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PREFACE
The 7th Symposium on Science and Technology with the theme: Impact of Innovative Science and Technology on National Wealth
Creation” was held on 1 – 3 September 2004. Like six others before it, this Symposium brought together research stakeholders from
Government, industry and academia. The Research Council of Zimbabwe (RCZ) continues to organise these symposia in order to
popularise research and development especially in, but not limited to, S&T and to provide a platform for the dissemination and
documentation of that research. The symposia are also regular reminders to renew political commitment to invest more and better in
research at all levels. It is hoped that all the stakeholders now understand that investment in research is more or less the last ‘bullet’
towards the country’s socio-economic development and lasting independence particularly so as we have to rely increasingly on a
knowledge-based economy.
The RCZ is very grateful to His Excellency, the President, Cde. R.G. Mugabe, for the keynote address at the opening ceremony of the
Symposium. That inspirational address is printed in this Proceedings of the Symposium. Professor Marian Ewurama Addy, from the
University of Ghana, was our Guest Lecturer for the Symposium. Her discourse was titled: Science in Africa and Wealth Creation.
Professor Addy shared with us her experiences from a Ghanaian perspective, particularly, and an African context, generally.
This Proceedings also comprises selected presentations of seven (7) Keynote papers which were presented at Plenary Sessions by
invited specialists in various sectors and other papers presented at sectoral parallel sessions covering:
• Engineering, Mining and Physical Sciences – 6 papers
• Informatics – 3 papers
• Health Sciences – 4 papers
• Agriculture (Livestock) – 9 papers
• Agriculture (Crops) - 7 papers
The papers accepted for publication in the Proceedings of the 7th Symposium were the outcome of a rigorous referee process by experts
in the respective fields. The names of those asked to review the papers have been gratefully cited in the acknowledgement section of the
Proceedings. The RCZ would like to thank Professor C J Chetsanga for overseeing the refereeing process.
It is worthy noting that these research papers are a result of research done in the period 1999 to 2004, a period during which the country
was going through social and political challenges that inevitably impacted negatively on research programmes. It is a tribute to the
presenters and researchers that they were able to accomplish what has been presented. The RCZ further notes that the papers presented
emanated from the research that was done mostly at our institutions. We commend the researchers who accomplished these tasks under
various resource constraints. We also wish to urge our other stakeholders to continue supporting our research institutions which are the
only dependable bedrocks on which knowledge can be built for the benefit of the whole country.
We would like to thank the Organising Committee of the 7th Symposium under the able Chairmanship of Dr. G. Hapanyengwi for a job
well done. We would like to encourage all to participate and make contributions to future symposia in order to further the development
of our country.
Contributors and observers at these S&T Symposia series will have noted that it had been 5 years since the last symposium. The
intervening period between 1999 and 2004, though no symposium was held, will perhaps be regarded as watershed for science and
technology in the country. It was during that period that the formulation of the Science and Technology Policy for the country was
finalised and adopted by the Government in November 2001. Its launch by His Excellency, the President, in June 2002 was yet another
public statement by government on its commitment to science and technology. Subsequent to the launch of the S&T Policy the Department
of Science and Technology Development was established and a Minister of State of Cabinet rank, Dr. O. N. Muchena (MP), was
appointed. Since her appointment in August 2002, the Honourable Minister of Science and Technology Development has worked
tirelessly at bringing science and technology to the centre of socio-economic development.

Dr. F.P. Gudyanga
CHAIRMAN, RESEARCH COUNCIL OF ZIMBABWE
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1.1

ADDRESS BY HIS EXCELLENCY THE PRESIDENT OF ZIMBABWE CDE R G
MUGABE AT THE OFFICIAL OPENING OF THE 7TH SCIENCE AND TECHNOLOGY SYMPOSIUM (September
1, 2004, Harare International Conference Centre)

Mr Chairman
Honourable Vice President, Cde Joseph Msika
Minister of State for Science and Technology Development, Dr
Olivia Muchena
Other Ministers here present
Honourable Speaker of Parliament, Cde Emmerson Mnangagwa
Members of the Diplomatic Corps
Senior Government Officials,
Members of the Research Council of Zimbabwe
Professor Mariam Ewurama Addy, our guest from the University
of Ghana
Distinguished Guests
Ladies and Gentlemen
Comrades and Friends
It gives me great pleasure to be addressing this scientific community
on the occasion of the 7th National Science and Technology
Symposium. The symposium is being held at a time when the
nation is focussed on socio-economic turnaround, a time of brighter
prospects for our country. The theme of this symposium “Impact
of Innovative Science and Technology on National Wealth
Creation” demonstrates your desire as a scientific fraternity to stand
up and be counted in this national endeavour. Indeed the cooperation of Government, industry and scientists is a prerequisite
for victory of the magnitude that we are seeking. I must therefore
commend the Research Council of Zimbabwe for its persistent
effort to bring decision makers, industrialists and scientists together
at these symposia to dialogue, forge alliances, build confidence in
each other, and drive home to our senses that we are players in one
national team.
In my inauguration address in 2002, I enunciated a ten-point plan
to national economic recovery. The ten – point plan, which my
Government is implementing comprises:
1.

The need to promote stakeholders unity of purpose and
consensus on the country’s home grown development
strategy based on self-reliance;

2.

The need to address, as a matter of urgency, the supply
and stabilisation of the food situation and ensure food
security at the national and household level;

3.

The need to complete the land reform programme and
embark on an agrarian reform agenda centred on wealth
creation and the economic empowerment of our communal
and the newly resettled farmers;

4.

The need to develop and promote an agro-based
industrialisation programme spearheaded by indigenous
entrepreneurs;

5.

The need to restructure and re-energise the informal sector
as a potential major engine of growth and contributor to
national GDP;

6.

7.

8.
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The need for a concerted and co-ordinated response to
the HIV/AIDS pandemic in terms of organising awareness
campaigns, undertaking preventive measures and effecting
treatment of opportunistic HIV/AIDS related infections;
The need to indigenise the economy which was hitherto
dominated by a few individuals and multinational
corporations especially in the areas of agriculture, mining,
manufacturing and tourism;
The need to pursue targeted State intervention and
participation in strategic areas of the economy in order to
achieve definitive strategic outcomes;

9.

The need to develop new markets in non-traditional areas
and to diversify the production of high-value exports; and,

10.

The need to resuscitate collapsed companies and
enterprises closed in the last twenty-four months or so as
measure of job creation and poverty alleviation.

