRODUCTION
Electricity is fundamental to a country’s economicand social development. Electricity supply
interruptions, including shortages have serious repercussions on any effortsto successfully
turnaround the economy and to achieve sustainable economic and social growth (Bank, 2013).
In general the power generation capacity in Zimbabwe is too small to meet demand from both
industry and private house holdings. The country has a theoretical installed capacity of 1920
MW, with an effective generation capacity of 688 MW from four power stations across the
country . Literature evidence of reduced production levels from the four thermal power stations
were cited. In this literature, Hwange was generating 365 MW, Harare 20 MW, Bulawayo 18
MW and Munyati power station was reported out of generation. These low production levels
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have been associated with coal shortages and maintenance neglect (Bank, 2013). Production
capacity at Karibahydro power station has also gone down to 285 MW from 750 MW due to
reduced water level in Kariba Dam.
In an attempt ease the situation, the local power company is relying on an uneconomical and
unsustainable importation of 350 MW from neighbouring countries. Another 320 MW is
anticipated to come from two diesel plants, the Dema Emergency diesel plant (200 MW) and
the Mutare Peaking power plant (120 MW). Generating electricity using diesel fuel is quite
expensive, unclean and unsustainable in most third world countries. The exhaustion of fossil
fuels and environmental degradation has aroused worldwide research attention on renewable
energy as an alternative clean source of energy. Benefiting from the rapid development of
photovoltaic (PV) technology, solar energy generation, as an important component of
renewable energy exploitation, has been witnessing an exponential usage increase in the past
decade (Hao, 2011).
A renewable hybrid energy system consists of two or more energy sources, a power
conditioning equipment, a controller and an optional energy storage system (Faruk, 2012;
Sagar, 2016). Sources for hybrid power include wind turbines, diesel engine generators and
solar PV systems. These hybrid energy systems are gaining popularity in most countries and
Zimbabwe is not spared in this development.The escalating demand for energy, coupled with
steady progress in renewable energy technologies, is opening up new opportunities for
utilization of renewable energy resources. Solar energy is the most abundant, inexhaustible and
clean of all the renewable energy resources known to date. The power from the sun intercepted
by the earth is about 1.8 × 1011 MW, which is many times larger than the present rate of all the
energy consumption (Bhubaneswari, 2011). Photovoltaic (PV) cells can absorb up to 80% of
the incident solar radiation available in the solar spectrum. However, only a certain percentage
of the absorbed incident energy is converted into electricity depending on the conversion
efficiency of the PV cell technology. The remainder of the energy is dissipated as heat
accumulating on the surface of the cells causing elevated temperatures (Makki, 2015).
Zimbabwe is failing to meet its energy demand resulting in longer periods of load shading and
failure to complete the long awaited rural electrification programme. Documented research
evidence shows that 70 % of the country is without electrical power, negatively impacting on
the way people conduct their daily businesses (Ogunlade, 2007). It is against this background
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that economical and sustainable strategies are required to relieve the national grid and to
provide electrical power to our disadvantaged rural communities. A cost friendly PV-Electrical
hybrid system is suggested as a sustainable alternative to power lighter domestic appliances
(lights and entertainment equipment) while heavy loads remain connected to the national grid.
Heavier electrical appliances, which are used for shorter periods remain connected to the
national grid because they have higher initial cost on PV solar systems.
Motivated by the need to relieve the overloaded national grid and the advantages associated
with clean renewable energy, this research therefore focuses on the experimental design and
implementation of a domestic PV solar system. The designed PV system was hybridised to the
national grid and was dedicated to powering lighter house hold electrical gadgets. The PV solar
design is also ideal for powering rural homes thereby contributing in changing the qualityof
their lives.
A PV hybrid system stores the solar energy generated within a battery bank providing the
flexibility to use it during the evening when the usage of electricity is typically at peak
(Bhubaneswari, 2011). The designed PV system brings some advantages including, reduction
in power consumption from the national grid, enables energy independence, enables advanced
energy management andprovides an uninterrupted power supply to both urban and rural users.
2.0 OBJECTIVES
The main objective of this research was to design and implement a solar Photovoltaic (PV) Electrical hybrid energy system for powering lighter domestic appliances in order to relieve
the national grid.
3.0 METHODOLOGY
An analytic, quantitativeexperimental test bed design was developed for a PV-electrical hybrid
energy system for domestic electrical appliances. The hybrid electrical system integrated the
power from the national grid and the designed photovoltaic (PV) solar system. Heavy electrical
loads were powered from the national grid while lighter loads were power from the designed
PV system. The design was based on a low density house with an average of twelve rooms
including toilets and bath rooms. A deductive approach was used to estimate the energy
requirements for medium and high density households.
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3.1 Hybrid electrical system setup

Grid

PV Array
Breakers

Controller
Battery Bank

Heavy
Load

IS

Lights

Inverter

Entertainment

Figure 1:PV Hybrid electrical energy system.
PV array converts solar energy to electrical energy, charge controller controls and monitors the
battery voltage levels, battery bank stores the electrical energy and the inverter converts direct
current (DC) to alternating current (AC).Intelligent Switch (IS) monitors the battery voltage
and toggles between the PV and the grid.
Figure l shows the PV- electrical hybrid system for a domestic household. The national
electricity grid powers the heavier domestic loads including the stove, iron, heater, fridges
and/or the geyser. The main thrust of this research was to design a PV solar system that will
provide power for lighting and entertainment appliances (television, DVD, radio and the
decoder) in the house. An intelligent switch is used to toggle between the national electricity
grid and the PV solar system for powering the lights in the event the PV system develops a
fault.
3.2 Total load determination
One of the primary concerns in designing a PV system is the determination of an optimum
relationship between the PV array and storage battery capacity to supply the required energy at
a specified energy load fraction. Two days of autonomous were considered in the design
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Table 1: Daily energy demand. The table is used in size the battery bank to match the size of
the solar array.
Electrical appliance

Watt Rating

Adjustment

Hoursper day

Energy demand

(W)

Factor

(Hours)

(watt-hour)

TV

75

0.8

8

563

Radio

80

0.8

8

600

Decoder

18

0.8

8

135

12lights @20W

240

0.8

6

1800

Home Theatre

45

0.8

4

225

Total

458

32

3323

The number of hours per day each gadget is expected to be in use is factored in the calculation
of the daily energy demand for the house. An adjustment factor caters for some power loss in
the cables. Thereafter individual components sizing, the solar panel array, battery bank, charge
controller and inverter were calculated from total energy demand calculated in Table 1.
The total energy calculated in table 1 show that a 3.3Kwhrelectrical system will be adequate to
provide lighting and power the entertainment section in an average low density house in
Bulawayo. The experimental design was implemented with a 300 Watts solar panel, three 200
ampere hour batteries, a 30 ampere charge controller and a 500 watts inverter for both medium
and low density households. A high density home with an average of five lights and similar
entertainment equipment required one battery less.
4.0 RESULTS
The study demonstrated the economic effectiveness of using a PV- electrical hybrid system.
An average energy saving of 3.3Kilowatt-hour per household per day is achieved for a low
density home. Similar designs will achieve an energy saving of 2.7 Kilowatt-hour and 2.2
Kilowatt-hours per day for medium and high density households respectively. A case study of
Bulawayo with 16 628 low density, 25 523 medium density and 101 645 high density
households will yield an average total saving of over 61 MW of power. A power saving of 18.2
MW comes from lighting. The total power saving translates to giving back the same amount
of power to the national electricity grid for other productive uses.
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At the current tariff of $0.10 per kWh a total of about US$34000.00 will be saved daily from
Bulawayo. Similar calculations can also be done for other cities. A family on average requires
$60 per monthly against an installation cost of $1200 results in a recovery period of 20 months.
It was noted that the prices of PV components is on the higher side locally compared to a total
installation price of $800.00 attained from neighbouring South Africa giving a saving of
$400.00. If prices are regulated to be in line with other regional countries a recovery period of
twelve months will be achieved.
5.0 DISCUSSION
Globally most renewable energy comes either directly or indirectly from the sun. Sunlight can
be used directly for heating and lighting homes among other commercial and industrial uses.
The study was mainly focused on generating electricity for powering light domestic appliances.
The results obtained from the experimental design are satisfactory to validate the benefits that
come with the hybrid electrical system for both rural and urban dwellers. The study was
however designed and implemented only in Bulawayo and as a consequence the deductive
results are a pure generalization to other regions of the country.
6.0 CONCLUSION
The experimentally designed photovoltaic solar electrical energy system is an economical and
sustainable alternative that comes with a lot of benefits and advantages. Apart from the
economics, hybrid systems empower people with energy security, self-sufficiency and locks in
the future cost of electricity and the system has a longer life span. In addition, it brings the
benefit of controlling when to use the solar power (self use) and provides an uninterrupted
power supply when others have lost the national grid power. Stand-alone photovoltaic (PV)
systems comprise one of the most promising electrification solutions for covering the demand
of rural consumers(Kaldellis, 2009). The stand alone systems if implemented in rural areas
with go a long way in contributing to improving the quality of life.
7.0 RECOMMENDATIONS
Following the global decline in prices of PV solar system components and the long sunny hours
that Zimbabwe receives, this study recommends that people should get more education on the
benefits of utilizing the sustainable clean renewable resource. Government is encouraged to
monitor the quality of the photovoltaic products imported into the country and align the prices
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of PV system components to the regional level as a way of enabling its general population to
invest in the solar energy system. It will be advantageous if the government was to take an
initiative to come up with more grid tired PV system to accelerate the rural electrification
programme. Further study is also recommended on designing similar systems to power street
lights and robots in cities.
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ABSTRACT
Since the inception of Economic Structural Adjustment Program in 1990, a number of smallscale, enterprises has increased. Their existence is crucial for economic growth of the country.
According to WHO, Health All Principles and ILO Conventions on Occupational Safety and
Health No.155 and on Occupational Health Services No. 161, state that every worker has the
right of access to occupational Health and Safety services irrespective of the sector of the
economy, size of the company or type of assignment and occupation. If entrepreneurs are
interested in health, it will have a good influence on work environment and on employee’s
health. The study sought to establish how entrepreneurs approach and utilise Occupational
Health Services. The population of the study comprised of entrepreneurs in Kelvin West
Bulawayo. A sample of 25 entrepreneurs was randomly picked. Qualitative approach was used
and the data was collected through in-depth interviews. Descriptive analysis was used to
analyse the data. The study found out that the majority of the enterprises are not registered and
are not aware of the OHS standards. Health is as perceived by an individual. The study
recommends that Occupational health infractures and programmes be expanded with
dissemination of information a priority in all sectors.
Keywords: occupational health services, entrepreneur
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INTRODUCTION
The inception of Economic structural adjustment program in 1990 has seen the mushrooming
of smale scale enterprises looming up. Their existence is crucial for economic growth of the
country. According to WHO, Health All Principles and ILO Conventions on Occupational
Safety and Health No.155 and on Occupational Health Services No. 161, state that every
worker has the right of access to occupational Health and Safety services irrespective of the
sector of the economy, size of the company or type of assignment and occupation. If
entrepreneurs are interested in health, it will have a good influence on work environment and
on employee’s health.
In 1950, WHO, define Occupationa Health Safety as, ‘ the promotion and maintenance of the
highest degree of physical, mental and social well being of workers in all occupations; the
prevention amongst workers of departures from health caused by their working conditions; the
protection of work are in their employment from risks resulting from factors adverse to health;
the placing and maintenance of the worker in an occupational environment adapted to his
physiological and psychological capabilities and to summarize, the adaptation of work to man
and of each man to his job.”
Ottawa charter of 1986, developed the definition of health from the definition of WHO, ‘Health
is the therefore seen as a resource for everyday life not the objective of living. Healthis a
positive concept emphasizing social and personal resources as well as physical capacities.’
Therefore from the two definitions, it is possible for one to have a disease but view himself as
in good health.
Literature has shown that health can be classified into two groups, the biomedical and the
humanistic. Nordenfelt ( 1986 ), from a humanistic point of view, describe health as linked to
individual’s ability and disease as linked with an individual’s disability. In this case ability is
related to individual’s goals and therefore are not the same for different individuals.
The work environment consist of various factors which brings in new dimensions to health,
causing diseases and injuries which include work accidents and exposure to hazards. studies
on the work environment note that problems resulting from industrial pollution occupational
hazards and the quest for profit by employers cause occupational hazards and health problems
for workers. Therefore the work place is the most ideal place to promote workers’ health by
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introducing activities that would reduce occupational hazards. The primary goal of
occupational health and safety is to foster a safe work environment, protect worker, customers,
suppliers and nearby communities.
Hansson (2004), describe health promotion at work as including individual and organisational
activities, improvements in physical and psychosocial work environment and with leadership
promoting health. Individual’s own ability and motivation for good health are considered
important aspects to take advantage of in the implementation of Health promotion as an
organisational strategy. Health promotion should be goal oriented with goals such as efficiency,
productivity, increased quality and less sick absence.
It is against this background that the study sought to find out the approach and utilisation of
Occupational Health Safety by small entrepreneurs.
OBJECTIVES
1. To establish the knowledge patterns of small entrepreneurs on Occupational Health and
Safety.
2. To investigate the entrepreneurs approach and utilisation of Occupational Health and
Safety.
3. To establish the challenges in the utilisation of Occupational Health and Safety.
RESEARCH QUESTIONS
1. How know knowledgeable are small entrepreneurs in Occupational Health and Safety?
2. What are small entrepreneurs approach and utilisation of Occupational Health and
Safety?
3. What are the challenges in the utilisation of Occupational Health and Safety?
METHODOLOGY
The study used a qualitative approach to research as it sought to find out peoples’ views on the
utilisation of Occupational Health Services.
Population
The study focused on entrepreneurs in Kelvin West Bulawayo. It is an industrial area where the
entrepreneurs have mushroomed.
721

Sample
The study used 25 entrepreneurs who were randomly picked from the Kelvin West Bulawayo.
Instrumentation
The data was collected through in depth interviews. This method of data collection enabled
the researcher to have in depth knowledge of the entrepreneurs’ utilisation of occupational
health services.
The respondents were asked for permission to be interviewed and consent was granted verbally.
Descriptive analysis was used to analyse the data collected
RESULTS
The respondents of the study were males due to the nurture of industrial area.
Age group