I have taken time to give you this plan again so that as you go
about your research you engage yourselves in those areas that
contribute to the attainment of the objectives of the ten-point plan.
The challenge to you therefore as researchers is to develop a fresh
mindset, one that will unlock the local dollar from Government
and industry. In the past years, an over-dependence on donor
financing had emerged. Donor financing is good and is welcome
when it is genuine support for national development, or coming
for regional or international collaboration. Researchers, like
citizens in other sectors, have to be vigilant and shun engaging in
other people’s research agendas, or accept research funding that
compromises your individual and collective integrity and indeed
our national sovereignty. Government is waiting to receive, through
the Research Council of Zimbabwe, research papers recommending
solutions to the pressing challenges facing the nation. Some of the
papers can be selected from those presented at symposia such as
this one. For its part, the Research Council of Zimbabwe should
hasten to put in place mechanisms for prioritising research for the
purposes of guiding utilisation of scarce resources. It would be
desirable at the next symposium to have a large portion of the papers
presented being those funded on the basis of prioritisation.
The Research Council Zimbabwe has a legacy of being proactive.
Proactively, you started a series of these symposia in 1988, and
recommended the establishment of SIRDC, ZARNET, Biosafety
Board, and in the recent past, the adoption of the Science and
Technology Policy. Government commends you for those
achievements. Time has, however, come to measure the
performance of the institutions that you established and indeed all
the other research institutions that you may not have had direct
involvement in their establishment. The Research Act empowers
you with this overarching responsibility. Prioritisation of research
and performance measurement in relation to the achievement of
national development goals will continue to underpin the allocation
of resources by Government.
Zimbabwe must reclaim its leadership position with respect to
research results, which end up as viable economic products. My
Government, through the Department of Science and Technology,
has established the Innovation and Commercialisation Fund to
support the practical integration of research, innovation and
inventions, and enterprise development. In addition, my
government has committed itself to availing no less than 1% of
national GDP to support science and technology development and
application activities. A significant portion of these resources will
be disbursed through the Innovation and Commercialisation Fund.
We must create a vibrant research environment attractive to our
young scientists, a research environment that allows for interactions
with counterparts in the Diaspora for national benefit.
I am happy to note that this symposium has regional and
international participants. I wish you successful deliberations; and
those from outside our borders, I invite you to visit our tourist
attractions in Hwange, Victoria Falls and the Eastern Highlands
for your full enjoyment of our hospitality. It is now my singular
honour and pleasure to declare the Seventh Symposium on Science
and Technology officially open.
I thank you.
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1.2

SPEECH BY CHAIRMAN OF THE RESEARCH COUNCIL OF ZIMBABWE, DR FRANCIS P GUDYANGA AT
THE OFFICIAL OPENING OF THE 7TH SYMPOSIUM ON SCIENCE AND TECHNOLOGY: 1-3 SEPTEMBER
2004, HARARE INTERNATIONAL CONFERENCE CENTRE

Master of Ceremony, Dr Gilford Hapanyengwi, Your Excellency
and First Lady Cde Grace Mugabe, Honourable Minister of Higher
& Tertiary Education, Dr Herbert Murerwa, Honourable Minister
of State for Science and Technology Development, Dr Olivia
Muchena, Senior Government Officials, Professor Marian
Ewurama Addy, from the University of Ghana, Vice Chairman of
the Research Council of Zimbabwe, Professor Herbert Chinyanga
and other Members of the Research Council of Zimbabwe,
Symposium participants, Distinguished Guests, Ladies and
Gentlemen
On behalf of the Research Council of Zimbabwe it is my pleasure
to welcome you all to the official opening of the 7th National
Symposium on Science and Technology. In particular we welcome
you, Your Excellency, and are very grateful that you accepted
officiating at this event as one of your engagements of the day. I
would like to extend a special welcome to Professor Marian
Ewurama Addy from the University of Ghana who, at our invitation
to give the Keynote address, worked very hard to adjust her
international schedules in order to come to Zimbabwe. You landed
at the Harare International Airport a short while ago this afternoon
and are ready to share with us your thoughts on the vital importance
of Science and Technology for national wealth creation. Thank
you and very welcome, AKWABA.
The 7th Symposium on Science and Technology takes place 20 years
after the Research Council of Zimbabwe was established in March
1984 as an advisory body known as the Scientific Council of
Zimbabwe. Since 1984, 36 professionals have been appointed or
re-appointed to serve as Members of the Research Council of
Zimbabwe. In the last 20 years the government has accepted the
recommendations of the Research Council of Zimbabwe for (i)
the promulgation of the Research Act in 1986, (ii) the establishment
of the Scientific and Industrial Research and Development Centre
(SIRDC) in 1992, (iii) the establishment of an internet service
provider, the Zimbabwe Academic and Research Network
(ZARNET) in 1998, (iv) the establishment of the BIOSAFETY
BOARD in 2000, (v) the adoption of the Science and Technology
Policy document in 2001 and its launch in 2002.
In 1988 His Excellency, President Robert Mugabe inaugurated a
series of national symposia on Science and Technology of which
the present one is the 7th. The last in the series was held in 1999. It
is my intention to share with you my reflections on some of the
developments that have taken place between then and now. I have
already alluded to the formulation and launch of the S&T Policy.
Subsequent to that the Department of Science and Technology
Development in the President’s Office was established. This is a
move that has enhanced the popularization of Science and
Technology in the country. I like to believe that as a country we
now have a common understanding about the role of Science and
Technology for wealth creation. Zimbabwe is blessed with vast
mineral wealth, great agricultural capacity and rich diversity of
plants and animals. As the market value of these commodities
declines, Zimbabwe needs to stimulate the manufacture of valueadded products in order to compete in an increasingly technological
market place. This means making a political commitment to science
and technology as demonstrated by the establishment of the
Department of Science and Technology Development. However,
the focus of my brief address is on the impact on the scientific
activities as a result of other developments in the national life of
the country and what, in my view, our response should be.
Since about 1999 the country has been subjected to an
unprecedented onslaught essentially of a political nature. Sanctions
10
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that have been imposed over this period impacted negatively on a
number of scientific programmes. Up until then, a significant
amount of the research done in this country was donor-driven or in
collaboration with external actors, a feature that is true the world
over. Since then funds for scientific equipment and programmes
have been withdrawn by the external participants in the projects,
except in very few honourable exceptions. As a consequence some
research programmes have been scaled down or halted altogether.
Several promising research projects were abandoned mid-stream
meaning that investments that had hitherto been made on them
were written-off. Local funding for equipment and research
programmes and in some cases for maintaining the S&T
infrastructure has not been anywhere near what is required to keep
to same level as before, let alone to develop. Several Research
Groups painstakingly built over several years in our universities
and research institutions were disbanded. All this has been
accompanied by, or has precipitated, an exodus of many researchers
including senior ones who, under normal circumstances, would be
relied upon to be mentors of the upcoming young scientists. This
phenomenon is commonly or comprehensively referred to as brain
drain. I recount these developments not to wish back the days
when donor-funding dominated our research agenda. On the
contrary I am persuaded to agree with the observation made
elsewhere that donor funding may have the same effect as sleeping
pills. My purpose in making these observations is to highlight three
considerations that I think are vitally important for our way forward.
1.