Figure 26
Fig 1 shows the age ranges of the respondents. From the bar chart it can be noted that age range
from 20-24 years has the majority representation in the study with 39 percent. This can be
attributed to the fact that the majority of the workforce at Kelvin West in Bulawayo falls in that
range. This was followed by the age range of 25-29 years with 25 percent. The least represented
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age ranges were 15-19 years and 40 and above years. This can be attributed to the fact that
there are few workers in these age ranges.
Research question 1: How knowledgeable are small-scale enterprises in OHS.
Adequacy of information of OHS
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Figure 27
Fig 2 above shows information on the adequacy of information on OHS, the majority of
respondents (55%) noted that they do not get adequate information on OHS from different
sources. The respondents who strongly disagreed on having adequate information on OHS were
8% while 5 % not sure of the information they get.
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Figure 28
Fig 3 reflects the knowledge of the respondents on the benefits of OHS. The majority of the
respondents agreed and strongly disagreed (86%) to having knowledge on the benefits of OHS.
There was 3% of respondents who agreed and strongly agreed on having knowledge on benefits
of OHS. There was 10% of the respondents who highlighted that they were not sure of the
knowledge on benefits of OHS.
Knowledge on risks related to non-compliance to OHS
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Figure 29
The majority of the respondents (46% noted that they know about the risks related to noncompliance to OHS, while 4% of the respondents were of the opinion that they did not know
of any risk related to non-compliance to OHS. The study had 15% which were not sure of the
risks related to which leaves a vacuum for more sensitization programs to be conducted. .
The entrepreneurs were not reached to find out if they are affiliated to OHS. However from the
discussions with the workers, the enterprise are not affiliated to OHS. On the same note, the
respondents of the study have little or no knowledge of what OHS is. Those who have
knowledge are the ones that had work in the formal sector before joining the informal sector.
Among the respondents, the younger ones are mostly not knowledgeable of OHS practices.
The study found out that the majority of the enterprises are not registered and are not aware of
the OHS standards.
Research question 2: what is the extent of utilisation of OHS
The enterprenuers’ s main goal is to ensure productivity and the quest for profit. Due to the
aforementioned, OHS programs are not a priority. Work is important for the individual not
only for economic reasons but for social activities and often plays an essential role in life for
an individual. The importance of work in a person’s life can be related to the importance of
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family, leisure, religion and community. therefore one can engage in any form of work despite
dangers that might be associated with the workplace.
Attitude towards OHS
The attitude of respondents towards OHS. The majority of respondents (52%) either agreed or
strongly agreed. On the other hand 48% disagreed, strongly disagreed and were not sure. This
show an infinite difference of 4% and thus more should be done to enhance the attitude of
respondents towards OHS. The study had 46 % of respondents who disagreed and strongly
disagreed that OHS reduces occupational hazards, 31% were not sure if OHS reduces
occupational hazards. On the other hand 22% agreed and strongly agreed that OHS reduces
occupational hazards which reflects a disproportionate difference of 24% of those who agreed
and disagreed. The study also reveals that 38% of the respondents strongly disagree and
disagree that OHS gives a false sense of security, 30% agreed and strongly agreed that OHS
gives a false sense of security. On the other hand 9 % were not sure if OHS gives a false sense
of security.
Research question 3: What are the challenges in the utilisation of OHS?
Long working hours
The majority of the respondents were of the view that they work long hours in order for them
to meet their set productive levels. Self-reported hypertension and sleep disorders are
associated with long working hours. There is flexibility of working hours, that is influencing
one’s own work hours and deciding when to take holidays or time off appears to have good
effect on health and well-being.
Locus of control
Is a psychological concept about individual’s perception of what cause events and
cicurmstances in life. The perception of events of life are dependent on individuals’s own
behaviour or personal characteristics.
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The quest for profit
This leaves on time for issues to do with safety. The machines in most cases are repaired when
they can not function totally. The is no room or time for servicing the machines as the
organisation may loose out on business the day servicing is done.
When you are not involved in an accident then there is nothing to worry except for making the
maximum production or profit for the day and earn a living.
There is no room for one to fall ill or get injured. The majority of industries in this area, one is
paid according to the number of days that one comes to work and also in line with production
levels of the month. Therefore if not well but in a position to do something , it is advisable to
come to work and be seen to be doing something.
DISCUSSIONS
The results of the study in are line with what Hasle et al 2006, that the majority of the
respondents do not take the OHS seriously, as most of the entreprenuers are not affliated or are
they aware of OHS. This is the exception of the respondents who had worked in the industries
and are now of age. The majority of the respondents to the study had never worked anywhere
else expect for the small scale enterprises. The results of the study concurred with Hansson(
2004), that due to the quest for profits, health of individuals is not prioritised . The small scale
enterprises have no time for OHS programmes as the organisations are in need of making profit
at any cost. The respondents noted that they are aware of the dangers that they might encounter
while executing their duties but due to factors that the enterprises are in need of profit. The
health of an individual is dependent on one’s ability to perform their duties regardless of one’s
medical condition. The workplace to majority of the respondents of the study is not only a
source of economy but also a source of personal gratification and also place where one can
spent time and forget about personal problems. The study showed that long working hours do
put a strain on the workers physical health, which then compesanted by fulfilment they get
from being employed.
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CONCLUSIONS
The study concluded that
 Health is as perceived by an individual.
 The small scale enterprises are not are affiliated to OHS
 There is time OHS programs within the small scale enterprises
RECOMMENDATIONS
The study recommends that
 Occupational health infractures and programmes be expanded with dissemination of
information a priority in all sectors.
 Incentives for small scale entreprenuers that introduces OHS programs
 There be guidelines for the provision of OHS programs in small scale entrepreneurs’.
 Develop evidence-based guidelines for the importance of OHS
 Encourage regional or local professional networks may improve health and safety in
small scale entrepreneurs’
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ABSTRACT
Namibia faces the challenge of timeous access to healthcare information by the communities
and its efficient dissemination by the Centre of Disease Control (CDC). The implications of
this are that provision of healthcare services to the public is negatively impacted. If information
fails to get to the communities, Namibia’s Department of Health might face pandemics that
could otherwise have been brought under control had information been readily available. It is
with this in mind that this paper is towards the development of a mobile application for
healthcare information access and dissemination as opposed to the current manual system of
dissemination. Information was solicited from Namibian communities through questionnaires
and interviews on the levels of access to mobile devices, the prevalence of disease and literacy
levels in Namibia in order to determine the properties of the mobile application to be developed.
As a result, the mobile application developed is Android-based so as to be supported on many
platforms, disseminates information on a varied range of diseases and supports both text and
graphics.
Key Words: Health information systems; mobile applications; health information
dissemination
INTRODUCTION
The Ministry of Health and Social Services (MoHSS) is the main actor in the provision of
healthcare services to the communities in Namibia. The healthcare services are also provided
by private organizations. Both public and private organizations experience the same challenges
in providing these services. One of the main challenges is the communities’ access to healthcare
information on one hand, and the dissemination of health information to the communities by
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the Centre for Disease Control (CDC) on the other hand. The Namibian government is aware
of these challenges, hence they are recognized in the National Development Plan 4 (NDP4)
(Namibia's Fouth National Development Plan NDP_4, 2012). The challenges can only get
worse if they are not addressed timeously. The implications affect and impact how healthcare
services are provided to the general public. This paper provides a solution to healthcare
information dissemination by addressing these challenges, through the development of a
mobile application for health information dissemination.
Mobile applications are gaining momentum worldwide in providing healthcare services to
communities. The increasing penetration of smartphones as well as 3G and 4G networks
provides a significant boost to the use of the mobile applications for healthcare services
provision to communities as a result of an improvement in healthcare information
dissemination, amongst other uses. This benefits the communities since they do not have to
travel long distance to access healthcare -related- information (Boland, 2007). They can always
use their mobile devices to access healthcare information. The health-care service providers
also benefit due to the fact that what would have gone towards transport costs of the service
providers when health information is disseminated to the regions is reduced, and as a result
also health service provision costs (Phil, 2008).
There are a number of studies that are related to mobile technology in healthcare information
dissemination. The study done by Cocosila, et.al (Cocosil, Archer, & Yuan, 2008) aimed at the
evaluation of users’ reasons to accept or resist a mobile application for health promotion. The
study acknowledges the need of ICT and highlights the possibility of ICT to transform the
healthcare sector through innovations such as electronic medical records, hospital information
systems, intranets, public networks, health decision-support and expert systems, telemedicine
and community health information systems that have all altered the cost, quality, accessibility
and delivery of health care. Mashiri, et. al (Mashiri, Nkuna, Chakwizira, & Maponya)
pinpointed the strengthening of the decentralized healthcare systems in rural South Africa for
improved service delivery through testing mobility and ICT intervention options. The HBC
project demonstrated that ICT can be used as an intervention to strengthening the decentralized
healthcare services. Omona & Ikoja-odongo (Omona & Ikoja-Odongo, 2006) conducted a
study and the purpose of the study included the use of ICT in healthcare information
dissemination and access. The study built mobile applications because most studies done had
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excluded the communities from accessing health related information. The study draws the
attention of all the stakeholders in the health sector to the need to support and promote ICT as
the most effective tool for health information access and dissemination.
The study conducted by Yongjian, et. al (Yonjian, Shi, Li, & Wang, 2015), was to analyze the
situation of knowledge dissemination in Chinese rural areas and explore factors that affect the
efficiency of knowledge dissemination, to provide some suggestions for further improvements.
The research acknowledges the use of ICT to disseminate health related information
particularly to the low resources area in China. The study conducted by Murthy (Murthy, 2006)
was to reveal the status of mobile-devices-based healthcare management systems in the world,
particularly in India. The literature reported on technology from SMS interfaces for
receiving/sending SMS to 2G mobile systems, which receive the SMS, converts the SMS into
a query and executes the query. The results are then sent as an SMS reply to the users.
The paper is structured as follows: Section 2 is the objectives. Section 3 is the methodology.
Section 4 is on the findings of the research which feed into the development of a prototype.
Section 5 is the discussions and Section 6 is the conclusion.
OBJECTIVES
The challenge faced by the Namibian government is in raising awareness of diseases by making
health information accessible timeously to the population. Therefore this challenge is
exacerbated by limited access by the communities to government health information services.
This access is made difficult due to the sparsely distributed population of Namibia, which
makes it difficult not only to provide health services, but also adds additional transport costs to
those who want to access the services that are available in clinics and hospitals. It is estimated
that only 1.2 million of the 2.5 million people in Namibia live within 20 kilometers of a public
health facility. That means that there are still challenges with equitable access to health
information across the country as a sizeable population still lives outside the reach of health
service centres. The MoHSS lacks a suitable technology platform where the communities and
health service providers can interact with each other, and where awareness of diseases and
health information is shared between the community and health service providers efficiently.
The efficient exchange and distribution of information within the environment can significantly
address the challenge of access to health information services highlighted in the National
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Development Plan 4 (NDP 4). This research study developed a mobile based application which
is an interaction channel through which health information is exchanged between communities
and the CDC.
The aim of the research was to investigate the mode of accessing and disseminating health
related information to Namibian communities and propose a solution through mobile
technologies.
The objectives of the study were therefore:
1. To understand how healthcare information are currently exchanged/shared between the
service provider and the communities in Namibia.
2. To examine how information relating to healthcare can be distributed and accessed
through mobile technologies.
3. To design and develop a mobile application for health information sharing.
The research question therefore is “How can Information and communication technologies
(ICT) be applied to enable access and dissemination of health information to/in Namibian
communities through a mobile-based healthcare information system?”
METHODOLOGY
Different types of research theories and methods were investigated to produce a research plan.
The theories that were identified for the study were the Activity Network Theory (ANT),
grounded theory and design science research. The grounded theory was used to discover the
research theory. When the research theory was formulated, design and creation research was
used to test the theory. The ANT was to identify role players from the communities, CDC and
researchers. The research paradigm used in the study was qualitative methods. A qualitative
approach was selected primarily because it enabled the study to gather data from the staff of
the CDC and the communities. Face-to-face interviews, focus groups interviews,
questionnaires and document sampling were used as data collection methods to identify the
requirements for a mobile application. Two hospitals, the MoHSS, the CDC and members of
the community participated in this study. The interpretive technique was used to analyse data
collected from the CDC and communities. Through laboratory experimentation, the second
phase of the study led to the development of a prototype mobile application that would enable
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anyone to install the application on their cell phones in order to access general disease
information. Expert reviews on the prototype were sought.
FINDINGS OF THE RESEARCH
Questionnaires were distributed and completed in deep rural areas, peri-urban areas, urban
areas and informal settlements of the Khomas region of Namibia. The reason for studying the
distribution of cell phone ownership in the population was in order to determine if the cell
phone can be adopted as a channel for information dissemination. The results show there is
significant ownership of cellphones among the Namibian communities. Therefore mobile
phones can be adopted as means of dissemination of health information. It also meant that since
the majority of the population hold smartphones, the mobile application to be developed can
have sophisticated features such as those supported on the smartphones.
There are many different ways on how this health information is presented to the communities
in Namibia currently .The most common according to their responses is through mobile phone
with 35%, followed by flyers and health extension workers each with 27% and 12% via radio
and with 10% via television. In addition the mobile phone is the mode through which the
majority would like to receive health-related information, as most people have cellphones
regardless of their location in Namibia.
The reasons for studying the prevalence of diseases in the community was so as to get a picture
of what health information should be disseminated to the communities preferably. The study
found that the most prevalent disease therefore among the general populace was diabetes
followed by HIV, then cancer and malaria.
Most respondents indicated that they were literate and they can operate and use cellphones. In
addition, the fact that they were able to fill in the questionnaires without any assistance even
though the questionnaires were in English which is not their mother language is evidence
enough. Literacy here refers to the basic ability to read and write. The literacy distribution was
100%. Therefore the populace is in a position to utilize an application developed in English
text.
The response to the frequency of clinic/hospital visits was as follows: frequently- 30%, often 33% and never-37%. The frequency of clinic/hospital visits among the general populace
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therefore was 63%. The results symbolized that most people often visit hospitals or clinics.
Although they often visit the clinics and hospitals, it is for minor illnesses as most of the
respondents indicated that they are not suffering from any chronic diseases. Since they visit the
clinics and hospitals, they can then obtain health-related information from there as well.
The study discovered that the CDC doesn’t have a technology platform to disseminate general
disease health information currently. The only platform available at the moment is through
direct interface when patients visit the hospital or clinic and also through pamphlets and
through other patients that come for treatment. At the Ministry level, radio, newspapers, flyers
and disease awareness campaigns are the modes of health information dissemination. The
current technology used to disseminate health-related information to the communities in
Namibia therefore is a manual system which is not efficient and effective in the delivery of
health information to the communities. There is also the issue of language barriers. The CDC
has to come up with material to cater for the myriad of Namibian languages if ever any
campaign is to be effective. This requires a lot of resources, be it financial and human; which
is in short supply. The Department of Information Education and Communication at the CDC
has a shortage of staff to undertake this manual dissemination of information. Space has also
to be made available for the staff to disseminate information from.
For mobile technology to function there should be a supporting infrastructure in place in the
form of hardware and software and telecommunications. Mobile coverage in Namibia is good
in the highly populated areas and along major highways in Namibia. The same cannot be said
about the remote areas. Therefore a platform customized to the Namibian environment to
disseminate health information has to be specifically developed.
The study discovered that the CDC follows set procedures before disseminating health-related
information to the communities. The top management usually sit together and makes decisions
on which health-related information should be disseminated. The study also found out that
CDC doesn’t have an existing framework that guides the dissemination of health-related
information though. The participants indicated that the introduction of ICT to information
dissemination may force communities to acquaint themselves with technologies since this
mobile application requires people to be ICT literate to operate smartphones. Participants
indicated that there is a lack of experts or technical know-how to develop applications
addressing the problem for the dissemination of general diseases information in Namibia.
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The role players in Namibia when it comes to health information dissemination are the Ministry
of Health and Social services (MoHSS) and the CDC. The CDC ensures that communities get
health promotion information and receive treatment. The MoHSS is responsible for all health
related decisions and approves various projects related to health. Social workers/community
health education officers from the CDC travel to all 14 regions in Namibia to promote health
education campaigns and raising awareness in the rural areas particularly. The Department of
Education and Communication at the Ministry level carries the responsibility of raising
awareness among communities. They focus on prevention measures against disease spread e.g.
during the malaria campaign, the Ministry provides treated mosquito nets to the communities.
The study discovered that the adoption of a mobile application can improve the information
dissemination to the communities in Namibia as a result, as this will enable community
members to receive health-related information without physically visiting the hospitals or
clinics. The participants had indicated that the adoption of the new mobile applications will
enhance easy access to general disease information timely and reduce the cost associated with
extension workers travelling to the 14 regions of Namibia to disseminate the information. The
information will be made available anytime and anywhere.
The study found out that the current fragmented health information dissemination system does
not enable the MoHSS and CDC on one hand, and communities on the other, to share
information with one another since the systems available at the moment are manual based
systems and not integrated. The participants indicated that the current manual system is not
collaborative to ensure that the stakeholders can share resources with each other. Therefore this
has made it difficult for communities to access general diseases information timeously and
efficiently. The study found out that the reason why the CDC disseminates general diseases
information manually is because

this is the only platform available to disseminate health

information to the communities in Namibia under the current conditions in the country. If they
could come up with another method that is more efficient, and cost-effective they would
definitely adopt it.
The study found out that there is a need to disseminate general disease information to the
communities in Namibia because this facilitates the continuity and quality of the communities’
care from the health facility to the home and community; promotes family and community
awareness of disease prevention and care related to chronic illnesses; reduces stigma and
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discrimination of people living with HIV and AIDS and other diseases or disabilities; ensures
efficient referrals from health institutions to the community and from the community to
appropriate health and social facilities for clients; increases access to prevention education,
treatment, care and support aimed at reducing transmission of diseases; reduces morbidity and
mortality; optimizes the quality of life and reduce suffering, symptoms and pain for those with
chronic and terminal illness and their families through the provision of palliative care and give
chronic and terminally ill clients and orphans and vulnerable children the choice to receive care
in their own home and community. According to documentation analysis obtained from the
CDC, the importance of disseminating general disease information to the communities is to
create awareness and to ensure understanding regarding prevention and care for those already
affected by diseases. This improves on the quality of life thus reduces suffering, symptoms and
pain for infected patients. The document also highlighted the reduction in the new
infections/transmissions of the diseases, which will allow the system to concentrate on the
current cases. Lastly the dissemination of general disease information is important to guide
patients to look for correct treatment for a certain disease e.g. a case might be serious and a
patient need to be attended by a specialist or referral hospital.
The study discovered that information dissemination models can vary for different diseases
because as it is some countries have mobile application that only specifically address certain
diseases. The study found out that as an alternative mechanism the CDC can possibly make use
to disseminate general diseases information is through a technology-oriented platform such as
a mobile application. Participants indicated that other countries use other platforms such as
mobile applications and social media like Facebook and video conferencing for health
information dissemination.
Emanating from the research results, a prototype mobile application was developed. Android
studio was used to develop the mobile application. This is regarded as an integrated
development environment that provides the fastest tools for building applications on every type
of Android device. Therefore Android Studio is classified as the most world-class code editing,
debugging, performance tool that enables to build a flexible system and an instant build/deploy
system that allows building unique and high quality applications. This implies that only mobile
phones with android operating system can use the application. The study opted to develop a
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mobile application that suits or supports an android operating system because android has the
largest installed base of all operating systems of any kind.
This mobile application developed is compatible with the Android operating system which is
defined as a mobile operating system (OS) developed by Google, based on the Linux kernel
and designed primarily for touchscreen mobile devices such as smartphones and tablets
(statcounter.com,2016). Android's user interface is mainly based on direct manipulation, using
touch gestures that loosely correspond to real-world actions, such as swiping, tapping and
pinching, to manipulate on-screen objects, along with a virtual keyboard for text input, in
addition to touchscreen devices.
Once the mobile application is installed on the smartphone that supports an Android operating
system users are able to click on the application menu and the various diseases pop up and the
user can then select any diseases of their choice, navigate through and get general information
about that particular disease (see Figure 1 and Figure 2). The application is in English text
which means people who are literate in English can use it.

Figure 30: Home screen showing diseases supported
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Figure 31: Disease information
DISCUSSION
There can be no doubt that the challenge of access to healthcare information exists currently in
Namibia, just like in a number of developing countries. There can be no way that the
government can ignore the issue, as it adversely impacts on the quality of healthcare delivery.
Therefore it is imperative that Namibia keeps pace with the developed world which has taken
advantage of mobile technologies to improve access to healthcare information. A number of
projects to test mobility have been undertaken in a number of developing and developed
countries and have proved successful in creating an information-inclusive society. Therefore
Namibia has the opportunity to learn from these best practices. Mobile technology enables
access to information timeously. This overcomes the challenge of the long distances involved
in Namibia and the sparse population. Currently healthcare information is exchanged manually
in Namibia. This has been met with challenges of inadequate human resources to disseminate
the information, limited financial resources due to economic pressures, language barriers, etc.
With significant cellphone ownership, high literacy levels, high levels of cellphone coverage,
the adoption of a mobile application can improve health information dissemination to
communities in Namibia.
The benefits of the developed application are as follows to the communities:
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1. The mobile healthcare application provides opportunities of access to groups that are
normally difficult to reach, such as rural and remote communities.
2. It will enable anyone to access general diseases information using mobile phones.
3. It will enhance the accessibility of general diseases information to the communities in
Namibia.
4. It will eliminate the risks of lack of diseases awareness information to the communities.
5. It will enhance health related information in Namibia if implemented.
6. It will help health community workers in the field.
7. It will provide a common platform for everyone with a mobile phone to get general
diseases information.
8. It will add to existing knowledge in the field of health and mobile technology
9. It will enhance I.T proficiency among the public since it involves the use of a digital
communication devices.
CONCLUSION
The paper answers to the challenge of access to health information timeously and efficiently
through the development of a mobile application for information dissemination. This will mean
that even the remote areas of Namibia will have easy access to health information. The
advantage is that cellphone ownership is high in Namibia and the majority of the population is
literate, that is, they have basic reading and writing skills and therefore will be able to take
advantage of the application. The mobile application will initially support the most prevalent
diseases of HIV/AIDS, cancer, diabetes and malaria. The mobile application developed will
contribute or improve on how CDC and MOHSS disseminate disease general information to
the communities in Namibia. Therefore people with smartphones will be able to install the
application onto their smartphones and be able to get common general disease information on
diseases that cause deaths in most of the Namibian communities.
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ABSTRACT
There is a general consensus that high kVp technique has advantages of demonstrating a wide
range of tissue densities and pathologies, short exposure time, reduced x-ray tube heating and
reduced radiation dose to patients. However, disadvantages include reduced contrast and detail
as well as significantly increased scattered radiation. The objective of this study was to compare
dose rates in different trajectories among different x-ray machines as measured in the low kVp
and high kVp ranges in order to inform exposure optimisation policies. Experiments were
conducted on four general x-ray machines to determine the variation in dose rate with distance
from the bucky along three trajectories. It was observed that radiation safety varied with
trajectory as well as with x-ray machines thereby bringing into question adherence to design
and installation stages for the optimisation of exposures. Further research to explain the
observed dose rate variances with machines is recommended.
Key Words: Scatterd radiation, Peak kilovoltage, Chest radiography, radiation safety,
optimization of exposures
1. INTRODUCTION
A chest x-ray (CXR) is to date the most commonly performed diagnostic examination in
imaging departments (Nicholas, 2010). The chest houses many organs of different optical
densities. These include the bony thorax, respiratory system and mediastinum (Mazalan, 2008).
When imaging the chest, either low kVp or high kVp can be used. The higher the kVp the more
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the x-ray beam penetrates various mass densities of all tissues (Mazalan, 2008). Low kVp
image has superior contrast because of reduced level of scatter. Any increase in scatter radiation
is associated with an increase in occupational dose (UMU, 2014). The increase in scattered
radiation as we move from low kVp to high kVp is well documented (Mazalan, 2008). When
it comes to diagnostic radiology, optimisation of radiological exposures means that doses
should be kept as low as reasonably achievable, economic and social factors being taken into
account compatible with achieving the required diagnostic objective. Sibanda (2012), IAEA
(2010), ECRP (2008) and Martin (2007) concur that optimisation of radiological exposures is
usually applied (at two levels) during the design and construction of equipment and
installations as well as during the day to day radiological practice. However, these researchers
do not go a step further to quantify how much compliance has been reported at each of these
two stages. This leaves a gap in the knowledge base especially when it comes to the comparison
of how commonly utilised x-ray machines comply to stage one optimisation for example.
According to Non Destructive Testing (NDT, 2014) resource center, multiple sources of
scattered radiation involve patients themselves, walls, bucky and collimators. It has been
reported that the largest contributor to occupational radiation exposure is scattered radiation
(ASRT, 2013). This puts high emphasis on the need to monitor scattered radiation and is
therefore, particularly necessary across different x-ray machines and with a change in technique
from low kVp to high kVp. It has been reported that dose from scattered radiation may exceed
regulatory exposure limits (ORS, 2014) which is 50msv per year below which health risks are
insignificant (HPS, 2010). High ratio grids are used nowadays to protect image receptor from
scatter and improve contrast because the angle of scatter allowed by the high ratio grids is less
than that of low ratio grids (Palmer Education, 2007). There also remains room for
improvement regarding counter reduction of increased scattered radiation towards
accompanying nurses as well as backscatter to patients. While radiographers are increasingly
adopting the use of high kVp technique there is evidence from literature that scattered radiation
produced during a chest x-ray taken during ward radiography was high enough to image a hand
(Bowman, 2014). This is compelling evidence to investigate adherence to optimization
protocols.
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2. OBJECTIVE
The objective of this study was to compare dose rates in different trajectories among different
x-ray machines as measured in the low kVp and high kVp ranges in order to inform exposure
optimisation policies. The tested null hypothesis was: “There is no significant difference in
dose rates between high kVp and low kVp techniques”.
3. METHODOLOGY
The methodology followed in this study was guided by international ethical standards of
confidentiality and anonymity. Data was collected from four departments who consented to
participate in the study. These departments were in Bulawayo (two) and Harare (two) and, by
coincidence; they were all conveniently available to the research team. One conventional x-ray
machine was chosen from each of the four different departments. These were all different
models and were representative of manufacturers for x-ray machines used in Zimbabwean
hospitals. The study followed an experimental research design so as to have full control of
variables by fixing the unwanted variables and manipulating the investigated variables. The
independent variables that defined the trajectories were distance from the Bucky and the
scattering angle. No human participants were involved instead a phantom was used to mimic
the chest. The phantom size and collimation were kept constant throughout the data collection.
The effect of the x-ray machine, distance and scattering angle on scattered radiation dose rate
was measured for high kVp and a low kVp. In all these measurements, dose rate was the
dependent variable. The experimental setup mimicked a chest x-ray examination with a
phantom mimicking a human chest. Standard procedures were followed for chest x-ray
examination using straight beam, FFD of 180cm and collimation to the area of interest on the
phantom. These were kept constant while varying one variable at a time: kVp, distance and
angle from the Bucky. Choice of kVp used was obtained from the routine departmental list of
average adult chest x-ray exposures for each research site and therefore for each machine. A
previously calibrated Universal Survey meter was used to measure instantaneous readings of
dose rates. Instantaneous dose rate was recorded against the distance of the survey meter from
the bucky, the scattering angle and the kilovoltage used. The region around the patient
(phantom) was divided into three trajectory paths as shown in figure 1.
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Figure 1 Experimental setup showing the three scattering angles and lines of measurement
from centre of Bucky relative to primary beam direction
In the final research instrument, participating department were represented by codes in order
to ensure anonymity and each machine was identified by a number that was not related to the
hospital or department and a master link code was developed by the researcher for any data
verification. The Universal Survey meter was considered a suitable tool for this experiment
because it was able to measure instantaneous dose rate at preselected time intervals and
specified distances as per the research design. It was portable, easy to mount at different points
and conveniently available at the study sites. However, to ensure smooth comparability of data
across departments, one survey meter was used for all measurements. A reading was taken after
every exposure, and the meter was zeroed to prepare it for the next measurement. For each
exposure the scattered

radiation was measured at distances of 0.4meters, 0.6meters, 0.8

meters,1meters, 1.2meters, 1.4meters, 1.6metres, 1,8meters and 2,0meters from the centre of
the bucky for the three angles (30, 60 and 90degrees). These distances and trajectories were
normal operating distances of aides at the research sites. Each recorded reading represented a
mean of five exposures on the same setting.
4. RESULTS
High kVp and Low kVp techniques had the highest back scatter difference initially but this
difference decreased significantly with distance. Observed dose rate values at selected
distances for machine 1 at 30 degrees trajectory are illustrated in table 1.
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Table 1 Scattered radiation dose rate at 30degrees (machine 1)
Survey

meter

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0

Average Low kVp

9,1

8,8

7,9

5,7

4,4

3,1

1,9

0,7

0,8

19,9

18,0

9,2

6,5

5,8

4,0

3,3

1,5

1,7

10.8

9.2

1.3

0.8

1.4

0.9

1.4

0.8

0.9

distance/m
(μSv/hr)
Average High kVp
(μSv/hr)
Difference(μSv/hr)

Generally, all four machines had the same ordering of low kVp compared to high kVp dose
rates. Inferential statistics at 95% confidence interval of the difference was applied and results
are shown in table 2
Table 2 Calculated p-values between low and high kVp dose rates
Machine number and associated p-value at 95% confidence interval of the difference
One

Two

Three

Four

Trajectory

30

0.05

0.7

0.06

0.03

/degrees

60

0.1

0.03

0.05

0.03

90

0.5

0.03

0.03

0.03

Machine 1 results have statistically strong evidence against the null hypothesis thereby
indicating a significant increase in scattered radiation dose rate between high and low kVp
techniques. However, machine 2 and 3 only had statistically strong evidence against the null
hypothesis at 30 degrees and 30 and 60 degress respectively. Machine four did not have
statistically strong evidence against the null hypothesis hence the null hypothesis was withheld
for machine four. Observed central tendencies regards back scatter for machines 1 to 4 are
illustrated in table 3.
Table 3 Observed mean dose rates at 30, 60 and 90 degree trajectories
Machine number and associated dose rate in μSv/hr
One

Two

Three

Four

Low

High

Low

High

Low

High

Low

High

KVp

KVp

KVp

KVp

KVp

KVp

KVp

KVp

Trajectory

30

4.7

7.7

4.4

7.5

4.4

7.5

3.9

6.3

/degrees

60

4.1

6.2

3.6

6.7

4.2

6.8

3.2

5.4

90

1.45

5.0

1.2

5.1

1.85

5.7

1.83

4.8
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Throughout the range of measurements, high kVp back scatter remained higher than that for
low kVp technique. This trend was consistent for all scattering angles (30, 60 and 90degrees).
In order to enhance visual perception of results shown in table 3, back scatter dose rate
exhibited by individual machines across the measurement categories are shown graphically in
figures 2 to 4. Machine 4 had the least back scatter.

Figure 2 Observed dose rates at 30 degrees

For high kVp measurements at 30 degrees scattering angle (figure 2), machine 4 generally
had the least dose rate until a distance of 1.4 metres where the difference in dose rates among
the machines became insignificant. Drawing from these results, machine 3 generally had the
highest observed back scatter while machine 4 generally had the least. There was evidence
from these graphs (Figure 2 to 4) that the difference in dose rates among the machines became
increasingly insignificant with increased scattering angle.

Figure 3 Observed dose rate at 60 degrees
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Figure 4 Observed dose rate at 90degrees
There was an observed systematic ordering of dose rate graphs exhibited by machines 1 to 4 as
the scattering angle was varied. At low scattering angles there was a significant difference in
back scatter among the machines. However, at high scattering angles back scatter from different
machines became more and more comparable. Actual back scatter values for 30 and 60 degress
trajectories are illustrated in table 3.
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Table 3 Back scatter dose rate at 30 and 60 degrees trajectories
Survey

meter

30

30

30

30

30

30

30

30

30

meter

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0

kVp

9,1

8,8

7,9

5,7

4,4

3,1

1,9

0,7

0,8

kVp

19,9

18,0

9,2

6,5

5,8

4,0

3,3

1,5

1,7

Difference(μSv/hr)

10.8

9.2

1.3

0.8

1.4

0.9

1.4

0.8

0.9

Survey

meter

60

60

60

60

60

60

60

60

60

meter

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0

kVp

8,7

7,7

6,1

5,3

3,9

2,5

1,6

0,8

0,5

kVp

20,1

10,0

5,4

5,1

4,9

3,8

3,0

2,5

1,4

11.4

2.3

-0.7

-0.2

1.0

1.3

1.4

1.7

0.9

angle/degrees
Survey
distance/m
Low
average(μSv/hr)
High
average(μSv/hr)

angle/degrees
Survey
distance/m
Low
average(μSv/hr)
High
average(μSv/hr)
Difference(μSv/hr)

DISCUSSION
The observed decrease in back scattered radiation dose rate for all machines with distance from
the centre of the Bucky was consistent with the concept of radiation protection by distance
(NDT, 2014; IAEA, 2004) which is commonly known as Newton’s Inverse Square Law.
Compton scattered x-ray photons had an equal chance to travel in any direction around the
phantom and, logically, a higher dose rate was expected in the forward direction than for back
scatter direction. This implied that a photon was as likely to scatter at the investigated angles
as was in all other directions. The observed variances in dose rate for machine 1 to 4 were
suggestive of strong exogenous factors such as a variance in quality control and optimisation
of exposures for the research sites (IAEA, 2010; IAEA, 2008). This may suggest gaps in the
design or installation of machines and gaps in the design and implementation of quality control
programmes. These were not investigated in this study. A significant decrease in dose rate was
noted for all machines at the angle of 90degrees at the same distances. This decrease was
consistent with a study by Sprawl (2014). Drawing from this researcher and results of this
study, there was evidence that dose rate was dependent on the trajectory. Some directions
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systematically experienced greater frequency of scattered radiation. Literature (Sprawl, 2014),
explains that at 90degrees to primary beam the scatter is at the range of one half and one third
of that in forward direction. It is not surprising then that least scatter was experienced at right
angles to the bucky surface. The results show an increase in the scattered radiation dose rate
with change from low kVp to high kVp. This result is consistent with a publication by Upstate
Medical University (UMU, 2014) where it states that there is an increase in scattered radiation
dose with increase in kVp. However even though scattered radiation dose rate increases with
high kVp, the radiation is below that recommended by ICRP as maximum permissible dose per
year of 50mSv/year (ICRP, 2005). This yearly dose rate below which no health risks are
expected translates to 25μSv/hr. However, calculations based on frequency of chest
radiography showed that although the observed radiation dose rate increased for all
measurements per hour these measurements were all below 25μSv/hr.
CONCLUSIONS
It can be inferred that positions at 90degrees were the safest while those at 30degrees were the
riskiest. Aiding staff should stand at right angles to direction of primary beam and as far as
possible in-order to receive the least dose for both techniques. Dose rate variances across
machines suggest that adherence to optimisation of exposures must be brought to account
across the participating departments.
RECOMMENDATIONS
Variance of dose rate from one x-ray machine to another as well as with change in the trajectort
was practically demonstrated in this study. The potential uses of this research outcome are
threefold. Firstly, from a theoretical perspective, this study contributes to radiological sciences
by quantifying variances in dose rates across x-ray machines as it impacts on optimisation of
exposures. This study can be used as a reference model for further research in quantifying
variances in dose rates across all available x-ray machines in order to inform policy on the
selection of machines. Secondly, from a methodological perspective, this study contributes to
radiation protection by outlining protocols leading to data that is necessary for self testing of
optimisation compliance. To our knowledge, this is the first attempt to present a pragmatic test
to quantify these variances. A plus for this approach lies in its ability to acknowledge that
widely reported optimisation of exposures are mainly but not limited to the exclusion of design
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and installation stages. With regard to the practical standpoint, a holistic approach to
optimisation of exposures must encompass both stages.
This study is only at the explorative stage and is therefore, subject to certain limitations outlined
henceforth. First of all, only four x-ray machines/departments out of a nationwide population
of machines were studied. Inclusion of multiple departments may improve accuracy and
reliability. The quality of the analysis can be improved towards generalisability by
extrapolation to global levels. However, the demonstration of the relationship between dose
rate and distance while comparing results across machines was an intriguing research outcome.
Further study is recommended to explain the initial dispersion of the graphs. Linking these
finding to quality assuance protocols for individual research sites may unveil important
inferences which notably have been recommended by previous researchers.
This study was approved by NUST and Research Sites ethics boards (RRBs) as well as Medical
Research Council of Zimbabwe (MRCZ).
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ABSTRACT
Intracranial Volume (ICV) is used in neuroimaging studies to predict premorbid brain size
when estimating brain atrophy associated with neurodegenerative diseases. However, inner
skull table thickening negatively impacts on the accuracy of these estimates. Identified
protocols for calculating ICV do not compensate for inner skull table thickening, are rather
complex or are time consuming. The objective of this study was to investigate how much
variance in ICV could be accounted for by Inner Skull Table Thickness (ISTT) in order to
establish a less complex and less time consuming model for estimating ICV. Measurements of
ISTT were obtained using Computed Tomography (CT) followed by regressive modeling of
ICV. The observed ISTTs accounted for 80% variance in ICV meaning that the proposed model
compared well with observation. A sample drawn from a wider population is recommended for
the refinement of this less complex and less time consuming protocol.
Key Words: Intracranial Volume, Neuroimaging, Premorbid Brain size, Inner Skull Table
Thickness, Regressive modeling
1. INTRODUCTION
Cranial bones are categorised as flat bones and can be identified by their layered bone structure.
Cancellous bone layer (diploe) is sandwiched between layers of dense cortical bone (cortex).
These cortical layers are identified as the inner and outer tables of the skull (Saladin, 2007). It
has been suggested that brain growth drives skull growth during childhood (Knutson et al.,
2001, Shiobhon et al., 2010). At the age of 16–20, the ICV reaches its final size and it is thought
that it does not change its size thereafter (Knutson et al., 2001, Wolf et al., 2003; Wardlaw et
al., 2011). Contrary to these studies, it has also been established that there exists some
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physiologic bony overgrowths located on the inner aspect of the frontal bone (Talarico et al.,
2008).
There is also some literature evidence that associates Alzheimer’s disease (AD) with
characteristic patterns of neuro-pathological spread in the brain (Szymański et al., 2010). The
same author adds that disease progression is usually accompanied by regional atrophy that can
be detected noninvasively using quantitative structural neuroimaging such as Magnetic
Resonance Imaging (MRI) and Computed Tomography (CT) (Szymański et al., 2010).
Identification of Preclinical Phase of Alzheimer's disease (PCAD) that is distinct from
cognitive changes in healthy aging patients continues to be a major research focus. In this
regard, the solution to the problem of differentiating between healthy ageing and pathologic
ageing may be based on a combination of neuropsychological and neuroimaging
methodologies. Intriguing lessons drawn from this literature are that: ICV has been successfully
utilised as an independent voxel based morphometric feature to evaluate age-related changes
in the structure of premorbid brain, to determine characterising atrophy patterns in subjects
with Mild Cognitive Impairment (MCI), to delineate structural abnormalities in White Matter
(WM) in schizophrenia, in epilepsy, and to gauge cognitive efficacy (McDaniel, 2005; Deary
et al., 2007; Sahin et al., 2007; Skoog et al., 2011; Malone et al. 2015). All these underscore
the need for accurate ICV measurements.
Drawing from Mathalone et al. (1993), Deary et al. (2007) and Malone et al. (2015), it can be
concluded that variations in head size impact on variability in brain volume which in turn is
measured by ICV. The practical importance of ICV is that it can account for some brain volume
differences among classes of individuals (Barnes et al., 2010; Perlaki et al., 2014; Whitwell et
al., 2001). Intriguing evidence from literature is that modelling the variability of ICV can
increase confidence in estimated brain volume (Barnes et al., 2010; Peelle et al., 2012;
Nordenskjöld et al., 2013; Westman et al., 2013). However, while there is overwhelming
evidence of accurate ICV estimates from volumetric MRI by manual delineation of the cranial
vault (Whitwell et al., 2001); the availability of MRI versus CT machines in developing
countries poses an obvious limitation to this protocol. Furthermore, the MRI protocol requires
relatively more skilled operators than CT protocol, introduces intra and inter observer
variability and is labour-intensive (Malone et al. 2015). While both the CT and the MRI manual
measurement of the covariate is rather an additional burden as opposed to the convenience of
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rapid, reproducible and automatic estimation of ICV, it has been recommended that
automatically derived estimates are less useful than manual estimates if they are more errorprone (Malone et al. 2015). In this regard, Nordenskjöld et al. (2013) compared FreeSurfer
version 5.1.0 by Dale et al., (1999) and Statistical Parametric Mapping version 8 (SPM8) by
Ashburner and Friston (2005) on T1-weighted MRI against manual ICV on PD-weighted MRI
using 399 elderly subjects. While good correlation was observed on this study, significant
systematic errors were confirmed for both automatic methods compared to manual
segmentation (SPM8 overestimating ICV by 20.86% and FreeSurfer overestimating by 5.87%).
In this regard, merits of alternative residual[isation] and proportion methods have been debated
(Sanfilipo et al., 2004, Arndt et al., 1991) in which it is recommended that other methods such
as regression analysis may yield more appropriate measurements. Consistent with this
observation, Barnes et al. (2010) regressed logarithmically transformed regional volumes
against log(ICV) and the results were visibly against the use of the aforementioned proportion
method. Overall, the strengths and weaknesses of above protocols, reveals the greater
flexibility of the regressive model and therefore recommend it as the first choice to consider
for this study.
2. OBJECTIVE
The objective of this research was to develop a regressive predictive model for Intra Cranial
Volume (ICV) based on regional Inner Skull Table Thickenesses (ISTT). In this model, ICV
was the criterion variable while regional ISTT measurements were predictor variables.
3. METHODOLOGY
The methodology was guided by strict confidentiality and anonymity as required by
international research ethics standards. Research sites were purposively chosen based on their
good archiving system. Data was obtained cross sectionally through a retrospective document
review of CT head or brain images. These were conveniently available from RadSpar and
PACS. Every effort was made to ensure completeness of the data but being a retrospective
document review; pockets of incomplete data were inevitably encountered. This was because
the researchers had no control over the completeness of the documented information in the
departments, but were in a capacity to bring to bear new insights through measurement,
presentation and interpretation of the observed and collected data. Three Toshiba Activion 16759

slice CT machines were available at the sites from which approval was obtained. These were
used to obtain the measurements. The study images were proportionately quota sampled from
the participating imaging centers during the data collection time horizon. The sample size for
this study was calculated from a formula in literature (Tabachnick & Fidell., 2007). The ratio
of men to women was approximately 1:1 in order to balance the proportional and dimorphism
presentation for each age group. The participants were not supposed to have bone involving
tumors, have skull deformations or fractures (Non Traumatic), have been involved in RTA or
have a history of previous head surgeries.
The required stored images were auto-loaded to the Multi-planar Reconstruction interface to
obtain the required measurements. The measurement process involved linear measurements of
the inner skull table from the images of selected patients using a refined protocol for standard
measuring as described in literature (Waterva et al., 2012; Treece et al., 2010; Treece et al.,
2012). Sampled locations were carefully selected with the aid of two CT experts such that they
were contained within the bounds of each bone. Commonly utilised homologous landmarks
were used for each of the subjects to accurately compare thickness measurements throughout
different skulls (Waterva et al., 2012; Treece et al., 2010; Treece et al., 2012). Measurements
were initiated at the skull surface on the outer border of the inner skull table and the determined
end locations were set inside the skull with the resultant length indicated as Set Length (SL)
(Treece et al., 2010; Treece et al., 2012) as shown in Figure 1. Then the end of the Set Length
(SL) at the outer border of the inner skull table was adjusted so that it rested on the inner border
of the inner skull table with the resultant length indicated as Adjusted Length (AL) as shown
in Figure 2. Therefore, the ISTT measurement (in millimeters) was the difference between the
Set Length (SL) and Adjusted Length (AL). The average of the nearest three subject regional
thickness measurements to each homologous landmark was used as the smoothed thickness at
that respective location/region for example, the frontal region.
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Figure 1 Sample ISTT measurements starting from the outer margin/contour

Fig 2: ISTT measurements starting from the inner margin/contour. The samples from the
occipital bone were harvested along the mid-sagittal plane at the occipital protuberance as well
as near the foramen magnum (see Figure 1 and Figure 2).
Thicknesses of the frontal, parietal and occipital regions of the skull were measured using the
Multi-Planar Reconstruction interface in the median sagittal plane. These were set at 20mm
and 30 mm to the left and right of the plane. This was done on at least three different heights
per region under magnification to avoid measuring errors. In addition, inner skull table
thicknesses of the temporal bone were measured at the squamous region in the coronal plane.
Thickness of the inner table of the frontal base was measured in a sagittal plane at the supraorbital level along the median line (see Figure 1 and Figure 2); at the level of the orbital apex
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(30mm left and right) and at the level of supra-orbital along the Para-sagittal line 20mm left
and right.
It has been suggested that decreasing the slice thickness to less than 10 mm may decrease the
under projection effect of sectioned structures and that this may result in a smaller degree of
underestimation (Sahin & Ergur, 2006). Drawing from this literature, the thickness of CT slices
used in this study was 10mm and, coincidentally, this was the thickness that was commonly
used for brain studies at the research sites. Consistent with this literature, the use of systematic
random sampling decreased the number of examined slices, the required time period for pointcounting and delineation process. These stereological methods (point-counting and planimetry)
formed the impetus of the determination of ICV on CT images. Cross sectional area was
manually delineated using a computer mouse on axial images at three different levels: supraorbital (superior slice), mid –orbital (median slice) and infra-orbital (inferior slice) including
and excluding inner skull table thickness so as to quantify its effect on ICV. The measurements
were done on multiple reconstruction interfaces with the sagittal view used to locate the
required landmarks on the axial images. IBM SPSS (version 22.0) program was used for
missing value analysis (MVA), multiple imputations, descriptive and inferential statistical
analysis. Preliminary analysis was performed to rule out any significant violations of the
assumptions of normality, linearity and homoscedasticity.
4. RESULTS
Regional Inner Skull Table Thickness (ISTT) statistics for the 60-74 years age group patients
categorized by gender was established. With respect to females, the central tendency ISTT
measurements were 2.4 +/- 0.1mm (frontal), 2.46 +/- 0.09mm (occipital), 2.2 +/- 0.1mm
(parietal) and 1.51 +/- 0.07mm (temporal). The frontal, occipital and parietal ISTTs were within
error margins of each other while the temporal ISTT was not. With respect to males, the central
tendency ISTT measurements were 2.1 +/- 0.1mm (frontal), 2.3 +/- 0.1mm (occipital), 1.8 +/0.2mm (parietal) and 1.30 +/- 0.09mm (temporal). There was no meaningful overall overlap in
these observed values. The influence of age and sex on inner skull table thickness (ISTT) was
assessed with the use of clustered column graphs. Mean ISTT values were found to be
significantly higher (p>0.05) in female patients compared with their male counterparts for all
the outcome parameters which were included in the study. In comparison to male mean values,
the female mean values were approximately 16.4 % greater at the frontal region, 7.3 % greater
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at the occipital region, 18.8 % greater at the parietal region and 16.0 % greater at the temporal
region. The mean observed ICVs for females and males were 12200 +/- 200 mm³ and 13800
+/- 200 mm³ respectively. The two values fell outside the error margins of each other. However,
expected values for both sexes fell within the error margins of these respective values.
There was an observed positive moderate correlation between ICV for males with age (r=0.56).
There was however no meaningful correlation with age observed for the female category
(r=0.28). Consistent with expectation, predictor variables (regional ISTTs) showed negative
correlation with ICV, the strongest being frontal (r= -0.32) for females and parietal (r= - 0.749)
for males. Overall, there were strong negative correlations of average intracranial volume
(ICV) and regional inner skull table thickness (ISTT) for males. The order in terms of
increasing magnitude was, temporal region (r = -0.66), frontal region (r = -0.71), occipital
region (r = -0.71) and parietal region (r = -0.75). On the other hand, for females, there were
weak positive correlations at the parietal region (r = 0.12), occipital region (r = 0.21) and a
weak negative correlation at the temporal region (r = -0.29). For the parietal region, there was
the strongest correlation (r = -0.75) of ISTT and ICV for males and on the contrary, the weakest
correlation (r = 0.12) of ISTT and ICV for females. Figure 3 is an illustration of the distribution
of the observed ISTT measurements for the female population.