We cannot rely completely on donor funding for research in
areas of strategic importance such as food security, health,
ICT and national security. Local funding at meaningful levels
is vital. The successful agrarian reform runs the risk of being
discredited because of insufficient inputs, which are imported
instead of being manufactured here if adequate R&D
investment is made. The spectacle of water rationing in our
municipalities because of shortage of chemicals amidst an
abundance of the right raw materials to make these chemicals
makes a mockery of our commitment to science and
technology. It has been successfully argued that with additional
resource allocation into our ICT sector the country has the
potential to earn foreign currency from the export of software
products developed locally. The Department of Science and
Technology Department is to be commended for taking the
lead in rationalizing ICT investment and development. As
Research Council of Zimbabwe we have urged that in the health
sector, part of the AIDS levy be channelled to research and
development for local capability to mitigate the effects of the
pandemic if not to find a cure for it. Here we have a good
example of substantial local funding raised for solving a
national calamity.

2.

Concerted commitment. By its very nature R&D investment
is very expensive and of a very long term. I was gratified to
hear at this symposium from captains of industry themselves
that they recognize this fact and are prepared to play a
meaningful role. In the period 1965 to 1980, the UDI years,
some industrialists and scientists used very innovative means
to keep the system going. That kind of commitment is what is
required. The advanced economies achieved this because of
the commitment of the industrial and financial sectors that
incidentally are the chief beneficiaries of the R&D. We
therefore need the combined commitment of industrialists,
scientists and government decision makers working in tandem.
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3.

Forging constructive linkages with global science. No matter
how much funding we invest in science and technology, and
no matter how many dedicated patriots give themselves to this
endeavour, Zimbabwe cannot by itself develop all the science
and technology it needs. We need to import some S&T from
the rest of the world. This is best done when we have formal
and informal links with global science. I am happy to report,
Honourable Minister, that the Research Council of Zimbabwe,
has over the years, forged those links on the basis of
collaboration. We have a beneficial relationship with the Third
World Academy of Sciences who are making a prize award to
a young scientist at this Symposium. This is meant to
encourage other young scientists to engage themselves in
meaningful research locally. The same is true of the
International Science Foundation which has, over the years,
supported research by young scientists in this country. The
RCZ is a member of the NAM Centre for Science and
Technology with whom we compare similar S&T challenges
and solutions. Before 2003, we were active in the
Commonwealth Science Council. By far our greatest
international collaboration has been with the International
Council for Science, ICSU. ICSU, founded in 1931, is a nongovernmental organisation representing a global membership
that includes 101 national academies of sciences or research
councils and 27 international scientific unions. Zimbabwe
(through RCZ) joined ICSU as an Associate Member in 1989
and was accepted as full member in 1999. Prior to the World
Summit for Sustainable Development in Johannesburg (2002)
the Research Council of Zimbabwe made significant inputs
into S&T pre-Summit planning for the ICSU Series on Science
for Sustainable Development. Next month Zimbabwe will
play host to the First ICSU Africa Regional meeting at which
scientists from sub-Sahara Africa will draw up priorities for
the region. Implementation of these priorities over the coming
years will be driven by an Africa ICSU Regional Office in
Pretoria assisted by a pan-African Regional Committee. This
is an initiative of the international scientific community aimed
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at both strengthening regional scientific networks and bringing
developing country science into the international arena. For
this initiative the developing countries are divided into four
regions: Africa, Latin America and the Caribbean, Asia and
the Arab World. The Harare meeting will be the very first in
all these regions.
Your Excellency the 7th Symposium on Science and Technology is
taking place amidst mixed fortunes with respect to research
prospects in this country. The papers that are being presented are
results of local research. This is a sign of hope that despite the
inhospitable scientific environment, meaningful research is taking
place. I would like to pay a special tribute to all the presenters.
Without them, the symposium would be a non-event. In fact it
would be meaningless to organize one. A book of abstracts of the
papers that are being presented at this symposium is already
published. The RCZ will publish the proceedings of the full papers
shortly. We hope that the young scientists at this symposium and
those who will read about it will derive some inspiration to become
committed cadres of science and technology in future.
In conclusion I would like to thank the Honourable Minister of
State for Science and Technology Development for nurturing the
symbiotic relationship with the Research Council of Zimbabwe
and for her assistance in very many ways in the preparations and
holding of this Symposium. I would like to thank the Organising
Committee for the Symposium under the leadership of Dr Gilford
Hapanyengwi, a member of the Research Council of Zimbabwe
from the University of Zimbabwe. I would like to thank the
Biotechnology Trust of Zimbabwe for taking over the overall
organization of the Symposium while the RCZ’s own Secretariat
is taking shape. I like to pay tribute to my colleagues in the Research
Council of Zimbabwe for their collegial spirit of cooperation in
the preparations for this symposium and other RCZ duties.
Thank you for all your attention.
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SCIENCE IN AFRICA AND WEALTH CREATION
Professor Marian Ewurama Addy, University of Ghana

I would like to express my appreciation to the Research Council of
Zimbabwe for the honour done me by this invitation to be the
Keynote Speaker at this 7th Symposium on Science and Technology.
I am aware that Dr Francis Gudyanga had a hand in this invitation
since he knows of my appointment as the Chair for the International
Council for Science’s Policy Committee for Developing Countries.
But I have yet to carry out even one assignment as the Chair for
that committee and so I assume that he invited me trusting that I
will be able to shoulder the responsibility. I hope that I will not
disappoint you, and that you will like the things that I am going to
say, if not all of them, at least some of them. It is difficult to
address an audience that you know very little about. If it is any
consolation, please note that I am speaking with sincerity and
honesty. Once again, thank you very much for the invitation.

of today, usable knowledge has become the key to success because
it creates wealth.

I notice that Zimbabwe has formulated, adopted and launched a
national Science and Technology Policy. That is very commendable
and the fact that His Excellency the President himself is here to
open this 7th in a series of symposia on Science and Technology in
this country is a testimony to the commitment of His Excellency
and his government to see to the progress in science and technology
in this country. Without such commitment, both science and
technology and the country will not be able to advance.

There can be no peace without development and
no development without peace. Science has been
used for coping with basic human needs in food,
water, energy, healthcare, environment
protection and in the alleviation of poverty. It
must now be used to promote international
cooperation, democracy and peace.

The theme chosen for this 7th Symposium: Impact of innovative
Science and Technology on National Wealth Creation, with a
number of sub-themes is very appropriate in this era of globalization
when scientists are no longer the docile people with philosophical
minds who are only interested in understanding how nature works,
and are content to talk about what they have discovered in their
own academies or societies. In this era of techno-science, scientists
want to be at centre stage in the process which turns their
innovations and inventions into great wealth. Should we in Africa
follow the same route or should we do something different? Can
we do something different?
Wealth creation is a good idea that every one would like to embrace.
Perhaps we should define wealth creation so as to avoid possible
misunderstanding, before proceeding further.
Wealth is the abundance of valuable material possessions or
resources. It can also mean the abundant supply of materials. All
property that has a money value or exchangeable value is wealth
and so are all material objects that have economic utility. Creation
is the act of making, inventing or producing. It is original, first,
new and usually striking. Generally, we create to satisfy a need, to
fill a vacuum or to improve. For wealth creation we need to have
marketable products.
Everybody would like to create wealth and therefore, to be
successful at it we need to be imaginative, innovative, and
productive. The sellable item must be unique in order for this
success to be achieved. For this property of uniqueness, the local
environment must play a part and there must be an input from
indigenous knowledge, because there is no substitute for indigenous
knowledge which makes the sellable item unique.
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Wealth and wealth creation were no motives for the early scientists
who were philosophers, interested in knowledge of natural
phenomenon for its own sake. Over time the knowledge was
utilized generally for the benefit of humankind although there were
some abuses. The scientists had no wealth; those who had wealth
were the artisans and tradesmen, who worked with their hands.
More wealth was created when the scientists and workmen came
together, because both complimented each other and the outcomes
were usable innovations and inventions. The craftsmen would tell
the scientists what innovations were useful in the field and the
scientists kept improving whatever was found useful. For scientists

Science in the “North” is geared towards wealth creation. We are
following suite although our environment is different. When we
do science, we seem to create wealth for others and very little for
ourselves in the process because our environment is different.
Wealth creation cannot be done without (outside) environmental
considerations. If we continue to do science without reference to
what we have in our environment, (and by that I mean not only the
natural resources but the environment in the social and economic
contexts), we are not likely to create wealth.
According to one UNESCO document on science,

According to the Ghana National Science and Technology Policy
document the vision for science and technology is to support
national socio-economic development goals with a view to lifting
Ghana to a middle level income status by the year 2020 through
the perpetuation of a science and technology culture at all levels
of society. The objectives set out in the document are to:
1.
2.
3.

Seek to master scientific and technological capabilities;
Develop infrastructure which will enable industry and
other sectors of the economy to provide the basic needs
of society and for the citizenry; and,
Adopt a scientific and technological culture.

Assuming that the National Science and Technology Policy for
Zimbabwe is similar, what we are saying is that for us at present,
science is not for the promotion of democracy, although such
promotion is important. For us, science is, or rather it should be
for coping with the basic necessities of life. In fact, we have to
acquire the capabilities first and then use them to provide
improvements in the basic necessities of life, especially those
guaranteed in the constitution namely, food, shelter and clothing.
But we should do this not at the expense of our culture but in its
milieu. Lydia Makhubu, the one time Vice Chancellor of the
University of Swaziland and President of the Third World
Organization for Women in Science, puts if beautifully thus:
The greatest challenge therefore, facing
advocates of science-led development in Africa
today is devising mechanisms to fuse science and
African cultures in such a way that science
becomes a driving force for the improvement of
the overall quality of life for all people.
What should African scientists and technologists do for wealth
creation within our environment? The coming together of scientists
and artisans is still relevant. However, for us in Africa, the
innovations and inventions, the outcome for this coming together,
should first be for human development, the indications of which
are education, health and livelihoods. Wealth for all, or common
wealth is what we should aim at, because affordability can become
a problem if the wealth created is not shared by all. Perhaps, we
should give a fresh meaning to, or refresh our memories of the use
of the word “Commonwealth.”
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How do we achieve this feat? We have to do this through innovation
within our tradition.
There is novelty in innovation and there is a sense of immutability
in tradition. The phrase ‘innovation within tradition” therefore,
appears to be contradictory.
Innovation, by definition, is the introduction of something new; a
new idea, method or device. The novelty in innovation is due to
changes made to an old idea or device or an existing way of doing
things. It is different from invention or inventiveness in that
although there is newness in both through findings or discovery,
the novelty goes deeper with invention, in that with invention the
newness is more complete and far reaching; something completely
new is brought into existence and not by addition to an existing
one; there is creation of an idea, method or device. Innovation
does not require starting afresh; it requires rather an old existence,
which could be our tradition.
Tradition, by definition, can be:
•
•
•

The handing down of information, beliefs and customs
by word of mouth or by example from one generation to
another without written instruction;
An inherited pattern of thought or action (as a religious
practice or a social custom);
Cultural continuity in social attitudes and institutions.

With respect to the first definition above, the fact that the
information, beliefs and customs are handed down without written
instruction is interesting. Perhaps it is advantageous that the
information, beliefs and customs are handed down without written
instruction because the implied absence of (reliable) documentation
could be interpreted to mean that these traditions are not carved
out of stone and therefore may be modified in accordance with
prevailing circumstances. The modification may not necessarily
be an innovation, but it could. Therefore, those of us who hold the
view that traditions are so sacrosanct that “the old order changed,
giving place to new” should not be heard in our corridors had better
take heed and recognize the importance of modification.
The second definition, stressing the inherited nature of tradition,
provides yet another avenue for modification which could lead to
an innovation. The science of genetics tells us that we inherit our
genes from our parents. It is a handing down process. When we
inherit a particular gene from our parent, we are said to have the
same genotype. The gene inherited is expressed outwardly as the
phenotype. The inheritance of genes makes interesting reading
with respect to the completeness or otherwise of the traits handed
down in the phenotypic expression. Some traits are inherited with
hardly any influence from the environment so that the phenotype
is an exact copy of the parent’s. An example is hair colour. With
some other traits such as height, the phenotypic expression of the
inherited gene depends a lot on nutrition, which is an environmental
factor. There is more. The proportion of individuals of a particular
genotype that express its phenotypic effect in a given environment
is referred to as the penetrance of that gene. This means that you
can have a gene and not express its phenotypic effect in a particular
environment; that is, inheritance does not necessarily come with
outward expression of what has been inherited; the environment
must be right. Therefore, the environment can, and does modify an
inherited pattern, and indeed the modification can be to such an
extent that innovation results. If this is true of natural phenomena
such as the inheritance of genes, it is certainly true of tradition,
which is not even the inheritance of thought or action but rather
the inheritance of pattern of thought or action. Modification is
possible because a pattern in nothing more than a model proposed
for imitation.
The third definition emphasizes the continuity aspects of tradition
but places it in a social context. Culture, social attitudes and
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institutions are dynamic concepts and therefore it is possible to
change or modify them and through the modification introduce
something new.
The foregoing exposition indicates that the phrase “innovation
within tradition” appears to be contradictory only when one takes
a cursory look at the phrase. When considered painstakingly, not
only will we find that there is room for innovation within tradition,
we may also find that by maintaining the bases of our traditions
and making modifications where and when necessary or
appropriate, we can make innovations work for us positively,
especially in those places where sustainable development has
eluded us. We should use innovation within tradition to provide
us with a unique way of developing our resources through science
and technology, and thereby create wealth in a sustainable manner.
Everyone knows that innovation is part of science and technology,
especially when it is considered in the context of findings and
discovery. As science progresses, especially when scientists interact
with industry and society at large, new ideas are generated and
methods and devices are produced to drive new technologies for
new and better ways of doing things. The people in the field tell
the scientists what they would like to have or use and this is what
drives the scientists to make the necessary modifications to come
up with the type of innovations that society want or is likely to use.
Even without the initial input from society, scientists could add
novelty in what they are doing and try and sell the innovation to
society if what they find is useful. Of course it is better to interact
with society before putting more efforts into the innovation.
Innovations come out of science and technology all the time:
•
•
•
•
•

Pen drives instead of floppy diskettes or compact discs
drives for computers;
Mobile telephones instead of fixed line telephones;
White board instead of black board in the classroom;
Digital machines instead of analogue ones; and,
Examples of locally-bred food and cash crops.