Fig. 3 Observed regional ISTTs for the female sample
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Fig. 4 Observed regional ISTTs for the male sample.
Figure 4 is an illustration of the observed ISTT measurements for the male population. In order
to model the criterion variable, preliminary analysis was performed to rule out any significant
violations of the assumptions of normality, linearity and homoscedasticity. Multiple regression
modelling was done to predict ICV from regional ISTTs. Modelling of the criterion variable
from the predictor variables (Regional ISTTs) involved identification of model parameters
from the statistical tool output. Model parameters that were identified were drawn into
equations 2 and 3.
Equation 2 (Females):
ICVpredicted=11389.505-(1196.244×MF)-(3339.261×MT)+(342.912×MP)+ (3237.812×MO)
Equation 3 (Males):
ICVpredicted=14406.903-(301.476×MF)-(543.576×MT)-(853.275×MP)+(991.271×MO).
These ISTTs statistically significantly predicted female ICV, F(4, 10) = 8.287, p< .05, R2 =
0.768; and with respect to males F (4, 10) = 3.835, p< 0.05, R2 = 0.605. All three variables
added statistically significantly to the prediction, p< .05. The coefficients of determination were
respectively 0.768 and 0.605 which meant that the model accounted for 76.8% and 60.5%
(respectively) of the variance in ICVs that were observed. This was enough statistical evidence
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to conclude that the regression analysis model did a good job in predicting ICVs of the observed
patients from ISTTs. In the evaluation data, the T-value was positive meaning that the new
formulae predicted a larger value compared to the literature formula.
5. DISCUSSION
The observed insignificant negative association between ICV and age in females may best be
explained using evidence from literature (May et al., 2012, May et al., 2010, Royle et al., 2013)
which explains the impact of post-menopausal hormonal changes in women on sporadic
thickening of ISTT. Where this has been observed, the authors report that although the process
is benign, pronounced thickening may cause dural irritation and pressure atrophy thereby
reducing intracranial volume. The observed variance of ISTT and therefore, ICV suggests that
gender and age must be taken into account in order to minimise errors in assessments of
neurodegenerative disease driven by brain atrophy as well as cognitive levels modelled by
cranial volume.
Literature explains that any thickening of the inner skull table which essentially occurs with
ageing can significantly affect the measurement of ICV, estimated brain tissue loss in relation
to the cranial cavity and therefore cognitive level (Waterva et al., 2012; Treece et al., 2010;
Treece et al., 2012). Contrary to literature observations and consistent with observed
correlations, the variance in the central tendency for ICV for the female sample was relatively
smaller than for males. The literature finding of significantly greater ICV decrease in females
(8.3%) than males for (6.2%) reported in literature have been attributed to physiological
changes of the skull with age (Royle et al., 2013, Wardlaw et al., 2011). Consistent with
literature, findings in this study are also testimony to the higher order of decrease in females
(7.5%) than for males (6.5%). Drawing from literature, reduction in ICV is more pronounced
in women, who on average have more inner table skull thickening than men and this difference
in head size between men and women may distort the magnitude of ICV if not taken care of
(Royle et al., 2013, Wardlaw et al., 2011). In this study, there was a significant difference in
average ICV measurements (p < 0.025) between men and women which was reflective that
men had larger heads than women.
A value of R=0.876 for females and R=0.778 for males, in this study, indicated a good level of
combined prediction power. The coefficient of determination (R²), was the proportion of
765

variance in the dependent variable that was explained by the independent variables

(mean

frontal, mean occipital, mean parietal and mean temporal). Technically, it was the proportion
of variation that was accounted for by the regression model (SPSS, 2010). From the obtained
values of R²= 0.768 for females and R²= 0.605 for males, it was concluded that the independent
variables could explain 76.8% and 60.5% of the variability of the dependent variable (ICV) in
females and males respectively. Drawing from the derived model, the increase in ICV with the
increase in mean parietal signified the net direction of thickening or thinning (18). Consistent
with this literature (18), observed bilateral thinning of the parietal bones in females was
reflective of a condition known since the 18th century (non-progressive congenital dysplasia
of the diploe). This literature explains further that the thinning may be due to an acquired and
progressive disease associated with menopause in females.
The observed pair wise association between ICV predicted from the observed data of the
current study and ICV that was predicted by the models for both males and females was
evidence of agreement between literature and research outcomes.

The correlations for these

ICVs were r =0.876 (p<0.05) and r =0.778 (p<0.05) for females and males respectively. These
figures are also evidence of strong synchrony and therefore agreement between the two models.
Further evidence to support this assertion was drawn from inferential statistical analysis at 5%
significance level. The mean ICVpredicted and mean ICVliterature were not statistically different for
both females (p<0.025) and males (p<0.025) when compared to literature model. This
statistically insignificance level means that the New Model which draws from regional ISTTs
can be used in the prediction of ICV with comparable accuracy to the existing literature
protocol. The observed positive moderate correlation between ICV for males with age was
consistent with literature. Furthermore, the Halt model for ICV in males had a trend pattern
around a relatively constant slope over time. The model was a moderate fit for the data
(R²=0.416) and statistically significant (p >0.05). In addition, ICV in the forecasting range of
75-90 years was increasing with age. Weak ICV change observed for the female category
implied that in the time horizon, ICV remained relatively constant. In addition, the ARIMA
model for ICV in females had a low and negative value of R squared for females. This was
enough statistical evidence to conclude that there was no meaningful growth in ICV for this
category of participants which, in fact, was an insignificant decrease in ICV with age. This
could be attributed to the presence of constant post-menopausal hormonal levels even with
increasing age. This was consistent with literature (Waterva et al., 2012) which proposed that
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the effect of inner skull table thickening/thinning on ICV is most prominent at the onset of
menopause.
Predictor variables of the multiple regression model showed strong negative correlation with
ICV the strongest being frontal (r= -0.323) for females and parietal (r= - 0.749) for males. The
anti synchrony observed in this study (negative correlations) was logical because increase in
ISTT reduces ICV. The observed T-value was positive meaning that the new formulae predicted
a larger value as compared to the literature value.
6. CONCLUSSIONS
From the obtained values of R²= 0.768 for females and R²= 0.605 for males, it was concluded
that the independent variables could explain 76.8% and 60.5% of the variability of the
dependent variable (ICV) in females and males respectively. The regression analysis model
established in this study statistically significantly predicted ICV.
Eqn. 1 (Females):
ICVpredicted=11389.505-(1196.244×MF)-(3339.261×MT)+(342.912×MP)+(3237.812×MO)
Eqn. 2.(.Males):
ICVpredicted=14406.903-(301.476×MF)-(543.576×MT)-(853.275×MP)+ (991.271×MO)
In these equations MF (mean frontal), MT (mean temporal), MP (mean parietal) and MO (mean
occipital) were predictor variables for the criterion variable ICV. As an example, drawing from
the equations above, for each one millimeter increase in MF there was a decrease in ICV of
1196.244 mm³ in females and 301.476 mm³ in males. From these results, there was enough
statistical evidence to conclude that age, gender and regional variances in ISTTs are pertinent
variables in predicting Intracranial Volume (ICV).
7. RECOMMENDATIONS
A manual, pragmatic and stochastic ICV predictive model was developed. The model is
relatively less complex and less time consuming than a host of existing protocols. The potential
uses of this outcome are threefold. Firstly, from a theoretical perspective, this study contributes
to neuroimaging by identifying the different critical steps of manual estimation of ICV by CT
methods whose availability is relatively more wide spread than MRI. The adopted approach
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recognises that many researchers adopt complete case analysis yet such results face serious
challenges in terms of representativeness, accuracy and reliability. Moreover, these previous
studies cannot tell much about modelling ICV from a host of regional ISTTs. This study can be
used as a reference model for further research in modelling ICV across different populations.
Secondly, from a methodological perspective, this study contributes to mathematical modelling
by combining missing data analysis, identification and characterisation of predictor variables
and modelling ICV. To our knowledge, this is the first attempt to present these scientific steps
together for ICV prediction. A plus of this approach lies in its ability to acknowledge that
widely reported inner skull table thickening should introduce meaningful variance in regional
inner skull table thicknesses and that this has the potential to account for variances in ICV. With
regard to the practical standpoint, since much more radiography practitioners are relatively
more competent in the more available CT than MRI modality, the CT approach adopted may
need to be adopted into radiography curricular.
This study is only at the explorative stage and is therefore, subject to certain limitations outlined
henceforth. First of all, missing data analysis in this study relies on multiple imputation at the
expense of maximum likelihood approach for example. With regard to the methods, inclusion
of multiple predictor variables may improve accuracy and reliability. The quality of the analysis
can be improved by further application at various levels, such as global and national levels by
progressively applying the model across a range of varied sites and populations leading to
extrapolation of ICV predictions. Differences in Inner Skull Table Thickness (ISTT) for
individual patients as they varied with age were difficult to extrapolate from this study sample.
However, the demonstration of the relationship between ICV and ISTT was an intriguing
research outcome. Further study on a cohort of patients is recommended to explain this
possibility. Linking these finding to cognitive ability may unveil important inferences which
notably have been recommended by previous researchers. There is also uncertainty about the
generalisability to other populations. Having identified the potential scale of the problem, it is
now necessary that future research is focused in the optimisation of ICV measurements. This
may encompass establishing inter-observer agreement using a relatively large study sample
size spanning over a wide age range of a cohort group of patients.
This study was approved by NUST and Research Sites ethics boards (RRBs) as well as Medical
Research Council of Zimbabwe (MRCZ).
768

REFERENCES
1. Arndt, S., Cohen, G., Alliger, R.J., Swayze II, V.W., Andreasen, N.C., 1991. Problems
with ratio and proportion measures of imaged cerebral structures. Psychiatry Res.
Neuroimaging 40, 79–89.
2. Ashburner, J., Friston, K.J., 2005. Unified segmentation. NeuroImage 26, 839–851.
3. Barnes, J., Ridgway, G.R., Bartlett, J., Henley, S.M.D., Lehmann, M., Hobbs, N.,
Clarkson, M.J., MacManus, D.G., Ourselin, S., Fox, N.C., 2010. Head size, age and
gender adjustment in MRI studies: a necessary nuisance? NeuroImage 53, 1244–1255.
4. cognitive impairment. Brain Topogr 26, 9–23.
5. Dale, A.M., Fischl, B., Sereno, M.I., 1999. Cortical surface-based analysis: I.
Segmentation and surface reconstruction. NeuroImage 9, 179–194.
6. Deary I. J., Gow A. J., Taylor M. D., Corley J., Brett C., Wilson V., Campbell H.,
Whalley L. J., Visscher P. M., Porteous D. J. et al. 2007. The Lothian Birth Cohort
1936: a study to examine influences on cognitive ageing from age 11 to age 70 and
beyond. BMC Geriatr: 7:28.
7. Knutson B, Momenan R, Rawlings RR, Fong G. W., Hommer D. 2001. Negative
association of neuroticism with brain volume ratio in healthy humans. Biol Psychiatry
50:685–690.
8. Malone I. B , Leung K. K., Clegg S. et al. 2015. Accurate automatic estimation of total
intracranial volume: A nuisance variable with less nuisance. NeuroImage 104 (2015)
366–37
9. Malone, I.B., Cash, D., Ridgway, G.R., MacManus, D.G., Ourselin, S., Fox, N.C.,
Schott, J.M., 2013. MIRIAD — public release of a multiple time point Alzheimer's MR
imaging dataset. NeuroImage 70, 33–36.
10. Mathalon, D.H., Sullivan, E.V., Rawles, J.M., Pfefferbaum, A., 1993. Correction for
head size in brain-imaging measurements. Psychiatry Res. Neuroimaging 50, 121–139.
11. May H, Mali Y, Dar G, et al. 2012. Intracranial volume, cranial thickness, and
hyperostosis frontalis interna in the elderly. Am J Hum Biol 24, 812–819.
12. May H., Peled N., Dar G., Abbas J., Medlej B., and Masharawi Y. 2010. Hyperostosis
frontalis interna and androgen suppression. Anat Rec.; 239:1333–1336.

769

13. McDaniel M. A. 2005. Big-brained people are smarter: A meta-analysis of the
relationship between in vivo brain volume and intelligence. Intelligence: 33(4):337346.
14. Nordenskjöld, R., Malmberg, F., Larsson, E.-M., Simmons, A., Brooks, S.J., Lind, L.,
Ahlström, H., Johansson, L., Kullberg, J., 2013. Intracranial volume estimated with
commonly used methods could introduce bias in studies including brain volume
measurements. NeuroImage 83, 355–360.
15. Peelle, J.E., Cusack, R., Henson, R.N.A., 2012. Adjusting for global effects in voxelbased morphometry: gray matter decline in normal aging. NeuroImage 60, 1503–1516.
16. Perlaki, G., Orsi, G., Plozer, E., Altbacker, A., Darnai, G., Nagy, S.A., Horvath, R.,
Toth, A., Kovacs, N., Bogner, P., Schwarcz, A., Janszky, J., 2014. Are there any gender
differences in the hippocampus volume after head-size correction? A volumetric and
voxelbased morphometric study. Neurosci. Lett.
17. Royle NA, Hernandez MC, Maniega SM, et al. 2013. Influence of thickening of the
inner skull table on intracranial volume measurement in older people. Magn Reson
Imaging 31, 918–92.
18. Sahin B, Ergur H. 2006. Assessment of the optimum section thickness for the
estimation of liver volume using magnetic resonance images: A stereological gold
standard study. Eur J Radiol 57:96–101.
19. Sahin B., Acer N., Sonmez O.F., Emirzeoglu M., Basaloglu H., Uzun A. 2007.
Comparison of four methods for the estimation of intracranial volume: a gold standard
study. Clin Anat; 20:766–773.
20. Saladin, K. S. 2007. Anatomy & Physiology: The Unity of Form and Function,
McGraw-Hill Companies.
21. Sanfilipo, M.P., Benedict, R.H.B., Zivadinov, R., Bakshi, R., 2004. Correction for
intracranial volume in analysis ofwhole brain atrophy inmultiple sclerosis: the
proportion vs. residual method. NeuroImage 22, 1732–1743.
22. Shiobhon Yiu Luk et al., 2010 The Pan African Medical Journal - ISSN 1937-8688
23. Skoog I., Olesen P., Blennow K., Palmertz B., Johnson S., Bigler E. 2011. Head size
may modify the impact of white matter lesions on dementia. Neurobiol Aging:
33(7):1186-1193.

770

24. Szymański P., Markowicz M., Janik A., Ciesielski M., Elżbieta Olasik M. 2010.
Neuroimaging diagnosis in neurodegenerative diseases, Nuclear Medicine Review Vol.
13, No. 1, pp. 23–31
25. Tabachnick and Fidell. 2007. Sample size for Regression Analysis.
26. Talarico E. F., Jr, Prather AD, Hardt K. D. 2008. A case of extensive hyperostosis
frontalis interna in an 87-year-old female human cadaver. Clin Anat 21:259–268.
27. Treece, G. M., Gee, A. H., Mayhew, P. M. and Poole, K. E. 2010. "High resolution
cortical bone thickness measurement from clinical CT data." Med Image Anal 14(3):
276-90.
28. Treece, G. M., Poole, K. E. S. and Gee, A. H. 2012. "Imaging the femoral cortex:
Thickness, density and mass from clinical CT." Medical Image Analysis 16(5): 952965.
29. Wardlaw J.M., Bastin M.E., Valdés Hernández M.C., Maniega S.M., Royle N.A.,
Morris Z. 2011. Brain ageing, cognition in youth and old age, and vascular disease in
the Lothian Birth Cohort 1936: rationale, design and methodology of the imaging
protocol. Int J Stroke. 6(6):547–559.
30. Waterva J.J., van Dongena T.M., Stokroosa R.J., De Bondtb B.-J., Chenaultb M.N., and
Mannia J.J. 2012. Imaging Features and Progression of Hyperostosis Cranialis Interna,
AJNR, 33: 453-461
31. Westman, E., Aguilar, C., Muehlboeck, J.-S., Simmons, A., 2013. Regional magnetic
resonance imaging measures for multivariate analysis in Alzheimer’s disease and mild
32. Whitwell, J.L., Crum, W.R., Watt, H.C., Fox, N.C., 2001. Normalization of cerebral
volumes by use of intracranial volume: implications for longitudinal quantitative MR
imaging. American Journal of Neuroradiol. 22, 1483–1489.
33. Wolf H., Kruggel F., Hensel A., Wahlund L. O., Arendt T., Gertz H. J. 2003. The
relationship between head size and intracranial volume in elderly subjects. Brain Res
973:74–80.

771

56. Ultrasound Transmission Gel: A Common Vehicle of Infection Transmission?
Mukwada Politeb, Sibanda Lidionbc,Mthethwa Nqobilea, Nleya Sindisob andChabata
T.Valentineb
a
b

Baines Imaging Group, Mutare, Zimbabwe.

National University of Science and Technology,Bulawayo, Zimbabwe.
c

Cape Peninsula University of Technology, Cape Town, South Africa.

Contact: pmukwadamudumo@gmail.com 00263 9282842 ext. 2282
ABSTRACT
Ultrasound Transmission Gel (UTG) can be sold inlarge containers that require decanting into
smaller containers. Many researchers have identified bacteria such aspseudomonas aeruginosa,
escherilia coli and staphylococcus aureus in association with the handling processes during
decanting. No such research was identified inZimbabwe. The objective of this study was to
evaluate the handling processes of the gel in order to establish the likely hood of UTGbeing a
common vehicle for transmitting the aforementioned nosocomial infections. A combination of
observational and experimentalapproaches was used to collect data. No documented policy in
the handling of ultrasound gel was observed and non-clinical staff would decant the gel into
smaller containers. There were no documented cases of skin reactions at the research sites.
However, the observed protocols werecontrary to the promotion and maintenance of good
health. Follow up research on the patients that were examined at the research sites is
recommended.
Key Words: Ultrasound Transmission Gel; Nosocomial infections; Quality control; Infection
control; Decanting process.
1. INTRODUCTION
Ultrasound imaging involves propagation of sound waves into tissue. Due to differential
interactions at different interfaces along the beam, different organs can be visualized upon
interpretation of the echo signals. Ultrasound Transmission Gel (USTG) is used to minimize
unwanted interactions at the interface between the probe and the skin surface which are due to
a big difference in acoustic impedances of the two(Hoyer et al., 2016).
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Ultrasound gel is a non-allergenic water based compound.In its composition there is an
antimicrobial agent giving the gel its bacteriostatic property that is aimed at preventing
bacterial growth during storage. However, the antimicrobial does not kill bacteria or stop its
transfer from one patient to another (Oleszkowicz et al., 2012). It has also been reported that
bacteria can survive in the gel(Ohara et al., 1998). Where parabens are used as preservatives,
their bacteriostatic capabilities are compromised by organisms that degrade them creating an
environment of proliferation of the bacteria (Hanadi et al., 2016), rendering the ultrasound gel
capable to be a vehicle for infection transmission(Oleszkowicz et al., 2012; Gaillot et al., 1998).
Ultrasound gel isusually sold in a variety of receptacles ranging from small compact containers
capable of servicing 20 patients to large containers that require decanting into smaller
containers. It has been reported that the decanting process presents infection control risk to
bacteria such as pseudomonas aeruginosa, escherilia coli and staphylococcus aureus have been
identified (Provenzano et al., 2013; Chittick et al., 2012).The aforementioned authors report
that wiping dispensers with alcohol swabs on the cap, nozzle and outside before refilling has
been shown to be an effective infection control measure.Cross infection from dirty refillable
bottles, warming of gels in uncapped containers for prolonged periods of time and using nonsterile gels in invasive procedures can enhance proliferation of bacteria (Hanadi et al.,
2016).Dirty smudges combined with the gel on the outside particularly around the rim opening
had been noted at the research sites and this could be an indicator that foreign substances can
enterthe ultrasound gel.
Some authors have identified the ultrasound gel to be a possible vehicle for infection resulting
nosocomial infections(Oleszkowicz et al., 2012; Gaillot et al., 1998). Nosocomial infections
result in long hospital stay and extra medical care cost to patients (Sheng et al., 2005). Cross
infection from the use of USTG is considered as nosocomial infection as the patient would
have gotten the infection from the hospital. However, no national established protocols in the
handling of ultrasound gel were identified for Zimbabwe nor were they identified at theresearch
sites.This study seeks to assess how the USTG is being handled t the research sites in the
absence of these guidelines. Based on this background information, it would appear that
research aimed at giving evidence regards compliance to this infection control has remained
evasive to local researchers.
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Elsewhere, guidelines exist (Oleszkowicz et al., 2012; Sykes et al., 2006)thatadvocate for a
number of measures, among them single use containers.These guidelines formed the impetus
of instrument development. This was important in order to further the creation of a safe clinical
environment for patients by ensuring reduced hospital based infections. Reduced infection
levels will ultimately benefit both the health budget and the patients.
2. OBJECTIVE
The objective of this study was to evaluate handling processes of the gel in order to establish
the likelihood of it being a common vehicle for transmitting bacteria.
3. METHODOLOGY
This study was conducted infive ultrasound departments in Mutare, Zimbabwe.A survey
questionnaire and microbiological analysis were employed to get the data. The observation
approacheswas employed to establish behavioural patterns of staff(Hoyer et al., 2016)as they
stored, handled, decanted the ultrasound gel. Specifically, the outcome measure for the survey
approach was compliance levels with infection control guidelines advocated in literature
(Oleszkowicz et al., 2012; Sykes et al, 2006). A longitudinal approach was used with
observations and sample collection being done throughout the USTGusage that is, before
opening of the big container (control), opened in storage (OIS) and during use.Questionnaires,
were administered to all participating radiologydepartments practice managers and
sonographers.
The microbiological experimental laboratory approach was usedto determine any amounts and
type of pathogens in the samples collected.Samples were collected at three stages i.e. control,
OIS and in-use. Strict infection control measures by the researcher involved wearing sterile
gloves, use of moistened dry swab to collect sterile saline samples and keeping samples under
sterile conditions. Gelsamples collected at different stages of use were labeled with dates
referenced to the date for the control. For statistical validity multiple samples of USTG were
used for each stage and the central tendency calculated. Consistent with longitudinal approach,
gel samples were followed up throughout their usage. A local private clinical laboratory
analysed all the samples. Microbial analysis was used to determine antibacterial properties with
respect to their inhibitory effects to 2 common pathogenic organisms,Escheriliacoli(gram –ve)
and Staphylococcusaureus(gram +ve); with a second set of tests being done todetermine levels
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of any bacteria in the gel by culturing directly and in highly nutritious non-selective media
designed to support growth of the most commonly encountered bacteria and fungi. Direct
culturing assessed the degree of contamination in the gel while enriched culture allowed for
the determination of any small numbers of organisms present.
5. RESULTS
Description of ultrasound suites from which data was collected is given in table 1. In the list of
research sites, public, semi public and private suites were represented. Demographics are as
shown in the table.
Table 1: Description of the data collection sites
Type

B
Private (company)

Setup
Bedside
sonography
Sonographers
Source of ustg

Stand alone
NO

Scope

Transabdominal,
orbits, MSK

2
Private suppliers

G
Private
(individual)
Stand alone
NO

J
Mission
hospital
Hospital
YES

M
Provincial
hospital
Hospital
YES

1
Private
suppliers
Transabdominal

1
Hospital
pharmacy
transabdomina
l

2
Hospital
pharmacy
Transabdominal,
biopsy, MSK

Table 2: Demographics of patient numbers and selected vulnerable groups
B
AUGUST
388
SEPTEMBER
434
TOTAL # of patients
822
NEONATES
2(0.2%)
ISD
105(12.8%)
CHEMO/RADIOTHERAPY 3(0.4%)
OPEN/DISRUPTED SKIN
7(0.8%)
TOTAL # of vulnerable 117
groups
%age of vulnerable groups
14.2

G
456
350
806
1(0.1%)
52 (6.4%)
0
16(2.0%)
69

J
60
75
135
0
13(9.6%)
0
2(1.5%)
15

M
430
445
875
15(1.7%)
103(11.8%)
5(0.6%)
35(4%)
158

8.5

11.1

18.0
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There was no observed evidence of any guidelines across the research sites as to how the
decanting process was to be done especially in respect of infection control guidelines. However,
based on internationally accepted guidelines compliance levels are as shown in table 3.
Table 3: Compliance to infection control guidelines in the use of USTG
1STBefore intervention

B

G

J

M

Total number compliant

4

4

1

2

%age compliance

22.2

22.2

5.6

11.1

1st intervention
Total number compliant

12

12

9

5

%age compliance

66.7

66.7

50

27.8

2nd intervention
Total number compliant

17

15

17

13

%age compliance

94.4

83.3

94.4

72.2

There were also no documented reactions on patients on all observed research sites. None of
the observed departments were 100% compliant to the recommended protocol. Observed
compliance levels ranged from 0-21%. Specifically, all observed departments were noncompliant in method of decanting, condition of decanting equipment, labeling of newly refilled
bottles, discarding of unused gel after a month, method of gel application, method of cleaning
dispensing nozzle and use of gel for droplet or contact isolation patients. Three departments
(60%) were warming the gel, adhered to stock rotation protocols and observed expiry dates
protocols. Two departments (40%) adhered to the duration the small bottles were kept. One
department (20%) adhered to the correct cleaning method. Observed participants had
experience in ultrasound imaging ranging from 1 to 16years. In all the departments the staff
saidthey hadgeneral infection control protocols and training, however there were no specific
infection control protocols and training on ultrasound gel use and handling.Those samples that
were cultured for Staphylococcusaureusbacteria, from the control samples, had no bacteria
detected in them. In 22.2% of the opened-in-storage samples, the aforementioned bacteria were
detected and in 66.7% of in-use samples the same bacteria was detected.
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6. DISCUSSION
The potential of USTG to transmit infection is a real challenge requiring prudent adoption of
infection control protocols by health workers (Hoyer et al., 2016; Sykes et al., 2006; Sherman,
2016). Demographics of the participants in the study showed that even though there were
general clinical infection control protocols in all the ultrasound suites there was none that was
specific to the use and storage of USTG. However, with the general clinical infection control
protocol in place, this should have been reflected in the way they handle the USTG. Even
though the staff members said they have never seen/heard of skin reactions on patients, follow
up research on the patientsthat were examines at the research sitemay be beneficial.
It is important that staff is continuously updated on infection control issues as non-adherence
to infection control protocols puts both the staff and patients at risk(Raynaldo, 2008). Education
of sonographers and practice managers and awareness of infection control guidelines as to the
use of USTG if implemented is likely to decrease bacterial contamination rates and
subsequently the transmission (Raynaldo, 2008).
This study was limited toStaphylococcus aureusbacteria but other types of bacteria(Hanadi et
al., 2016)have been reported in USTG elsewhere. Follow up research on patients that were
examined at the research sites may reveal statistical data on any infection transmission
reactions.
7. CONCLUSSIONS
Observed infection control practices associated with the use of USTG across participating
departments were contrary to the promotion and maintenance of good health. Infection control
was compromised resulting in high (66.7%) risk for infection transmission thereby rendering
USTG a common vehicle for infection transmission.
8. RECOMMENDATIONS
The level of bacteria increased with decanting and subsequent use meaning that departments
should get their gel in smaller bottles since there was no contamination from the manufacturer
contrary to other studies (Chittick et al., 2012; Sherman, 2016) where it was found that the gel
was contaminated from the manufacturers.

Further investigations may be warranted to

ascertain the microbial status of the gel. The bottles used for decanting should be cleaned and
dried and adhering to infection control protocols during decanting is essential alternatively
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single use containers are recommended. Stock rotation is of importance as use of expired gel
increases the risk of contamination. Departments should invest in training of staff in infection
control practices and enforce adherence to the set protocols.Single use containers should be
used or alternatively the refill bottles should be properly cleaned before reuse.Follow up
research on the patients that were examined at the research sites is recommended.Periodic
microbiological analysis will play a significant role in surveillance.
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ABSTRACT
Diagnostic radiography is an essentially visual method of extracting anatomical and
physiological information from a patient. The subsequent interpretation of this information
enables corrective measures to be prescribed from an informed point of view. In radiographic
examinations, a collimated x-ray beam penetrates through a patient. These exposures to
ionising radiation must be regulated for they are harmful to the human body. Currently,
imported dosimeters are used to monitor the amount of radiation. Therefore local solutions that
are cost effective are required to monitor diagnostic, occupational and population exposures. .
The main thrust of this study was to design a cost effective semiconductor x-ray detector. An
economical and sustainable x-ray receptor was successfully assembled from locally available
resources. The observed response to exposures as well as achieved cost effectiveness was
enough evidence to recommend the development of the unit into a wide range of dosimetry and
x-ray imaging applications.
Key Words: Transducer; Semiconductor; Silicon; Dosimetry; photovoltaic action
1.0 BACKGROUND
Inadequate and inappropriate diagnostic equipment compromises advancement of good health.
The use of ionising radiation is a vital component of radiology although ionising radiation is a
well known teratogen (causes cancer) (Berlin, 2001; König, 2000). In this regard, radiation
protection and safety is an important subject in radiology. Dating back to the eighties, many
researchers have been focusing their attention on the measurement of ionising radiation dose
(Attix, 1986; Attix, 1986; IEC, 2000). It has been established that ionising radiation is difficult
to measure accurately (IAEA, 2007).To promote radiation protection and safety, research in
now more focused on radiation protection and safety in situations where accurate dose
measurements are seldom strictly required (IAEA, 2007). There is documented evidence that
in radiotherapy the accuracy of delivered dose to the tumor should be better than 5% (IAEA,
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2007). The same author reports that when it comes to diagnostic radiography, dose accuracy is
seldom better than 20%. Intriguing evidence from literature is that in diagnostic radiography
an accuracy of 50 % is generally acceptable (IAEA, 2007). Furthermore, despite low doses
involved in diagnostic radiography, it is mandatory to monitor occupational dose. There is
evidence that when doses involved in diagnostic radiography are measured, a large variation is
found for the same examination (IAEA, 2007).
There are a number of methods that have been used to measure the amount of radiation doses,
the oldest involving measuring the charge produced by the radiation (Pöyry, 2006; IAEA, 2007;
IOS, 1995). Historically, in cases where radiation flux is constant, measurement of ionisation
current has been the preferred method (IAEA, 2007). This method however gives dose rate
instead of the real amount of accumulated dose (IAEA, 2007).
In cases where the exposure time is short such as in diagnostic X-ray exposures, the ionization
charge produced is collected and measured using an integrating dosimeter (Pöyry, 2006). Using
this method involves exposing a charged capacitor to ionizing radiation thereby proportionately
discharging it (IAEA. 2007). The charge loss on the capacitor gives a measure of the radiation
exposure. In this regard, the scale indicates zero when fully charged and as it discharges, the
scale shows the remaining voltage calibrated to read directly in milliroentgen (mR). A
documented problem with these dosimeters is that of their big size (IAEA, 2007).
Dosimeters with thermo luminescence and semiconductor detectors are relatively smaller and
therefore offer a solution to the problem of size encountered in ionization dosimeters (Brenier
1998; Dewerd 1999; Meyer, 2001). Thermoluminescent dosimeters (TLD) can store the energy
for longer period of time (Zoetelief, 2000; Brenier, 1998; Meyer et al., 2001). TLDs are
gradually replacing the older measuring techniques in hospital occupational dosimetry for they
have a much larger useful range covering from background levels to lethal dose

(5 to

10 Gy). However, TLDs require expert handling thereby impacting negatively on their use in
diagnostic radiology. The small sizes of TLDs come as an advantage; however their failure to
provide real time information about exposures is a disadvantage (IAEA, 2005).
An intriguing aspect with semiconductor dosimeters is their ability to offer real time
measurements (Zoetelief, 2000; Brenier, 1998; Meyer et al., 2001). Research has identified that
the main disadvantage of semiconductor devices is that their response is energy dependent thus
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remarkably distinguishing them from that of ionization chambers (IAEA, 2005). However,
they have found many applications in routine clinical measurements.
Semiconducting detectors based on a p–n junction between the p-type and n-type parts of a
semiconductor are considered as modalities of choice in diagnostic imaging and dosimetry.
These detectors are also small in size but contrary to TLDs, they have additional advantages of
responding instantaneously to exposure (Zoetelief, 2000; Brenier, 1998 and Meyer et al., 2001).
They have additional advantages of producing large signals from modest amounts of radiation,
they are rigid and do not require pressure correction (Horowitz, 1984). In this regard they are
suitable for clinical applications.
The concept as explained in literature is that ionising radiation induces electron hole pairs on
the semiconductor device causing the junction to be conductive (Zoetelief, 2000; Brenier, 1998;
Meyer et al., 2001). Logically, the current increases with the rate of ion production and
therefore the magnitude of the signal generated depends on the ionizing properties of the
radiation, its ability to penetrate to the junction and the reaction cross section area. An important
lesson drawn from the operation of the p-n detector is that its response is energy dependent. It
is therefore, not surprising that manufacturer either use metal filters or electronics to
compensate for this energy dependence (Horowitz, 1984). In an ideal situation, ceasing
irradiation terminates ion production and the p-n junction regains its original state. However,
literature explains that when it comes to radiation therapy, repeated exposure to ionizing
radiation has a potential to cause permanent damage to the structure of the semiconductor
detector (Zoetelief, 2000; Brenier, 1998; Meyer et al., 2001). This negatively affects its
sensitivity over a period of time. Low doses used in diagnostic radiology compared to radiation
therapy coupled with an advantage of giving real time measurements makes semiconductor
detectors a sustainable technology in radiographic imaging and dosimetry. There is therefore a
gap in the applicability of this technology in accurate dosimetry.
2.0 OBJECTIVES
The objective of this research was to design and develop a silicon p-n junction x-ray detector
for use in diagnostic radiography and dosimetry.
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3.0 METHODOLOGY
An experimental design of the X-ray detector was conducted in the laboratory. The silicon
semiconductor p-n junctions used in the design were obtained from locally available power
transistors. Silicon protective seals were carefully etched off, fully exposing the wafers (active
surface area) and the electrodes to the incident radiation. The substrate steel base was carefully
cut to wafer dimensions. The dimensions of the wafers were measured using a travelling
microscope.
Figure 1 is a block diagram of the experimental design. The circuit comprises of the detector,
an electronic pre-amplifier, electronic integrator and a digital display. The electrodes of the
detector were carefully soldered onto a circuit that was developed in the laboratory using a thin
film coating equipment. The unit was encapsulated using a lead lined case, leaving only the
active area exposed to the incident radiation. Figure 1 is an illustration of the detector
components.
Incident Radiation
Detector
Electronic

Electronic

Digital Display

Figure 1: Block diagram for a silicon p-n junction detector
The silicon semiconductor p-n junction (detector) converts the optical signal into an electrical
signal while the electrical preamplifier magnifies the amplitude of the signal. The integrator
sums up the different signal portions before visually displaying it. Two detectors designed from
two different power transistors were individually calibrated by subjecting them in turns to a
line spectra series. The line spectra series were a result of dispersion on white light experiments
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conducted in the laboratory. Testing of the detectors’ response to x-rays was done in an imaging
department. A phosphor matching layer was put in intimate contact with the wafer and
responses to varied incident x-ray doses were measured. Measurements on each setting were
repeated five times to obtain a central tendency.
4.0 RESULTS
The observed mean active areas of the two power transistors A and B wafers were

5.0+/-

3 mm2 and 7.0+/-3 mm2 respectively. Consistent with its larger active surface area, the B had a
relatively higher response to exposure than A. The power transistor A was however chosen for
the study drawing from its smaller size. The collector base junction gave a photovoltaic output
of 0.45 Volts on white light exposure. Exposure to un-polarised line spectra series gave a peak
output of the order of 3.4 Volts on the red line, with the integrator capacitor set at 470 uF, the
integrator input resistor set at 4.7 kΩ, at a fixed exposure time of 10 seconds.
However, although a phosphor that gives red light would yield the best results for this study;
this phosphor was not available at the time. The subsequent measurements were done using the
available blue emitting phosphor. In order to compensate for the relatively low power output
from the blue phosphor, the amplifier gain was tuned to give a maximum output of