As indicated in the above examples, innovations in S&T are not
drastic changes but relatively mild ones. You cannot depart too
much or too quickly from the existing situation otherwise the
acceptance of the innovation can become a problem. All categories
of human beings want the new things; they keep buying them and
that is why innovation is driving the large world economies. If we
want wealth creation, we have to innovate or invent. As mentioned
earlier, inventions are different and have far reaching consequences,
especially with respect to problems associated with intellectual
property rights, which I will not go into. Innovation in science is
normal because any inference or prediction, which is a hallmark
of any scientific endeavour or experimentation, illuminates the path
to innovation.
What should we do to make innovation within tradition create
common wealth?
People buy new things all the time. We actually look for money to
buy the new things. This is an indication that people recognize
and go for improvements. However, in Africa we tend not to
demand improvements in what we produce. It is probably one of
the reasons why our people tend not to innovate. It is also possible
that the additional payment for the improved product poses a
problem, and that is why the wealth (to be) created ought to be for
all and not for the vanguard minority.
For science to put us in a position for wealth creation for all, we
ought to be in position to be imaginative, innovative and,
productive. Do our scientists possess these qualities? Does our
current mode of science education allow us to produce such
scientists? Science is acquisition of knowledge by experience,
study or observation. It is nothing more than principles and
procedures for the systematic pursuit of knowledge, and it involves
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recognition and formulation of a problem and the collection of
data through experimentation. For such a process it is better to
start the requisite training as early as possible. Yet in our
educational system, science education starts rather late.
I can tell you where science education starts in earnest in Ghana,
at the secondary school level. It is likely that the situation is the
same in Zimbabwe. If it is not and the teaching of science in earnest
starts earlier than in the secondary schools, then you are doing
better because for science education, the earlier it starts the better.
Even at the secondary school, scientific material taught, although
necessary, could be alienating. Let me cite a few examples. The
students are taught topics such as the elements in the Periodic Table,
pi (ð) or sigma (ó) orbitals, etc. in chemistry. In biology they are
taught parts of a flower, classification of insects, mouth parts of a
cockroach and so on. Different components of light, wavelengths,
etc. are taught in physics. What does a teenager have to do with
sine and cosine at that age when she is learning mathematics? Do
the teachers care about the relevance of these topics or concepts to
materials in the environment? If they do, all will be well. Generally
they do not and the reference to the materials in the environment is
tentative. A sizeable proportion of students are “lost” to science at
this secondary level.
We all tend to think that there is better understanding of the scientific
material taught at the tertiary level, but only in terms of concepts.
In most African countries, the practical component is largely
missing and the relevance of what is being taught to what is
important to the country could still be a problem. In our universities
and research institutes there are very few seasoned professors at
whose feet the young scientists in training can learn. It is as if
there are very few “Master Craftsmen” for scientists in training.
We cannot produce scientists who are imaginative, innovative and
productive if the curriculum is too rigid and we continue to learn
to pass examinations and not to obtain what will help us improve
our local technologies. Currently, in many of our countries,
scientific training is supply-driven instead of being demand-driven
and so we have graduates who leave the science and join the work
force in an environment quite unrelated to what they studied while
in school. We cannot create wealth with such scientists pretending
to work for the nation. We have to constantly reform our (science)
educational system to ensure that it produces scientists who can
create common wealth, especially if we are paying for the education.
After we have done enough scientific work to take care of the basic
necessities of life, we can then tackle scientific work in areas of
competitive advantage and this would be different for the different
countries. We may also organize a research group around a common
area of competitive advantage and an area that comes to my mind
is bio-pharming or phyto-pharmaceuticals. I would like to use one
of the sub-themes for this 7th Symposium on Science and
Technology to illustrate the point I want to make as I conclude this
address.
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One of the sub-themes is Impact on HIV/AIDS and other
pandemics. I noticed from the sessions that, not only is there a
plenary presentation on HIV/AIDS research, but also there is an
indication that the Zimbabwe Human Development Report for 2003
was on HIV/AIDS. The Ghana Human Development Report for
2004 is on HIV/AIDS and the theme is Breaking the HIV/AIDS
Chains: A Human Development Challenge. I would like to know
what the scientific community, not the medical community, in
Zimbabwe did or is doing in relation to this menace and hopefully,
I will find out tomorrow from these plenary sessions. Before I do
that I would like to share with you some information that I came
across only two weeks ago when we organized the First Scientific
Meeting for the Western Africa Network of Natural Product
Research Scientists (WANNPRES).
WANNPRES is a regional network that I formed when I was the
Regional Secretary for COSTED. Fortunately, when the sun set
on COSTED, it did not set on WANNPRES. At this First Scientific
Meeting, we got to know how collaboration between people with
indigenous knowledge and those with scientific knowledge can
lead to wealth creation for a community.
Herbalists or traditional medical practitioners (TMPs) are the
custodians of indigenous knowledge with respect to how our people
treat themselves. Most of the time, scientists and clinicians either
ignore them at best, or treat them with contempt. Governments
also tend to ignore them. The TMPs in Burkina Faso believed that
they had an herbal treatment for HIV/AIDS. Fortunately, these
TMPs were not ignored, probably because they came together and
spoke with one voice. Scientists teamed up with them to provide
evidence-based approach to solving a health problem, the
government contributed by requesting financial help from
developing partners through WHO/AFRO, and now Burkina Faso
has effective plant-based anti-retroviral therapy that belongs to the
people! Wealth will be generated and it will be common wealth.
Why am I excited about this discovery? People tend to think or
behave as if herbal preparations that are used to manage HIV/AIDS
only treat opportunistic infections; as if something as good as ARTs
cannot be in herbal preparations; as if such good things must always
come from the “North”. With such attitudes, people will not even
look for such drugs from among the armamentarium of the TMP.
Rather they go begging for the countries, which produce the ARTs
to reduce the price so that the drug will be affordable, instead of
looking inside to produce something of our own that others too
can use and pay for. To me, this Burkina Faso experience is an
example of how we can inject innovative science and technology
into or tradition to create national wealth, common wealth or wealth
for all to share.
I think I have said enough. Thank you once again for the
opportunity to address such an august gathering and may the good
Lord continue to bless all of us.
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KEY NOTE PAPERS PRESENTED IN PLENARY
SESSIONS
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SCIENTIFIC RESEARCH AND DEVELOPMENT IN ZIMBABWE-DOES IT FEED INTO INDUSTRIAL
DEVELOPMENT?
Mike Ndudzo, CEO, Industrial Development Corporation of Zimbabwe Ltd

PREAMBLE
The Industrial Development Corporation (IDC) is a national
corporate entity created to accelerate industrial development
through identification of market opportunity, mining and
agricultural resources, and design, procurement and installation of
appropriate technical and technological processes and operations
and maintenance thereof as new commercial enterprises or
rehabilitation of existing ones.
VISION
The Corporate Vision is to be leader in establishing new exporting,
manufacturing and service undertakings for Zimbabwe and to
become a centre for industrial opportunity, research and
commercialisation in Zimbabwe.
INSTITUTIONAL COORDINATION