0.5 Volts

at 50 Kvp and 2 mAs. The gain was chosen so that results will be comparable with laboratory
measurements.
Measurements obtained using both the line spectra series and x-ray sources, gave a strong
positive linear association (r > 0.7 in both cases) between the detector output and the exposure
time. High values of exposure time were linearly associated with high values of detector output.
5.0 DISCUSSION
The dynamic nature of radiology practice has brought with it the need to appreciate that
dosimetry requires the use of specialized instrumentation. The choice of this instrumentation
and the interpretation of the output must be left to trained personnel. There is overwhelming
evidence that measurement of diagnostic radiology doses is evidently shrouded with
considerable uncertainty (Horowitz, 1984).
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Results from this research, using the blue phosphor gave evidence of a positive correlation
between exposure and detector output. This was enough statistical evidence validating the
applicability of the developed x-ray detector. However, the fact that there are varied acceptable
accuracies for specific measurement procedures calls for a clear discrimination of conditions
of applicability of the designed detector. In radiotherapy for example, an accuracy of 5% is
considered adequate while 7% is considered sufficient for assessing the potential risk of
pediatric examinations and in pregnancy (Zoetelief, 2000; Brenier, 1998; Meyer et al., 2001).
In this regard, to choose an application area, calibration of the detector against a gold standard
is of paramount importance.
The designed p-n junction detector was highly sensitive to the red spectra line emission,
meaning that red phosphor will effectively make the junction to be more sensitive to the
measurement of the incident x-rays than the blue phosphor. There was enough evidence in
literature that doses used in radiotherapy are responsible for the permanent damage to most pn junction detectors (Zoetelief, 2000; Brenier, 1998; Meyer et al., 2001). In the design
intermediate conversion of the x ray radiation between the source and the p-n junctions were
introduced to protect the detector from permanent damage, thereby increasing its life span.
Despite the plausible outcome of measurements obtained in this study, all the calibration
processes remain subject to further work and the stability of the red/blue phosphor under such
radiation doses may need further investigations.
6.0 CONCLUSSIONS
The observed strong positive association between observed dose and detector output was
enough experimental evidence to conclude that the response was consistent with expectation.
There was enough evidence that the phosphor interface efficiently converted x-rays to visible
light before they reached the p-n junction and that the p-n junction was most sensitive to the
visible red line. This was evidence that the phosphor layer improved the sensitivity and life of
the detector
7.0 RECOMMENDATIONS
Further study is recommended to characterize and calibrate the detector against a gold standard
so that units of dose can be associated with the detector output. The observed detector response
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to exposures as well as achieved cost effectiveness is enough evidence to recommend
development of the unit into a wide range of dosimetry and x-ray imaging applications.
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ABSTRACT
The paper explores the outcomes of the post 2000 land reform programme implemented in the
communal area of Umguza district. This involved the triangulation of qualitative data
collection methods to gather data from the respondents. A total of 40 famers were purposively
sampled for focus group discussions. The findings of the study revealed that there are numerous
factors that contributed to the decline in agricultural production that included limited skills
from the farmers, lack of investment on land because of tenure insecurities, sabotage from
former white commercial famers and the rise of climate change. Among the recommendations
made was that the state should consider training new farmers upon allocating land to them as
this will ensure that farmers know what to do once they are in the farms.
Key Words: Food security, land reform agricultural production
1. INTRODUCTION
The land reform that has unfolded in Zimbabwe since 2000 has resulted in a major
reconfiguration of land use and economy. Over 7 million hectares of land has been transferred
to both small-scale farm units (the A1 model) and larger scale farms (the A2 model). The land
reform has had diverse consequences, and there is no single story of what happened and its
implications. Therefore the compulsory acquisition of land for redistribution and resettlement
through the ‘Fast Track Land Reform Programme’ (FTLRP) transformed the face of agriculture
in Zimbabwe. The latter was previous bimodal comprising communal agriculture (largely
subsistence) and large scale commercial (that was driven by markets). The FTLRP resulted in
more than 80% of former large scale commercial farms (LSCF) being subdivided and
redistributed to beneficiaries including ex communal farmers (Scoones et al, (2010); Moyo et
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al (2009); Rukuni et al (2006); GoZ ,(2001).The need to address previous imbalances in land
utilisation for crop production and increase smallholder cattle production was necessary to
create room for new players in the agriculture industry and afford them an opportunity to
engage in commercial or market driven agricultural production (Action Aid, 2005).
As reported by Rukuni, (1999); Moyo et al, (2009); Mahenehene, Mavedzenge,
Murimbarimba, Scoones, and Wolmer, (2006), one reason for FTLRP was to decongest the
communal areas, provide land to the landless peasant farmers and offer them an opportunity to
rear livestock using systems that are driven by markets. This study focused on the villagised
A1 model. This scheme allocated each farmer more arable and grazing land than was the case
with the traditional communal areas (Moyo, 2004) and had a potential to also produce excess
product for markets. In the communal farming sector crop cultivation play a significant role
in the provision of income, and crops are used as a strategy for risk aversion (Barret, 1991).
Cattle on the other hand are a form of capital asset and can be used for other social functions
such as transport and payment of lobola (Zhou et al, 2013; Barret, 1991; Gono, 2005; Zikhali,
2008).
In this sector off-take to the processing value chain remains low at 5% (Sibanda, 2005).
However, agriculture has the potential of making a significant contribution to the national
economy, as indicated by the performance of the sector prior to FTLRP (World Bank, 2008).
This study was carried out in the Fast Track resettlements (A1 farms) of uMguza district in
Matabeleland North Province which are traditional cattle producing areas. The poor record
keeping by farmers negatively impacts on monitoring the indicators of agricultural production
(Muguwu, 2007).
The WFS (1996) conceptualized food security as existent when people at all levels can have
access to sufficient food. WTO (1996) further adds that food security is built on two pillars
which mainly comprise firstly of food access which denotes having sufficient resources to
obtain appropriate food for a nutritious diet at a household level, secondly food availability
which implies that sufficient quantities of food are available on a consistent basis at a national
level. Food insecurity is thus viewed as individual’s failure to access food at household level
and the limited availability of food at the national level. According to Wolford (2005) land
reform is conceptualized as the redistribution or transfer of property ownership regimes of land
from the landed class to the landless poor (USDA, 2009). The paper sought to establish
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whether the transfer of land from white commercial farmers to the black farmers has led to
household food security at household level. The purpose of the study was premised on the fact
that resettled farmers are not producing enough due to lack of farming skills and knowledge.
2. OBJECTIVES
 To show the state of agricultural productivity in Umguza district
 To show how the land reform contributed to food security at household level in
Umguza district
 To show challenges that farmers are facing in agricultural productivity in Umguza
district
3. RESEARCH METHODOLOGY
The study was done in Umguza district, Ward 9 which covers Nyamandlovu and Hilda's Kraal
of Matabeleland North Province. The study utilized a qualitative approach which was informed
by the constructivist philosophy (Dube, 2011). A qualitative approach was the most appropriate
in such a study due to the fact that it sought answers to questions by examining various sociopolitical settings and the individuals who inhabit these settings. What also made it suitable is
the fact that it attempts to understand human behaviour and institutions by getting to know the
persons involved and their values, rituals, symbols, beliefs, and emotions (Frankfort-Nachmias
and Nachmias 2000, Denzin and Lincoln 1998) and further involves an interpretive, naturalistic
approach to its subject matter. A case study design was adopted.
In gathering data the study adopted the methodological triangulation approach which included
the use of five focus group discussions with famers, key informant interviews with officers
from the agricultural extension departments as well as the use of secondary sources of data
(Altman, 2009). A total of 40 participants were purposively sampled for focus group
discussions and 5 officers from the agricultural extension department were selected as key
informants for in-depth interviews. In order to enhance validity and reliability of findings the
interview questions for the focus group discussions were reviewed by experts from the Ministry
of Agriculture, Mechanization and Irrigation Development. Themes were generated in
accordance with the questions asked.
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4. RESULTS
Sex of the Participants in the Study
Figure 1 shows the sex of participants in the study carried out in Umguza.

Sex
Male

Female

15%

85%

Figure 1 - Sex of the Participants
Eighty five percent of the participants were male and fifteen percent were female. This reflects
a 70% disparity between the males and females who benefited from the land reform program
in Umguza. The disparity should be understood within the patriarchal normative which
influences the Zimbabwean society where land is most cases was and is parceled out to male
members. Mujeyi (2010:27) alludes that FTLR was gender biased in favor of men and thus
entrenched the social class system where women will continue being subjugated to men. One
participant noted that;
“...... its difficult for me as a woman to own land, am told i have to be a spinster in order
to own land. If one owns they are not allowed to attend meeting pertaining to land..."
It can therefore be noted that there are few women who benefited from the land reform program
in Umguza district.
4.1 Livelihoods Transformation for the FTLR Farm Beneficiaries
Empirical evidence from fieldwork conducted between April 2016 and August 2016 in Umguza
indicates that differentiated groups of the urban poor and low-income earners—regardless of
political affiliation or persuasion—such as informal market traders, unemployed, lowly-paid
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industrial workers, civil servants, war veterans, pensioners were beneficiaries under the A1
model.. From Focus Group Discussion one, one participant noted that;
"..... the land reform exercise has changed their lives positively as it has led them to
accumulated wealth........."
From FGD 2, one participant noted that,
"........ i was a poor industrial worker but now i can manage to send my children to
school, eat a balanced diet.... the land reform has transformed my life.... if i
continued to work in the factory i was going to continue being someone's slave.........."
The FTLRP therefore broadened access to land to various social segments across the urban and
rural divide. The FTLRP has thus partially reversed machinations of settler colonial rule from
1890 to 1979 which sought to turn most of the peasantry into full-time industrial workers
disconnected from the land (Yeros (2002); Moyana (2002). It has reconnected some urban
based low-income earners and the urban poor with the land thereby redressing what land
policies in Zimbabwe had failed to do since 1980. As I further argue below, the FTLRP has
given them a valuable asset that goes beyond being a means with which to make a living or
build livelihoods. Land, a component of natural capital (Carney (1998); Scoones (1998; DFID
1999), has given meaning to their world and afforded them capability to act
4.2 Classes of Participants from the Fast Track Land Reform Programme
Table 1- Classes of Participants from the Fast Track Land Reform Programme
Class

Frequency

Percentage %

Industrial workers

3

8

Civil servants

23

57

War veterans

10

25

Pensioners

4

10

Total

40

100

A distinctive factor about Table 1, shows farm beneficiaries who are or were civil servants
(57%). This was followed by war veterans at 25% and workers from the industry contributed
8%. Of importance was to note that 88% of the beneficiaries lived in Bulawayo suggesting that
a new socio-economic group of urban based semi-absentee landlords was created by the FTLRP
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in Umguza district. It was noted from the study that during the planting, weeding and harvesting
season family members travelled to their farms to undertake the required agricultural work.
One participant from FGD 1 highlighted that;
"....... i do the cultivating of fields with my family and at times am helped by my
relatives.....my wish is to have a tractor but funds don't permit"
In FGD 2 another participant noted that when they are away in the city,
"...they temporarily hired unemployed young men based in Umguza popularly known
as

"abafana benkomo" (literally translated to cattle herders) as caretakers in return for a
variety of goods such as second hand clothing, shoes, trainers and blankets.

The participants noted that while a large part of the agricultural production on A1 farms is for
self-consumption, surpluses were being traded. Fresh farm products are being sold on roadsides
in the urban hinterland. In FGD 2, one participant noted that;
"....... is sell vegetables and road runners and this gives me cash to spend with my
families .... land reform has empowered me"
The importance of this marketed produce both in volume and economic value should not be
underestimated in terms of its contribution to household incomes. Living in cash-driven urban
economy permits these A1 beneficiaries with surpluses to take advantage of diverse urban
economic opportunities while also awarding them a huge competitive market place for their
produce. While that is currently the case, with improved access to sufficient farming inputs and
better farming techniques in the A1 farming areas, there is huge potential for these A1 farmers
to increase their surpluses which will not only make them raise more income but further
contribute to national food availability and security (Carter, (1999); Elmquist,(2007); Zikhali,
(2008).
The majority of participants (64%) noted that access to land has transformed their livelihoods.
Although the study realized that the participants did do not have title deeds which could
guarantee them tenure security, their access to state land gives them a livelihood resource they
can rely on in the medium to long term. This A1 farm ‘ownership’ by urban based individuals
has also expanded rural-urban and urban-rural linkages with increased flows of people, farm
inputs, farm produce and capital at different interconnected levels between urban areas and A1
farms. A participant in an interview noted that,
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“A1 farm ‘ownership’ also offers a new source of employment for urban groups such
as the unemployed, unskilled, semi-skilled and poor in search of alternative forms of
livelihood outside the urban hinterland...."
These A1 farming activities also have potential to stimulate the development and expansion of
related micro-enterprises that can generate employment and income for other people. For
example, the production of necessary agricultural inputs, the processing, packaging and
marketing of farm produce are potential spin-off enterprises that may partly owe their
continued existence and profitability to the birth of new A1 farmers. It can also be argued that
with improved transport, communication, health, educational, recreational and social
infrastructure, A1 farms can also be an attractive destination for beneficiaries considering
relocation or retiring from the city to pursue agricultural production in a rural economy
(Zikhali, 2012, Timan, 2004).
4.3 Barter Exchange
The study also noted that barter trade has become prevalent in the A1 farming communities.
Some farmers with little surpluses are bartering food produce for basic commodities and
consumables. This as a result has contributed to household food security. One participant from
FGD 1 noted that;
"......through such barter the rural A1 farmers are accessing basics that are not readily
available in their remote farming communities which lack basic social, commercial and
retail amenities....."
On the other hand, this barter trade has transformed the livelihoods of urban women
entrepreneurs who supply the basic commodities and consumables in exchange for staple food
produce. These women are not only able to access food that they transfer to the city for
household consumption, but some are retailing some of it in the city raising income for other
household expenditure (Kanyenze, 2011; HSRC, 2003).
4.4 Benefits to the Beneficiaries
The majority of participants (68%) are producing staple food crops for subsistence purposes
which they transfer to urban areas for household consumption with their urban based families.
Those who produce small surpluses are selling it in the city raising income for other household
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expenditure; some are also bartering surpluses for an assortment of basic household
commodities. The livelihoods of some women who were not direct beneficiaries of the land
reform programme have also been indirectly transformed since they are the main entrepreneurs
behind the thriving barter trade in the A1 farming communities. From FGD 2, one participant
noted that,
" ..... we cultivate maize and sorghum for subsistence........ umumbu uqakathekile
mntanami (maize is important my child)"
The social class of these beneficiaries who have had their livelihoods transformed suggests that
contrary to some widely held beliefs, it is not only politicians, powerful businessmen and elites
who benefited from the land reform programme, but, the urban working classes and poor
benefited as well. However, there are gender imbalances. There is a predominance of men in
the A1 farmers cohort suggesting that most urban female headed households’ livelihoods were
largely not transformed by the land reform programme ( Gari, 2004; ZIMVAC,2011).
4.5 Livestock Production
Table 2 - Livestock Production
Variable

Average Number Owned

Cattle

27

Sheep

2

Goats

45

Donkeys

6

Poultry

56

Table 2 shows the average number of domesticated animals by participants in Umguza. The
table shows that the farmers have an average of 27 cattle. Cattle are an important means of
livelihood in Umguza as they provide meat, milk, drought power, can be sold for buying other
assets as well as being used for paying lobola. It can be noted that livestock play an important
role in Umguza and thus their livestock contributes significantly to food security in Zimbabwe.
From FGD 1 one participant highlighted that,
"....... (inkomo yinotho.... ngithola inyama, uchago, ngilima ngazo) cattle is wealth... i
get meat, milk as well as draught power"
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4.6 Challenges faced by farmers in Umguza district
Table 3- Challenges faced by farmers in Umguza district
Challenges Faced

Percentage %

Shortage of land

7

Lack of inputs

38

Security of tenure

24

Limited skills and resources

21

Climate change

10

Total

100

Table 3 reflects the challenges faced by farmers in Umguza district. Most of the participants
noted that they experience challenges with lack of inputs (38 %) and security of tenure (24 %).
Some participants however noted, lack agricultural tools (limited skills and resources) (21 %)
and climate change 10%. From FGD 2 one participant noted that,
".....the unavailability of farming resources has thus resulted in the decline in
agricultural

production and in turn has perpetuated recurrent food insecurities that

are being experienced in the district".
Moyo (2007) states that as a result of the limitations of farming inputs, yields of soya beans
have been at a decline. Sunflower production at large scale commercial farming recorded
severe decrease of 87% in the planted area between 2002 and 2003 and the 90s average, leading
to an equal drop in its volume of output during the Fast track land reform programme (Moyo,
2007). As a result there was a shortage of cooking oil and related products on the market and
broader based food insecurity. Maguwu (2007) points out that due to the incapacitation of
commercial agriculture as a result of the land reform the country experienced a shortage of
maize meal.
Michael Roth (2006) cited in Maguwu (2007) adds that the modal group of the beneficiaries
under the fast track land reform programme were poor and lacked the farm management skills
since all they could do was venture into subsistence agriculture which could only strengthen
household food security but negatively affect food availability at national level. Maguwu
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(2007) posits that most of the new farmers were just happy to own a new farm but they did not
know what to do next nor did they have the farming equipment and skills to produce on a large
scale. Kanyenze et al (2011:99) notes that
“In the 1980’s input packs had been directed to communal and old resettlement areas
but under the fast track land reform programme they were directed towards the new
farmers in the resettled areas who ironically lacked commercial farming skills”.
4.7 Possible ways of addressing Agricultural Productivity
Table 4- Possible ways of addressing agricultural productivity
Intervention

Percentage %

Input

52

Allocate bigger plots

18

Agritex support

10

NGO's support

22

Total

100

The majority of the participants (70 %) felt they needed to be allocated bigger plots and
provided with inputs which would significantly improve productivity in agriculture. However,
some felt like they needed tillage support (10 %) from Agritext. Twenty two percent noted that
NGO intervention would improve viability of productivity. The intervention of NGOs is other
countries were noted as way of the ways to support urban agriculture, (International
Development Research Centre 2010). The results show that access to tools did not have a
significant effect on cereals produced. Though this may somehow affect the households’ ability
to till the land on time, the individual impact of access to tools on cereals produced is small
and relatively insignificant in determining the quantity of cereals produced. The impact of this
factor on cereals produced appears to be affected by other factors hence its individual
significance in explaining quantity of cereals produced is low. Increasing land is important so
as ensure that pastures for domesticated animals are guaranteed (WTO, 1996).
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5. CONCLUSION
The findings indicate that the Umguza A1 farm beneficiaries are largely producing staple food
crops in their farms and transferring this to the city for consumption with their urban based
families. This production entitlement is positively contributing to household food security.
Even though the significance and contribution of such direct food production to the livelihoods
of these urban A1 farm beneficiaries was more apparent at the height of Zimbabwe’s food
insecurity between 2002 and early 2009, their livelihoods have been transformed in the medium
to long term. In parallel with these consumption benefits, some A1 beneficiaries who manage
to produce small surpluses are selling this in the city thereby raising income for other household
expenditure. It is also important to note that animal rearing is bearing fruit to the farmers in
Umguza there by contributing to the household security as well. The study also reflected that
there was shortage of markets for produce from community nutrition gardens. Also of
importance was to realize that the farmers are being prejudiced in selling their livestock.
6. RECOMMENDATIONS
 The study revealed that there is a shortage of markets for produce from community
nutrition gardens ,thus most of the produce is consumed with households and not much
income can be generated from nutrition gardens due to lack of access to viable markets.
There is need to facilitate or promote linkages with markets in the urban areas,
particularly the chain supermarkets in the urban areas can provide markets for
vegetables grown in the study area. This can provide cash needed for livelihoods in
study area.
 Policy intervention initiatives to address issues of farm sizes are prime issues to be
further explored to ensure sustainable production in A2 farms. A sound agricultural
production industry should be supported by a policy environment that allows farmers
to borrow money from the markets to invest in inputs and technology. The failure of
Government to give full tenure or tradable leases to the farmers has jeopardized their
ability to mobilize funds from financial institutions.
 Awareness campaigns of farming techniques should introduced to enhance and equip
the resettled farmers with knowledge
 Bankable land rights should be introduced.
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 Long term cattle finance instruments are a key to ensure continuity in cattle production
enterprises. Accessibility to marketing information and provision of marketing
infrastructure such as (selling points) in A2 farms is of paramount importance to
ensuring effective marketability of cattle in A2 farms.
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ABSTRACT
Tyres are of paramount importance to the vehicle as they are the main part of the vehicle that
needs constant check .On Zimbabwean roads, the latest statistics show that most traffic
accidents are caused by tyre punctures resulting in deaths and injuries of passengers. The tyres
considered in this research are 19514RC tubeless tyres since they are common to motorists and
tubeless are easier for inserting the sensor. The aim of the design is to minimise or eliminate
tyre bursting due to untimed pressure changes. The system needs to notify the driver of any out
of range pressure values in the tyre pressure in order to warn the driver and occupants of a
vehicle so that safety action can be taken. This paper focuses on designing a pressure
monitoring system in the vehicle tyres with instant feedback loop to the vehicle operator using
RF (radio frequency) communication. The engineering design process was used together with
experiments which were designed in order to determine the required pressure range and
temperature for the system. The main parameter that was analysed is the pressure of the tyre.
According to the experiments conducted, the required pressure range is between 300 to 350kPa.
A PIC16F887 programmable interface controller was used together with a Surface Acoustic
Wave pressure sensor for monitoring pressure variations in the tyre. The system was also
designed with an audio signalling device in alerting the driver of a possible tyre puncture.
Key Words: puncture, tyre, monitor, radio frequency, microcontroller
1. INTRODUCTION
Most of the accidents in our roads in this nation refer to the failure of the tyre mainly due to
the lack of sufficient pressure in the tyre. They are the only components that link the vehicle
with the ground and they facilitate the movement of the vehicle (Santhoshet al, 2012).Many
vehicles found in Zimbabwe are imports from other continents and tyres are manufactured
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under different conditions to suit the weather (environment) in their respective country
regions where there are different temperatures compared to Zimbabwean high temperatures,
due to changes of weather conditions there will be difficulties in the use of these tyres in this
country.
Many vehicle operators offer resistance to buy new tyres so they end up buying used tyres
that are re-treaded for resale. The standard thickness of the threads will be reduced so with
continual use and un-monitored pressure, tyres easily burst and this poses as a threat to
human life. Also in most cases the vehicles are overloaded whilst using re-treaded tyres
increasing chances of bursting thereby increasing the risk of accidents. According to (Sivarao
et al,) the air pressure in the car tyre drops 10 to 20 kPa every month. Drop of each 10 kPa
is equivalent of adding a 70 kg person into the car and causes overloading due to the ‘virtual’
passenger condition in the car. Also considering the tyres are exposed to sharp edges in poor
and these lead to tyre punctures.
1.1 Background
It is common to experience slow air leaks from a tyre due to the penetration of small sharp
metallic objects. Such a pressure loss, the driver may not notice the condition when left for
long periods the tyre pressure may be left insufficient that driving the vehicle may
permanently damage or weaken the tyre According to (Sivarao et al ,) under inflated tyre
causes excessive heat dissipation and it increases wear rate, easily damages the tyre and the
tyre is exposed to the risk of explosion. According to Michelin Company if a commercial
vehicle tyre is underinflated by 20% it can lose 30% of its potential life (Junney M.J 2000).In
a normal tyre it is the air inside (pressure) that takes the weight of the car. If the pressure is
reduced the sidewall starts to flex and generate heat and finally burst. Checking the tyre
pressure regularly may not prevent the adverse effects when there are slow leaks. Also fast
leaks or flat condition can rapidly cause damage to the tyre this condition may go unnoticed
by inexperienced drivers until it is too late.
Therefore the aim is to design a real time system for monitoring and detecting tyre puncture
for vehicles through designing system that continuously monitors tyre pressure variations and
to design a tyre puncture sensing system that can provide feedback to the vehicle controller.
This research looks at tyres for vehicles used in Zimbabwe only. The tyres considered in this
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research are tubeless tyre mainly due their improved air retention and tyre cooling than tubed
tyres.
1.1.1 Merits of tubeless tyres over tubed tyres
Comparing tube tyre with a tubeless tyre, a tubeless had the following merits Heinz Heisler
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a slow loss of air develops if a tyre is ruptured giving warning in time to avoid
serious rouble



Tubeless are lighter so the reduced unsprung-mass reaction on the vehicle’s
suspension system reduces wheel bounce and



With a tubeless tyre only the cover has to be fitted over the wheel rim there is no
danger of loose components flying off during inflation due to distortion or
carelessness.