•
•
•
•
•
•
•
•
•
•
•

Platinum into catalytic converters and jewellery,
Ferrochrome and nickel into stainless steel,
Dimension stone into tiles and cladding for construction and
kitchen table tops or ornamental stone,
Limestone into agricultural lime and cement,
Steel into motor components,
Copper into refrigeration and plumbing tubing,
Groundnuts, soyabeans, cotton, corn, sugar cane into
stockfeeds, edible oils and syrups, alcohols etc,
Coal into coke and liquid solvents like benzene, toluene,
creosote, coal, tar, fuel, thinners or
Sand into silicates, foundry moulds, glass and other fillers,
Avocado into edible oil or skin care cosmetics or
Oranges, mangos, granadillas, bananas into fruit pulps and
juice concentrates or
Tomatoes into purees, sauces, or
Paprika into stockfeed oleoresin oils or
Cotton into yarn, fabric and garments or
Tobacco into cigarettes or
Pine timber into doors, baby cots or
Hardwoods into furniture.

In order to coordinate this national role with other related
institutions, the Corporation has entered into a formal agreement
of cooperation with SIRDC, so that it becomes the point of first
refusal for commercialisation of their research programmes and
SIRDC becomes the point of first refusal for any research work on
appropriate technology solutions for any new or rehabilitation
project for the group.

•
•
•
•
•
•

The first project was on market research into the design of a cheap
solar radio for extension information dissemination to the new
farmers and SME business sector in general.

Agrarian reforms can benefit from imported inputs with economical
transport requirements to convert near market cost effectiveness.
It also requires plastic containers and full range of injection and
blow moulding products and aluminium irrigation extruded pipes.

The same is being done with ARDA on the provision of adequate
feedstock of agricultural inputs to agro processing plants. A draft
agreement on similar cooperation with the Inventor Association,
including sponsorship of awards is being processed.

Networking Approach Projects

PLANNING FOR NEW PROJECTS
Project concept initiation
This starts with researched, accidental, or incidental identification
of market opportunity for target product specifications and market
segments. It could come from a common problem or need
identification, say water purification chemicals, and those for TB
and HIV treatment. This includes drugs for exterminating known
pests like rats, mice and grain borers, or those for foot and mouth
disease as well as malaria.
This could be policy initiation based on statistics of imports into
the country. The policy initiatives could be directed at target markets
in other countries or global growth sectors like information and
communication technology (ICT).
Design
Science and technology is about design of product specification
and process or formulation thereof if liquid or mechanical or solid,
in an input-output fashion.
Mechanisation is part of the agrarian reform needs for farmer
productivity and brings in the issue of irrigation and harvesting
equipment, implements, tractor assembly and spares. The needs of
the new farmer production structure require an appropriate
technology that is affordable and effective, coupled to distribution
systems to enhance accessibility.
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Agrarian reform also needs health remedies for livestock and
pesticides for crops and the equipment for application of these in
the field. It can also start from identification of natural resources
and potential process technology for value addition e.g.

An infrastructure and resource endowment study focusing on
Growth Points was conducted in collaboration with the Department
of Physical Planning of UZ.
The agrarian reform presents opportunity for value addition of both
staple and commercial crops and livestock.
The research conducted so far with Arex as consultant, was a
national geographical and product output map specifying crop,
hectrage, yield and output estimates.
This means attending investment conferences, engaging established
brand names or potential inventors and using their market
knowledge for joint prefeasibility, market access and capital
investment, technology transfer and technical support.
Existing investors also offer a captive relationship to be nurtured
and developed into new investment areas of core competence and
as role models to influence new investors.
Hands on Approach
This was designed to seek stakeholder contribution to definition
of needs.
The second approach was a physical tour of the country by
provinces where stakeholder workshops were held in Mutare,
Bindura, Marondera, Matebeleland North, Matebeleland South,
and the Midlands.
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These tours were followed by visits to districts and actual project
or production sites at grassroot level including Binga, Gwanda,
Rusitu and Honde Valley, Beitbridge, Chiredzi, Gokwe, and
Chisumbanje.
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•
•
•
•
•
•

Animal and Public Health Division of Chemplex
Dips and disinfectants
Animal oral and injectible remedies
Household antiseptic
Rodent and cockroach killers
Detergents

Consultative workshop Approach
The final preparatory stage was a value chain production and
process and investment opportunity assessment for value addition
and twenty five such product specific workshops were held by IDC
covering citrus, horticulture, floriculture, paprika, tomato, wheat,
barley, honey, mushroom, solar appliances, motor componentry,
groundnuts, soyabeans, poultry, piggery, dairy, beef, leather, cotton,
hemp, jetropha, and cotton.

There is a total of 23 products already under formulation, process
manufacturing design, and packaging, in production and on market.
There is a brand new state of the art factory to be operating at the
Sunway City Park starting this month.
Using adapted and adopted technology,the following:

These workshops were documented as user friendly pamphlets for
distribution at investment conferences and trade fairs and sale to
the public at nominal cost recovery basis.

•
•
•
•

Knowledge Database Approach

•

This involves systematic storage, filing and sorting of researched
data into a form that can be used by investors to evaluate investment
feasibility
Royalty and Market Brand Approach
There is a need to identify established product brands and
supporting technology bases and induce investment partnerships
to gain market access and capital input, or pay brand royalties.
Horticulture research is based on subscription of royalties
The Effective Execution Approach
Each identified opportunity then goes on a market, investment
technology and financial evaluation prefeasibility. If the feasibility
assessment is positive, then a detailed engineering and financial
structuring bankable study document is prepared.
A corporate structure is registered and corporate governance and
management systems are put in place to drive the execution. This
will involve sourcing of funding, partners identification, procure
requirements, install the plants, operate, maintain and market as a
sustainable business.
The following are some IDC projects at different stages of
execution. IDC Agrotech is such an example for all agro-processing
projects, Sunway City for the Industrial Park, a new enterprise for
motor componentry, Lupane Gas Company for coal bed methane
and Zimchem for coke oven residue distillation and refining and
IDAI for cotton input scheme.
TECHNOLOGY ASSIMILATION
Technology is either adapted, adopted or created.

•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

All food product and alcoholic imported brands
Refurbishment of computers and PABX systems
Motor assembly, WMMI
Glass foaming for containers and glazing, Zimglass and
National Glass
Spinning, weaving, knitting, dying and printing cotton and
polythylene bags and acrylic fibre for blankets, Modzone
Cutting and polishing granite, Stone Holdings
Cement tiles and pipes manufacture, SZCC
Extruding, anodising and powder coating construction
aluminium profiles, Almin Metal
Extruding irrigation tube and accessories, Almin Metal
Copying design and fabrication of military field kitchens,
Deven
Printed circuit boards for electronic processors designed by
SME, Communication Systems (Pvt) Ltd
Assembly of military radios
Canning green beans and baby corn, Bonnezim
Dried, milled, pulped banana, mango, pineapple and other
horticultural produce, IDC Agrotech
Sand mining, separation, cleaning, drying and packing,
Industrial Sands
Foundry casting, milling, blow and injection moulding and
foaming
Foundry Casting and polishing tableware and kitchenware
Furniture design and manufacture, NFI
Garment design and manufacture, Delswa
Fertiliser production, Zimphos, Dorowa, Sable and ZFC
Metal cutting, bending, welding into bus bodies, trailers, Deven

The technologies used have been commercialised after paying
copyrights fees, or
•
•
•
•

Equitising source into the entity as joint partner or
Franchising or
Simply copying lapsed copyrights or
Creating our own through product and manufacturing process
and equipment design, prototype tests, registration, packaging
and market distribution.