1.1.2 Dial tyre pressure gauge
The pressure sensing technologies in Zimbabwe are mainly the gauges at the fuel stations.
Pressure gauges are used to measure the pressure directly when inflating the tyre. According
to (William et al, 2005) gauges measure pressure with respect to atmospheric pressure. The
effective sensors are the ones that can measure the pressure from 0-150 psi.
1.1.3 Principle of operation
According to (Morris et al, 2001) the bourdon tube is an elastic type of pressure transducer.
The main advantage is that it is relatively cheap and is commonly used for measuring the
gauge of both the gaseous and liquid fluids.
1.2 Digital Gauge
They can measure the tyre pressure yes but the main disadvantage is that they require a human
being to read the pressure and are at times prone to errors like the zero error. Also there is
negligence from the operator and this poses a threat to the people. Also they cannot measure
the pressure in real time.
1.3 Surface acoustic wave (saw) pressure sensor
According to (Rukhulenko et al, 2005) itmeasures the pressure of tyre, with compensation
temperature and the wireless transmission of the measurand data (pressure, temperature). It
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utilizes the piezoelectric effect in some materials to measure strain caused by pressure surface
acoustic wave (SAW) pressure sensors that utilise the phase velocity variation of surface
acoustic wave on piezoelectric substrate when pressure is applied (Yang 2013).
1.3.1 Principle of operation
Acoustic wave devices utilize the piezoelectric effect to transduce an electric signal into a
mechanical wave. The mechanical wave propagates through the material to another
transducer which converts the wave back to an electrical signal (Kirschner et al, 2010)

Fig 1: Adapted from Jared Kirschner 2010
. Generally surface acoustic wave technology utilizes an interdigitated transducer (IDT) to
convert electrical energy into an acoustic wave. The acoustic wave then travels across the
surface of the device substrate to another interdigitated transducer, converting the wave back
into an electrical signal (Jared Kirschner 2010).This can be measured as either a time-delay
or a phase-shift, depending on the mode of operation
1.3.2 Modelled equation

BW

is the bandwidth describes the range of the frequency distribution of the acoustic wave
generated by the input IDT.

Vp

is the propagation velocity of a wave in the substrate

lIDT

the total length of the IDT (in the primary direction of wave propagation) is equal to
the number of pairs of fingers N in the IDT multiplied by the pitch of the rim.
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1.3.3 Advantages of surface acoustic sensors
They are rugged, small cost effective sensors, have incredible sensitivity and also have large
read out distance and temperature stability, They are able to operate in a very wide temperature
range, and also adding on to that they can work completely wireless without the need for an
internal power source.
1.3.2.4 Disadvantage
SAW sensors generally require more signal processing than most devices. This is because the
waveforms must be compared for frequency shifts, phase-shifts, time-delays, or attenuation.
However, because of the possibility of wireless sensing, a distributed network of sensors can
be measured and analysed by one centralized data acquisition and processing system.
1.4 Wireless Sensors
According to Tavares et al, 2008 the application of wireless sensor networks to the
automobile constitutes a challenge to be faced in this endeavour; The advances in microelectro-mechanical systems (MEMS) technology and wireless communication have enabled
the development of low cost, low power, multi-functional sensor nodes that are small in size
and communicate untethered (untied to restrict motion) in short distances.( Akyildiz, et al,
2002).
Once measurement data have been collected by the sensing interface, the computational core
takes responsibility of the data, where they are stored, processed, and readied for
communication.

Fig 2: Architecture of a typical wireless node (adapted from Anastasi et al, 2009)
1.5 Objectives


To design a system that continuously monitors tyre pressure.
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To design a tyre puncture control system that can provide feedback to the vehicle
controller.



To interface the intelligent system with the vehicle for the controller to see.

2.0 METHODOLOGY
2.1 Documents review
The following data was collected from reviewing the reports:
1. At National tyre service centre in Chinhoyi, they do about 10 – 15 cars a day that is
a minimum of about 20 tyres a day.
2. The tyres cost from $71 ordinary tyre for vehicles like Toyota Vitz to $621 for buses
tyres with the 19514RC costing $131.
3. The operating pressures for various car tyres for the commuter omnibuses to be
precise the 19514RC Dunlop tubeless tyre mainly used in the commuter omnibus
industry e.g. Nissan Caravan and small trucks which operates in the pressure range
of 300 to 350kPa and the operating temperatures are -400C to 1250C
4. Vehicles that frequently have tyre punctures are the ones used in the passenger
industry since e.g. commuter omnibuses, taxis since they are always in use mainly
due to the negligence of the tyre monitoring by the vehicle operators.
As part of the survey the researcher collect the range of tyre pressures of the common tyres
used in the transport industry
Table 1: Type of tyres
Example of car models that

Dunlop Type of

uses the type of tyre

tyre

Nissan caravan

19514RC

300 to 350kPa

Toyota B1800

185R14C

450 kPa

Nissan Sunny

185/70R14

250 kPa
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Maximum pressure

Table 2: Survey on pressure checking

Basic operation of the whole system from the data gathering in the pressure sensor there are
input signals from the pressure sensor and then there is pre-processing after the signal has been
pre-processed there is an estimation and decision in the controller against the pre-sets and sends
the information to the LCD and sounds based on the condition.

Fig 3
2.2 Experiment 1
Aim
To investigate the average pressure when inflating the 19514RC tyre
Objectives


Observe how tyres are inflated and what pressures normally used since they are
conventional methods to inflate the tyres
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Procedure
Inflated 10 different cars that use the 19514RC tyre, so observed the at tyre attendants as
he used the PCL mk3 HI Flo tyre inflator to observe the pressure range they use to inflate
19514RC apart from the recommended range of 300 to 350 kPa
2.2.1 Results of the experiment
Table 4
19514RC tyre
1
2
3
4
5
6
7
8
9
10

Pressure
kPa
320
330
315
318
328
325
320
315
331
320

in

10 cars were used in this experiment while the researcher was noting the pressure final pressure
that was inflated into the 19514RC tyre mainly to see other reasons why so from the designs
above.

Fig 5
Graphical representation of the tyre pressures of the 19514RC tyre inflated at different times
at the service station. From the graph we can see that the pressure is distributed between 300
and 330 kPa. The observation from the graph is that there is no definite pressure when
inflating there is a pressure distribution in the system.
809

2.3 Experiment 2
Aim
To investigate characteristic of the piezoelectric effect due to pressure
2.3.1 Objectives


To observe the behaviour of the pressure sensor under and observe the
characteristics of the pressure sensor.

APPARATUS
1. Com3lab master unit 700 00
2. Computer HP 635
3. Manometer
4. Conventional syringe

2.3.3 Procedure
The experiment was dome using the com3lab to analyse the behaviour of the pressure sensor.
One of the sensors is pressurised by means of a conventional syringe, while the other input is
left open and thus remains at ambient pressure. The manometer is used for reading the pressure
generated by the piezoelectric voltage which is amplified by the measuring amplifier.
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2.3.4 OBSERVATION


From the above experiment it was noticed that the higher the pressure the higher
the voltage.



Overpressure on the upper connection yields a positive voltage value.



Over pressure on the lower connection yields a negative voltage value.

2.4 Experiment 3
To investigate the relationship between the pressure fall and time
2.4.1 Objectives


To observe how the pressure P goes down if there is a small puncture small leak against
time

2.4.2 APPARATUS
Tyre, Pressure gauge and Clock
2.4.3 Procedure
Inflated a car tyre with 350kPa then started to measure the pressure drop in every 5 minutes for
an hour.
The mass of the car is 1860kg
Divide the mass by the number of tyres 4 we find that 1860/4 the weight of 465 kg which is
acting on the each tyre
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2.4.4 Results of the experiment

pressure

400

200
pressure
0
0 5 10 15 20 25 30 35 40 45 50 55 60

Fig 6
2.4.5 Observation
The tyre pressure drop varies exponentially with time
and is modelled using the equation P= Art
LogP=Log (Art) =logA +t logr
P=385(0.974) t
In the design the researcher considered wireless communication for acquiring the tyre
pressure and the monitoring since the tyre will be in motion and it is not possible to have a
wired communication.
In the design of this system there is need to look into the type of sensors that can be easily
be interfaced that they can be able to withstand high vibrations that is robust.
There is an issue of where the sensor is going to be placed since the tyre will be in continual
motion there is need to take a look into the tyre structure and the rim structure. There are
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limited spaces where the sensor can be placed. The researcher used steel strapping around
the rim by which the sensor can be attached to the tyre or put it on the valve stem on the rim
of the tyre.
2.5 Mathematical modelling
Equations for the system from the ideal gas law
PV=nRT
P=pressure
V= is the internal volume of the tyre
n= the amount of air in the tyre
R= this is a constant
T= absolute temperature
The rule of thumb we have 100F change in temperature tyre pressure inflation temperature
increases by 1Psi. (As the temperature goes up the higher the pressure and the lower the
temperature the lower the pressure)
2.5.1 Temperature conversion of 100F to 0C
Using the formula (T0C) = (T0F-32) x 5/9
(T0C) = (10-32) x 5/9
T0C

=-12.222222222220C

If we increase temperature of10F
For 110F
(T0C) = (11-32) x 5/9
=11.666666667 0C
So for each increase in of 10F there is addition of
12.222222222220C -11.6666666670C
=0.5550C
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2.5.2for pressure increase of 0.555 0C
1psi

= 6.894757kPa

For an increase of 10F
100F

=1psi

11 0F = x psi
X psi =11/10 =1.1psi
1.1psi =1.1x6.894757kpa = 7.5842327kPa
7.5842327kpa-6.894757kPa
=0.6894757kPa
So the relationship between 0C to kPa according to the thumb rule
.5550C gives 0.6894757kPa
0.555 = 0.6894757kPa
X

=1kPa

X 0C = 0.555/0.6894757
1 kPa =0.8049594780 C
So 1kPa =0.804959478 0 C
This mathematical modelling caters for the inflation inside the tyre due to the air pressure.
So as the temperature increase there is suddenly change in which results in increase pressure.
Once you have inflated the tyre the amount of air in it is also essentially the only thing that
vary are pressure and temperature. This is modelled by the relationship P= (nR/V) T pressure
varies directly with temperature and the temperature range so in winter as the temperature
decreases the pressure decreases.
2.6.1 Basic operation of the system
The pressure sensors are mounted on each tyre which transmits to the receiving
microcontroller unit integrated with the display and the buzzer. The sensors periodically
broadcast the pressure of the respective tyre together with the identifiers. The controller
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receives the packet message and performs some computation and then displays on the LCD
and the buzzer.

Fig 7
3.0 Results
3.1 Pressure sensor
Since the tyre will be in motion there is need to look at the very MEMS pressure sensor thus
the type and the specifications according to the pressure range of 300 to 350 kPa the sensor
has a pressure range of 50- 637 kPa. The sensor must be able to detect pressure as low as
from 50 to 350 kPa so as to acquire the correct pressure range. The factors to consider are
precision, repeatability, size and power consumptions. The environment inside the tyre is
very harsh on electronic components .The sensor must provide high resolution repeatability
and accuracy and should be able to work within the range of -40OC

to 125OC

of

temperature. From the types of the MEMS namely piezoresistive and capacitive MEMS
pressure sensor, the pressure sensor considered is the surface acoustic wave (SAW) sensor
mainly due to major advantages it has in trying to minimise power consumption. It has long
life low mass can be able to operate in higher temperature range. And requires temperature
correcting circuit and no batteries are required. An input signal applies to an inter-digital
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transducer excites a deformations in piezoelectric substrate generating an acoustic wave that
propagates on the surface. Conversely a SAW wave can induce a voltage in an IDT resulting
in an output signal. It can be interfaced with the wireless identification system through an
antenna. The material must be corrosive resistant since there might be moisture inside the
tyre.

So for this system the MPXY80200A sensor because of the operating pressure and
temperature ranges

Fig 8
3.2 buzzers
There is need to add an audio signalling device (buzzer) to the LCD to get the attention of
the driver and occupants to notice and be aware in case of any tyre variation. The buzzer will
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help in the system to quickly alert the driver and the occupants regarding any pressure
variations in the tyre. Whenever the pressure in any of the tyres exceeds the predetermined
values the buzzer circuit gets activated.

Fig 9: Buzzer circuit to be interfaced with the microcontroller
3.2.2power supply of the microcontroller
The microcontroller is powered by the car battery. The microcontroller works at 5V so a 5V
regulator circuit is used to reduce the voltage from the 12V car battery. It maintains a constant
voltage by using LM 7805 CT regulator.

Fig 10
3.2.3 Specifications for the (lm805)
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The pressure sensor function reads the pressure in the tyre converts data form analog to
digital ,prepares the data to be transferred by the transceiver which then sends to the antenna
the pressure sensor sends the data at RF 433 MHz frequency to the on-board antenna shared
by all the tyres the microcontroller does the computation and the desired.
3.2.4 Block diagram of a sensor module in a tyre

Fig 11: block diagram of a sensor module in a tyre
The sensor module contains the sensing element, it contains the four major blocks a sensor
excitation circuit, a signal amplifier, a dc to ac convertor and a radio frequency RF
transmitter. Surface acoustic wave (SAW) pressure sensors utilize the phase shift variation
of surface acoustic wave on piezoelectric substrate when pressure is applied. The amplifier
is used to bring the signal power to proper level for future processing. RF is essential to
transmit the pressure sign
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Fig 12: Block diagram of RF module operation.
Data is transimitted between RF modules in the wireless communication and it uses the
serial communication method used by the microcontroller to convert the parallel data into
the serial data

3.2.5 RF module specifications
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On board microcontroller interface with the buzzer, RFmodule, LCD, 5V power supply.

Fig 13
4.0 DISCUSSION OF RESULTS
This section briefly describes the simulation procedures and presents results obtained from
the simulations that were done to test for feasibility of the design. The monitoring programme
will be made and tested until it certifies the objectives of this project program will be made
and tested until it has achieved the set objective of this project. The simulation done was on
acquisition, processing and monitoring. For simulation purposes mikroC® was used to write
the programme of the PIC. Proteus®displays actual pressure and temperature within the tyre
in order to check if the temperatures are within the range still within the range of the system
sounding the buzzer if there are any critical conditions in the system. Fig 7.1 the circuit of
the whole system
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4.1 Pressure
This is one of the parameter being monitored and displayed on the LCD. Values of pressure are
showing the range for normal or critical.

Fig 14
The fig 14 above shows the pressure of 343kPa that is and the blue LED is ON signifying that
the pressure is within range.

Fig 15
When temperature falls below the desired range in this case the pressure displayed is 98.9
kPa the LCD is displaying the P critical and the buzzer is sounding and the red LED is ON.
4.2 Temperature
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This is another vital parameter which is being monitored and displayed on the LCD. Being
displayed are showing rang for normal and critical.

Fig 16
When temperature lies outside the range -400 C to 1250 C range in this case the temperature
is 128.999990 C, T normal on the LCD the buzzer will not be sounding and the blue LED
will be ON.