Production systems can be arrived at accidentally or driven by
need and adversity. Adversity is widely known to be the mother of
invention.

Examples of original research commercialised:
•
•
•
•
•
•
•
•
•
•

Tsetse control
Seed varieties from seedhouses
Blair toilet
Certain implements for land preparation
Pesticides
Animal vaccines and pedigree
Demining landmines
All local food and alcoholic product brands
All skin and hair care cosmetics
Traditional medicines

Technology and Research
These activities underpin the whole basis of the value chain
including management and administration thereof. To be effective,
they should entail:
•
•
•

Determining target product which is either commodity or niche
differentiated product.
Determining target market specification and product life cycles.
Designing prototypes, testing production and use thereof.
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•
•
•
•
•
•
•
•
•
•

Registering copyrights to protect research cost and safeguard
market share
Market share and competitive supply structures, segments,
affordability, access and product specifications of design, price,
delivery and financing thereof.
Competitive procurement, storage, plant location relative to
raw materials, infrastructure, markets, transport and
distribution logistics.
Alternative handling, process technology and sources
Minimum economic production process technology plants and
matching to target market volumes.
Matching investment cost to target market values and returns
thereon.
Packaging like the tetra packaging which is preservative free
Evaluating availability and estimating costs of all factors of
production for given target volumes of output and capacity
utilization.
Comparing ex-factory costs with landed costs of substituted
local and imported products at market destinations
Determining the cost effective mode of transport to market,
including mode packaging, including aseptic containers,
drums, bottle, plastic, palletized, wooden crates.
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•
•
•
•
•
•
•
•
•
•
•
•
•

Little corporate strategy and budgeting due to monopoly and
oligopolistic market, currency and tariff structures
Production driven mindsets from import substitution era
Research programmes have been donor funded and results tied
to them, but offering attractive funding for research fellows
Minimum fiscal resource allocation for institutional capacity
building and target programmes
No documentation and dissemination of research results to
target users.
No public/private partnership approach
No policy, legal, administrative or institutional coordination
of activity
No information databases
No research culture in corporate strategy formulation
No respect for scientific research as basis for policy
formulation and impact assessment
No respect for research project failure as part of innovation
process
No sponsorship of innovation and invention or support of
prototype, and commercialisation
Most research through multinational home base transferred
as final product with secret formulae

Technology Financing In Other Countries

WAY FORWARD

Technology is financed by the public for example through the
Defence budget. It is known that microcomputers in the US were
initially funded through the Defence programme, NASA space
programme, nongovernmental agencies, research and tertiary
institutions and medical schools.

Introduce industrial sector board representation on councils of all
tertiary institutions.

Corporate allocation of a percentage of budgets towards technology
financing is greatly encouraged. Globally some corporates allocate
up to 5% of annual turnover towards technology acquisition. In
today’s economies, this is a commercial requirement to keep up
with the competition on product life cycles and market share.

•
•
•

Assign sector responsibility for research according to resource
and production area in which each is located
Use students as research assistants to gather data with technical
supervision of lecturer and work specification from users
Plan and execute market and development need based
programmes based on better utilisation of existing institutional
capacities.

Research Policy Exists
Zimbabwe’s Case
Research by research institutions suffers both from under funding,
limited market and economies of scale.
Most corporates have a limited financial capacity to fund research
programmes in a significant manner.
Challenges of Capacity to retain research skills
•
•
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Conflict of interest between revenue raising programmes and
core research business.
Research not market driven

•
•
•
•
•
•
•

Fiscal incentives exist but could be enhanced to entice private
participation.
Copyright legislation exits but enforcement must be easy and
effective.
Undertake survey of market and development needs as basis
for programme of action.
Expand research council to cater for all sector users
Sponsor invention and innovation awards.
Educate and bring awareness on strategic importance of
corporate survival globally.
Demand researched evaluation as a basis for national policy
formulation, execution and evaluation.
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THE ROLE OF PRIVATE SECTOR IN SCIENCE AND TECHNOLOGY DEVELOPMENT

Luxon Zembe: President: Zimbabwe National Chamber of Commerce
SYNOPSIS
Everything not provided for by mother nature, whether in business or
everyday life, is in one way or the other, directly or indirectly, a creation
of science and technology processes. Even the means of exploiting
material and animate things God created, which empowered us to have
dominion, requires science and technology intervention. Production and
service delivery entails science and technology. Products and services
offered are innovations of science and technology. Even our ability,
capability and capacity to competitively produce or provide services
locally and on the global arena is determined by our scientific and
technological capabilities and capacities.
At national level, industrialised countries have achieved their economic
success through the active participation of the private sector in
development of unique, appropriate and competitive technological
innovations. At corporate level, companies that have wisely invested in
appropriate product, production and process technology through either
acquisition or research and development skills have been able to compete
successfully and sustain their operations against hash realities of the global
business environment. For private sector businesses, it is not an option
to invest in appropriate science and technology development. Rather,
the question is, what should be the corporate strategy aligned to national
industrial development strategy? For example, how capable are we in
import substitution, value addition, product beneficiation or
internationally competitive service delivery? What should be the areas
of strategic focus? How should we go about it, eg alone, collectively and
as an industry, through synergistic partnerships with appropriate
universities or centralised national research institutions? How much
should we be investing in science and technology development to realise
our corporate and national objectives? Where national resources are
pooled or invested, how do we ensure absolute accountability by those
responsible? How do we ensure national ownership and security of our
innovations?

Indeed, experience worldwide has shown that the private sector has a
critical role to play in science and technology development for national
wealth creation. In fact, it should be the key driver.