Fig 17
When temperature exceeds the temperature -400 C to 1250C range in this case the temperature
is 128.999990 C, T critical on the LCD the buzzer will be sounding and the red Led will be
ON.
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5.0 CONCLUSION
The purpose of this design was to gain insight on how best can we increase the safety of
passengers in the transport business by having a wireless monitoring system to monitor the
pressure in the tyre and notify if there are any pressure variations due to punctures. The study
gave the researcher insight on the technologies adopted by others to tackle issues. Consequently
the researcher drafted an online pressure monitoring system which requires minimum
supervision .The simulation and process software could have achieved finer or most probably
better results and the objective s and the aim. Nevertheless the study was a benefit to the
researcher. Current pressure and flat leaks notifications are all displayed on the LCD. This
system will take maintenance out of proper tyre pressure resulting in increased tyre life, fuel
efficiency, vehicle safety and performance.
5.1 RECOMMENDATIONS
Based on the design looking at the where the sensor is placed in the system there is need to
further research into other types of sensing techniques and probably using various techniques
to improve the efficiency of the system .Further studies can be done in trying to eliminate noise
interference in the wireless system since the transceiver needs to send the signals through the
tyre’s rubber and metal mesh and the signals will be subjected to multipath fading due to high
density of metallic components surrounding the transceiver .
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ABSTRACT
Following the end of the Cold War in 1990, more than two dozen nations established truth and
reconciliation commissions. The purposes of these truth commissions were several and
included: to uncover past atrocities committed by police and security forces, to propose
political, legal, and economic reforms, and to assist surviving victims and families with
reparations. Their mandates varied widely. Some commissions possessed wide powers to
examine a large period of time, even decades, using subpoenas and independent experts. Other
commissions were politically compromised, had little funding or authority, and focused solely
on a specific event.
This paper has a two-fold purpose. Firstly, to consolidate best practices from the successes and
failures of past truth commissions. Secondly, given the conference theme, the paper will
concentrate on the relationship between these recommendations, the rule of law, economic
development, and the unleashing of individual entrepreneurship for post-conflict wealth
creation.
1. INTRODUCTION
Our country is living in a state of terror. Peasants distrust each other. They live in fear
of authority in general, whether it is the authority of the bourgemestre, the prefet, the
gendarme, or the military. Rwanda lives in fear of its own shadow.
----Rwandan human rights activist Rev. Andre Sibomana [1]
Over the past two decades, the international enforcement of human rights norms has expanded
to a point unprecedented in world history. [2][3][4][5][6][7] The international criminal
tribunals for the former Yugoslavia and Rwanda, created by the United Nations Security
Council, join the newly established International Criminal Court and regional courts in Africa,
Europe, and the Americas as transnational precedents for arresting, extraditing, trying, and
sentencing those charged with genocide, war crimes, and crimes against humanity.
[8][9][10][11][12][13][14] These mechanisms have one central assumption in common: that
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Western-model trials, using the adversarial system, trained lawyers with a rigid code of
procedures being the most humane, accurate, fair, and effective method of dispensing justice.
Yet these institutions have failed to deter serious human rights violations from occurring around
the world for three reasons. First, the nations responsible for creating these enforcement bodies
have only acted belatedly and reluctantly. Second these institutions have too often promised far
more justice than they actually delivered. Additionally, these strategies have not helped those
most victimized to heal and receive restitution. These same objections apply to national courts
as well. In addition to having to operate in an already politicized transitional justice
environment, challenges to successful prosecutions include de facto or de jure amnesty laws,
interference by security forces, lack of funds, destruction of evidence, and credible threats
directed against judges, prosecutors, and witnesses. Given these obstacles, some human rights
activists have embraced an alternative model that emphasizes uncovering past atrocities
through more flexible, victim-centered methods. Using restorative justice theory, they helped
to create more than two dozen truth commissions over the past twenty years to obtain justice,
remember the past, and meet the emotional, psychological, and financial needs of survivors.
Yet few scholars have examined the statutes and outcomes of these commissions in a
comparative way. [15][16][17] Thus little is known about how they are similar and different,
let alone more or less useful and effective, in their functions, capabilities, and terms of
reference. The purpose of this paper is to derive best practices from this history, with an eye
toward making recommendations for future bodies that can hold offenders accountable,
promote reconciliation, and reduce the likelihood of future conflict.
2. OBJECTIVES
The growing body of literature on restorative justice has generated a desire for a profound
critique of Western-based judicial processes. [18][19][20][21][22] At its core, the commentary
embraces three premises: crime is a violation of inter-personal relationships (and only
secondarily transgresses an abstraction called the law), that therefore willing victims and
offenders should co-participate in a process that emphasizes apology and restitution, and that
these mechanisms work best at the local level, where victims and offenders often know one
another. National and international courts, in contrast, operate within a legal culture developed
over centuries in Europe and North America that is premised on several principles. First, an
understandable emphasis on protecting the rights of the offender often translates into elevating
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elaborate evidentiary and procedural rules over fair and just outcomes, as well as treating
victims’ needs as secondary to punishing offenders. Lawyers and judges are the only major
courtroom actors. Victims are further prevented from acting as witnesses or observers by the
locations of the tribunals, which could be far from their homes. Second, the latter’s
deliberations focus upon the amount of punishment that should be meted out to the offender;
punishment that does not reward the taking of personal (as distinct from legal) accountability
by the offender and that does not require making any direct amends to those victimized. Thirdly,
the goal of a trial is to find out the truth as it relates to only the formal legal charges filed; it is
not to illuminate or create a larger historical, cultural, or political record. As lawyer and scholar
Julie Mertus explains, “The legal process is inherently counter-narrative; it opens and closes,
letting in only enough information to prove the issue at hand.”[23] With international and
national courts unable or unwilling to serve as direct healers for those suffering or as efficient
and fair dispensers of justice, survivors of human rights abuses are faced with the terrible choice
of exacting vengeance themselves or forgetting their traumatic past. [24][25][26][27]
No alternative method of uncovering past abuses, holding offenders accountable, and
attempting to meet the needs of victims has been more prominent recently than truth
commissions. Given their widespread use over the past thirty years, this paper asks several
questions: What are key differences between models adopted in spots around the world? What
trends can be observed by examining these disparities? What conclusions about efficacy,
legality, and legitimacy can be drawn from a few critical divergent characteristics of truth
commissions? Finally, what do these findings say about the conference themes of
entrepreneurship and wealth creation?
Any truth commission must take into account the history, indigenous culture, current political
situation, and material and psychological needs of those affected by human rights abuses. These
variables have led to the creation of a variety of such bodies around the world, but particularly
in sub-Saharan Africa and the Americas, mostly following the end of Cold War proxy wars. As
defined by Priscilla Hayner, who has cataloged forty such examples, truth commissions contain
four elements: they concentrate on the past, examine a systematic set of abuses, exist only
temporarily and end with the anticipated publication of some kind of report, and derive
legitimacy from an official connection to a national government. [15] Yet these parameters are
very general; they mask a diverse array of purposes and capabilities written into their terms of
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reference as the product of political bargaining among an often complex set of actors. Three of
the most controversial articles of a truth commission’s constitution are whether an official
report should contain the names of alleged perpetrators, whether offenders should face legal
prosecutions supported by evidence gathered by the commission, and what types of reparations
victims should receive. Given this background, this paper has three objectives: 1. To identify
and explain these three key variables and how they have influenced the performance of truth
commissions over time; 2. To draw conclusions on the best practices of truth commissions; and
3. To apply the lessons learned to the conference’s themes of the rule of law, economic
development, and the unleashing of individual entrepreneurship for post-conflict wealth
creation.
3. METHODOLOGY
While the literature on truth commissions is truly vast, most of it is a decade old, heavily drawn
from accounts of the South African Truth and Reconciliation Commission specifically, and
contains few works of synthesis. The literature is also descriptive, focusing on case studies but
not measuring the qualitative or quantitative effects of truth commissions. Priscilla Hayner has
provided a definitive list of forty truth commissions in Asia, Africa, the Americas, and Europe
dating from 1974 to 2009. Using her database, supplemented with other references cited below,
this paper will examine and analyze the three above-mentioned variables, placing each in the
wider context of evolving truth commission practice. These three variables were chosen for
several reasons: past practice demonstrated initial wide divergence followed by an emerging
consensus, each provided much controversy among stakeholders, and each was prominent
enough to warrant transnational court decisions and United Nations study.
Naming Names
The early practice of truth commissions before 1992 avoided naming or otherwise exposing
the identities of alleged perpetrators of human rights violations. [28] While most successor
bodies have refused to disclose them, there are important exceptions, and precedents in
international law which provides for public identification. Truth commissions in El Salvador,
Chad, South Africa, Peru, Sri Lanka, and Liberia included names of alleged offenders in their
final reports, while the Haitian body inserted them in a confidential appendix. The emerging
“right to truth” has buttressed these public claims. In 1995, the Inter-American Court of Human
Rights ruled that the Government of Ecuador was legally mandated to provide the family
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information about the fate of desaparecido Manuel Bolanos after government agents detained
him a decade earlier. [29] Further actions by the Inter-American Commission on Human Rights
and the Inter-American Court [30] led the United Nations Commission on Human Rights to
request a study on the right to truth by the Office of the High Commissioner for Human Rights.
That 2006 investigation concluded that,
the right to the truth about gross human rights violations and serious violations
of human rights law is an inalienable and autonomous right, linked to the duty
and obligation of the State to protect and guarantee human rights, to conduct
effective investigations and to guarantee effective remedy and reparations. This
right is closely linked with other rights and has both an individual and a societal
dimension and should be considered as a non-derogable right and not be subject
to limitations. [31][32]
In 2010, the U.N. General Assembly designated March 24, the day of the assassination of El
Salvadoran Archbishop Oscar Romero, as the International Day for the Right to the Truth
concerning Gross Human Rights Violations and for the Dignity of Victims. [33] Two years
later, the United Nations Human Rights Council specifically “recognized the right of the
victims of gross violations of human rights and the right of their relatives to the truth about the
events that have taken place, including the identification of the perpetrators of the facts that
gave rise to such violations.” [34]
Although the emerging international “right to truth” norm includes the public disclosure of
names of alleged human rights offenders, due diligence must be taken to protect the legal rights
and dignity of those identified. Truth commissions are not courts, and any testimony taken and
findings reported are not subject to cross-examination or judicial rules of fact-finding. [35]
Each body must set consistent evidentiary requirements for including such names in a report.
The Commission on the Truth for El Salvador developed the most complicated mechanism,
requiring names to be verified by two independent sources and denoting three levels of
certainty (“overwhelming,” “substantial,” and sufficient”) for tying an individual to a specific
crime. Only those judged to be in the former two categories had their identities published. Most
truth commission use a “balance of probabilities” or “preponderance of the evidence” standard,
meaning that if there is more evidence of guilt than innocence, an accused person’s name will
find inclusion in the report. The result may not be “the truth,” if that is ever possible, but, as
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Michael Ignatieff asserts, “The past is an argument and the function of truth commissions, like
the function of honest historians, is simply to purify the argument, to narrow the range of
permissible lies.” [15]
Truth commissions in El Salvador, Chad, Liberia, and South African reiterated plainly and
openly that accused individuals mentioned in their reports are not guilty under any legal
standard. Argentina’s National Commission on the Disappearance of Persons placed all names
in quotation marks to underscore the lack of determinative value. Chile’s National Commission
on Truth and Reconciliation and Peru’s Truth and Reconciliation Commission placed all
identities in confidential appendices. Those mentioned in the former report became ineligible
for military promotion; the latter list would automatically be declassified if no public
prosecutions commenced with six months of the report’s publication. Though it is beyond the
bounds of this short paper, truth commissions that have denoted names have given various
levels of advance notification to those accused and have offered them the right to present
exculpatory evidence. [36]
Support for Prosecutions
Given the emerging international legal imperative to publicly disclose the identities of the
accused, offering an impartial legal forum to prove error and innocence is vital. As the U.N.
High Commissioner for Human Rights asserted, “Generally, a truth commission should be
viewed as complementary to judicial action.” [37] The International Covenant on Civil and
Political Rights, with 168 parties, has obligated the development of judicial remedies for
redress, as purely administrative or legislative bodies, such as truth commissions, are
insufficient. [38] This interpretation has been upheld by the U.N. Human Rights Committee,
the U.N. Committee Against Torture, and the Inter-American Commission on Human Rights.
[39][40][41][42] As succinctly stated by the latter in a 1999 case involving the extra-judicial
executions of eight people in El Salvador,
The value of truth commissions is that they are created, not with the
presumption that there will be no trials, but to constitute a step towards knowing
the truth and, ultimately, making justice prevail. Nor can the institution of a
Truth Commission be accepted as a substitute for the State’s obligation, which
cannot be delegated, to investigate violations committed within its jurisdiction,

830

and to identify those responsible, punish them, and ensure adequate
compensation for the victim. [43]
Exactly half of the thirty-eight truth commissions studied by Amnesty International provided
the names of alleged perpetrators and their past criminal offenses to authorities for prosecution
in national courts. [44]
Yet it is crucial to remember that judicial processes have often been corrupted by remnants of
political factions formerly in power, so that in many cases, the courts are unavailable,
unwilling, or enjoined from prosecutions. In post-genocide Rwanda, court personnel and
facilities simply did not exist. Following political transitions in which those responsible for
human rights abuses remain in partial power, prosecutors may refuse to take action, either out
of complicity or fears for their own physical safety. Amnesty laws might forbid holding
offenders legally accountable. Brian Grodsky, after reviewing case studies of transitional
justice from Eastern Europe, the Balkans, and Asia, concluded that the chances of achieving
high levels of accountability rest upon three variables: the attitudes of elites in power, the ability
of the post-transitional government to deliver public services (security, economic growth), and
the strength of public demands for accountability. [16]
While there is often tension between the need to prosecute and the ability to conduct fair and
independent trials, international norms now dictate that de facto or de jure amnesty for
perpetrators of serious human rights abuses is illegal. [45] Starting with the 1993 Vienna
Declaration and Program of Action, [46] international law has evolved to require the
prosecution of those alleged to have committed war crimes, crimes against humanity, genocide,
torture, extra-judicial/summary/arbitrary executions, and enforced disappearances. [47] The
once-acknowledged trade-off between amnesty and truth, based on a 1996 South African
Constitutional Court case [48] that upheld Truth and Reconciliation Commission amnesties to
those who testified fully and accurately, is now an outdated exception. The Inter-American
Court of Human Rights invalidated amnesty laws in Peru, Brazil, Chile, and El Salvador
between 2001 and 2012. The African Commission on Human and Peoples’ Rights and the
European Court of Human Rights borrowed language from the Inter-American Court to strike
down amnesty laws in Zimbabwe, Mauritius, and Croatia. [49][50] Pablo de Grieff, the U.N.
Special Rapporteur on the Promotion of Truth, Justice, Reparation and Guarantees of NonRecurrence, summarized the findings of these bodies (and General Comment 31 by the U.N.
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Human Rights Committee [51]) by concluding that, “Failure to investigate and prosecute such
violations gives rise to a separate breach of human rights treaty law.” [52][53] Truth
commissions, sometimes advanced as more appropriate mechanisms for uncovering past
horrors, assigning individual culpability, and assisting survivors, are no longer viewed as
substitutes for trials. Rather, they have produced testimonies and generated the political will to
hold egregious offenders of human rights norms accountable to domestic and international law.
Recommending Reparations to Victims
There are five widely recognized categories of reparations for victims of human rights abuses.
They include restitution, compensation, rehabilitation, satisfaction (access to truth, an apology,
accountability for offenders, and/or an investigation into those that have disappeared), and
guarantees of non-repetition (reforms to a nation’s security sector, courts, and legal codes). [54]
The right of victims to reparations was most directly codified by the U.N. General Assembly
in 2005, though its appearance in general international law dates back eight decades. [55][56]
The obligation of the state to provide reparations, or to compel the provision of reparations by
non-state actors, is anchored within the right to an effective remedy as guaranteed by the
Universal Declaration of Human Rights, the International Covenant on Civil and Political
Rights, the Convention Against Torture, and the Rome Statute of the International Criminal
Court. [57][58][59][60] While these instruments provide the legal obligation, it is as important
to mention the moral case for reparations. Rene Maheu, a former Director-General of the
United Nations Educational, Scientific, and Cultural Organization, remarked that,
Whenever human rights are completely trampled underfoot, silence and
immobility prevail, leaving no trace in history; for history records only the
words and deeds of those who are capable, to however slight degree, of ruling
their own lives, or at least trying to do so. There have been - there still are multitudes of men, women and children who, as a result of poverty, terror or
lies, have been made to forget their inherent dignity or to give up the efforts to
secure recognition of that dignity by others. They are silent. [61]
Anti-apartheid activist Thandi Shezi drew deep connections when she stated, “There is no
reconciliation without the truth, and there is no reconciliation without reparations.” [62]
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When making recommendations about reparations, it is vital to take into account the needs of
individual victims, to make participation in any compensatory program voluntary, and to
combine symbolic and tangible benefits for the alleviation of past suffering with broader
reforms to prevent future repetition. [63] Compensation cannot restore the physical, emotional,
and spiritual integrity of victims, as it existed in the past. Brandon Hamber, in a study of
transitional violence informed by his work with the Centre for the Study of Violence and
Reconciliation in South Africa, makes this clear. “No matter what the motive, all reparations
strategies face this intractable problem,” he asserted. “All reparations…are nominal in
nature…It is impossible to wholly close the gap between an individual’s personal
psychological needs and what the society can offer at a social and political level.” [64]
Logistical problems also collide with moral ambiguities. Given the potentially high cost of
compensation [65], how much in terms of material benefits can a transitory state afford, and
how should they be parsed out among different categories of victims? What evidence of past
suffering should one have to present before receiving reparations or restitution? What role must
those damaged by a previous government’s abuses have in establishing the principles, content,
and eligibility for a reparations programme? After all, victims of political violence differ not
only in their needs, but in their attitudes and beliefs on what is appropriate, just, and fair. [66]
The historical trend is toward developing more expansive and detailed reparations mechanisms
that combine the five elements identified above by the U.N. General Assembly. [15]
Argentina’s and Chile’s truth commissions in 1984 and 1991, respectively, equated reparations
almost exclusively with compensation, awarding either an annual pension or one-time payout
for families of those who were killed or disappeared. In 2004, the Equity and Reconciliation
Commission in Morocco went beyond compensation to try to rehabilitate victims by paying
for medical expenses, psychological care, and vocational training for a future career. It also
converted buildings formerly used to house detainees into cultural centers. In addition to paying
individual compensation, the 2003 Peruvian Truth and Reconciliation Commission funded
hundreds of infrastructural restitution projects to allow those displaced to return to their homes.
Common attempts to achieve satisfaction include issuing official state apologies for past
institutional wrong-doing, erecting monuments and museums, and re-naming schools and parks
after those that were lost to political violence. [67] By far the most difficult category of
reparations to implement has been broad-based reforms to prevent recurrences of similar
violent episodes. Guarantees of non-repetition have included vetting/lustration (firing those in
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political or military office, or performing background checks on future appointees), reforms to
professionalize politically compromised judiciaries and security forces, the incorporation of
human rights into schools and professional training curricula, and revisions to criminal statutes.
[68][69]
4. RESULTS/FINDINGS
This review of truth commission best practices has focused on three key components whose
content has evolved over the past three-and-a-half decades. Those responsible for the more than
three dozen bodies created have debated whether to name the identities of human rights
offenders, use commission findings to undertake prosecutions, and award reparations are
complex issues that have been debated within every one of the more than three dozen bodies
created. Decades later, the outcomes have now provided differential models, practical
observation, and empirical data, with reflection and judgment informed by this passage of time.
It is apparent that truth commissions, once seen as restorative justice alternatives to punitive
justice, have evolved into sequential and complementary mechanisms of justice. This is due to
the evolution within international human rights law, as described above, concurrent with
emerging norms for relevant bodies. Absent from a global legal consensus, existing in often
perilous and tentative political transitions at the sudden end of the Cold War, and lacking
powerful precedents, truth commissions were initially cautious entities in the main. Their
reports omitted the names of alleged offenders, served as substitutes for trials, and made few
recommendations for victim reparations. Since the mid-1990s, reverse trends have appeared.
The bias is now in favour of naming publicly those accused of past human rights violations, to
try those individuals using evidence collected by truth commissions, and to provide victims an
extensive array of tangible and intangible reparations.
5. CONCLUSIONS
Ariel Dorfman, a Chilean playwright forced into exile by General Augusto Pinochet, has
acerbically and poignantly expressed the need for truth and accountability in terms that apply
anywhere injustice has allowed to remain unacknowledged and unrepaired by pointing out that
As a community, we have to confront our past, strip that past naked even if it
leaves us trembling and troubled. We have to look each other in the eye and tell
each other the truths we have hidden, the joy we felt at the pain of our fellow
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countrymen. We have to exhibit our fears, take the distress of our bruised
victims into our lives, assign responsibilities for the tragedy we have lived,
demanded that those who killed the innocent be banished from public office and
the armed forces and, what may be, at least for me, the most difficult duty of
all, recognize how profoundly General Pinochet is part of our history,
representing something deep and terrible in our identity. [70]
The connection between human rights accountability, political democratization, and wealth
creation is direct and clear, according to the existing literature on nation-building.
[71][72][73][74][75] The key concept uniting these principles is the rule of law. Yale law
professor Susan Rose-Ackerman has defined the term as encompassing two different but
entangled concepts: “The first sets legal limits, both civil and criminal, on private interactions.
The second imposes limits on the political regime.” [76] This paper has focused on the second,
and how societies can use truth commissions to discover and acknowledge past human rights
abuses while holding offenders accountable and assisting victims. If truth commissions and
courts act in concert, and with transparency, clear rules and procedures, fairness toward all
parties, and humane sanctions, there is likely to be precedents that are set for the long-term
legitimation of an independent judiciary and non-partisan professionalized security forces. To
achieve the first requires the political stability that justice for human rights victims and
perpetrators can provide and the legal and political underpinnings of property rights. Without
guarantees of domestic peace, foreign and local investors will hesitate to act. Without impartial
courts to enforce property rights, contracts, patents, and codes of competition, the formal sector
will remain underdeveloped, corruption will increase, currencies will devalue, educated elites
and their capital will flee, and the informal, untaxed, and unregulated sector will expand. In
such an environment, economic data can be hard to collect, governmental taxation and
regulation statutes would remain unenforced, and citizens survive by turning to non-state actors
for protection and sustenance.
Peace, justice, and economic development can occur concurrently in mutually re-enforcing
ways. The key principle binding them together is legitimation. A government that provides
basic needs following a transition, such as security, infrastructure, compensatory justice for the
past and fair justice in the present, transparent governance, and the tools for economic growth
will likely receive the endorsement of the citizenry. [77][78][79] That confidence in, and
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acceptance of, political authority will, in turn, lead to citizens meeting their tax obligations,
adhere to codes of law, and participate peacefully within the political process. This is not to
deny the fact that free markets and democracy enjoy both a complementary and antagonistic
relationship. [80][81] But the overall mutually reinforcing relationship between open political
systems, the rule of law, and economic development is best summarized by economists Daron
Acemoglu and James A. Robinson, who term this process “the virtuous circle” is of the view
that
The virtuous circle arises not only from the inherent logic of pluralism and the
rule of law, but also because inclusive political institutions tend to support
inclusive economic institutions. This then leads to a more equal distribution of
income, empowering a broad segment of society and making the political field
even more level. [82]
While much research remains to be done on the specific roles that truth commissions can and
do effectively play in this process, that which has been done so far is encouraging. Empirical
studies have shown that creating truth commissions in general can encourage the advent of
peace and democracy, [83] human rights accountability, [84] political legitimacy, [85]
emotional healing, [86] and democratization. [87] This paper has argued that to best fulfill these
aims, such commissions should embrace recent trends and publicly name those accused, hold
them accountable within the formal justice system, and provide reparations to victims. By so
doing, fractured societies can begin to rebuild emotionally, politically and morally, while
creating and sustaining the institutions needed for wealth creation and entrepreneurship.
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