SCIENCE AND TECHNOLOGY DEVELOPMENT
Benefits for Companies
•
•
•
•
•
•
•

Technological capacity and capability
Quality Improvement
Productivity enhancement
Competitiveness on quality, price and delivery
Economies of scale
Quality service
Product beneficiation and value addition

Sources of funding
•
•
•
•

Private research bodies such as; Tobacco Research Board by
the tobacco industry and farmers and the Pig Industry Research
Board
Fiscal budget allocation
Donor funding
Income generated from activities

Industry’s Role can be summarised as follows:
•
•
•
•
•
•
•

Funding industry related research
Sponsoring research students
Joint research programs with research institutes
Testing research products
Donating funds and equipment, which is tax deductible
Providing practical attachments for research students
Company based research and development
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ADVANCES IN INFORMATION AND COMMUNICATION TECHNOLOGY: CHALLENGES AND
OPPORTUNITIES FOR ZIMBABWE
Dr. Gabriel Kabanda, TeleAccess

ABSTRACT
Information and Communication Technology is important for Zimbabwe
in the pursuit of its national development goals through higher levels of
competitiveness, allowing sustainable and equitable economic growth.
Telecommunication, broadcasting, computer hardware and software, and
related technologies could emerge as strategically important factors for
social and economic changes. However, if they are not implemented
properly and carefully, the same technologies could contribute to the
imbalance between rich and poor, powerful and marginalized. In the last
24 months, however, advances in wireless telecommunications
technologies (satellite and terrestrial) combined with a dramatic reduction
in equipment costs are creating opportunities for ICT investments in deep
rural communities. An inclusive global information society is one in which
all persons, without distinction, are empowered freely to create, receive,
share and utilize information and knowledge for their social, economic,
cultural and political development. By harnessing the potential of
information and communication technologies, in all areas of human life,
we can now contribute to new and better responses to vital and
longstanding issues, such as in poverty reduction and wealth creation, as
well as equity and social justice. Knowledge has always been at the core
of human progress and endeavour. Yet now, as never before, knowledge
and information constitute one of the fundamental sources of well-being
and progress. Our individual and collective ability to create and share
knowledge has become one of the driving forces in shaping all our futures.
The purpose of this paper is to present the challenges and opportunities
for Zimbabwe in the advances in information and communication
technology. The paper also examines patterns of ownership, utilization
and affordability of ICTs within countries in Sub-Saharan Africa (SSA)
and South Asia; discusses experiences of extension of access and
applications of information technology by the private sector, the
Government and external donors; and suggests ways in which information
and ICTs can best be used in poverty alleviation strategies. The ICT
industry in Zimbabwe is confronted with several problems including Poor
Telecommunications Infrastructural Development; Shortage of ICT
facilities; Shortage of skilled manpower; Lack of standardization;
Inadequate public private partnership; Poor Data acquisition and storage;
Poor horizontal and vertical communication; and Lack of analytical skill.
It is recommended that we work on the following intervention areas in
order to utilize the potential role of ICTs, including development of human
capacity; identifying and applying appropriate ICT technology to the
districts; establishment of community-based information service centres
to improve on access to information at community level; encouraging
and promoting the development of hardware and software industry;
improving and developing the telecommunications infrastructure;
encouraging public-private partnership; planning and implementing ICT
applications in the key sectors such as education, agriculture and health;
use of new technologies such as modern community radio stations and
the Internet; developing a new system of administration and management
at district level; and undertaking further research on ICT penetration. An
agenda for action for universities and research institutions is proposed.

INTRODUCTION
When motivated to establish contact with members of your social
network, and in absence of any personal limitations, such as
physical disability, cultural norms, economic shortcomings and
political or caste boundaries, the ability to establish social contact
is limited only by the ability to overcome time and space. Social
contact by means such as in-person, through the mail, over the
telephone, etc, - can be defined as the ability to direct
communication at another person or persons in time and space.
The world is going through an information technology revolution
that has drastically changed many facets of human life, from
20

education, industry, economy, and politics to entertainment. In
addition, unprecedented capabilities of information technology to
process, store, refine and disseminate data, information and
knowledge in a variety of ways across geographical boundaries
has dramatically changed the ways in which governments, the public
and private sectors operate all over the world. The emergence and
convergence of information and communication technologies
(ICTs) has therefore remained at the centre of global socioeconomic transformations. It is worth noting that Information has
become a strategic resource, a commodity and foundation of every
activity. In fact ICT is now regarded as a utility such as water and
electricity, and hence it has become a major factor in the socioeconomic development of every nation. ICT now plays a major
role in education, learning and research in general, agriculture,
health, commerce and even in poverty alleviation by generating or
creating new jobs and investment opportunities.
Delivering the benefits of the information economy to far off rural
communities of developing nations is dependent upon the degree
to which they are prepared to participate in the networked world—
their “e-readiness.” This is gauged by assessing the relative
advancement of both the nation and the local communities in areas
that are most critical for ICT adoption and by identifying the most
important applications of ICTs for program beneficiaries. When
considered together in the context of strategic planning and
development, an assessment based on these elements provides a
portrayal of e-readiness. However, if conditions can be created
that facilitate access to information and use of these technologies,
people will be better able to effectively address the numerous
challenges in their personal and family life as well as work and
community.
The potential of Information and Communication Technologies
(ICTs) to transform development is now receiving greater attention
worldwide. Using the catch phrase “Bridging the Digital Divide”,
national governments, NGOs, corporations, and global compacts
such as the UN and the G8 are all marshalling resources to use
ICTs for improving development in the underdeveloped worlds.
As a result of the convergence of information, telecommunications,
broadcasting and computers, the ICT sector now embraces a large
range of industries and services hence National Information and
Communication Infrastructures must be developed for integration
into the Global Information Infrastructure (GII).
Rural ICTs for the poor and socially marginalised often have to
perform under challenging environments such as unreliable supply
of electric power and poor connectivity. However, these problems
have led to the diversity of technological innovations in reaching
the poor. Aided by technological factors, telecentres models are
quite flexible in reaching its clients. There is no universal recipe
about what constitutes a telecentre. A telecentre can be a mobile
telecentre, community radio based telecentre, a web portal meeting
the specific needs of the user community or an off-line method as
suggested in Open Knowledge Network. Each project signifies a
condition which dominates the choice of technology.
Innovative technologies are being developed to suit the challenging
conditions of developing nations. CorDECT wireless loop (WLL)
technology by Indian Institute of Technology and Simputer by
Indian Institute of Science are considered to be significant in this
regard. Agricultural information, drought preparedness, microbanking, tackling food insecurity and tele-medicine are identified
as key areas where technological interventions could make a
difference in the lives of the poor and marginalised. The technology
has fundamentally altered the principles of dissemination and
control of information. The convergence of information and
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communication technologies (ICT) in the health care industry have
substantial advantages for users in improving the quality of lives.
Promoting wellness online in primary health care is one example
of how ICT may integrate health care through this ICT application.
Telehealth can enable self health-management in partnership with
health care providers. Telehealth refers to the integration of
information technologies, medical and health technologies,
telecommunication technologies and human-machine interface
technologies to deliver health care and to promote the health status
of the people. It is a means of delivering healthcare, which can
support the “wellness” paradigm. With informed patients and
public, illness prevention at an early stage can increase their
wellness prospects and with reduced costs, shortened lengths of

considered in the ICT diffusion for Zimbabwe, and can be used as
a benchmark for assessing the growth rate of ICT development.
Composition effects have major implications for the analysis of
technological change across different industries and countries
because of the strong effects on the actual ‘measured’ total factor
productivity growth of each country. The static and dynamic
interactions between types of changes in technology and levels
and changes in the relative prices in fact can take different forms1.
A brief formal analysis can help and make the point clearer.
Formally we can see two different standard Cobb-Douglas
production functions i and j with constant returns to scale. The
latter has a larger total factor productivity level but lower output
elasticity of labour:

Table 1. Construction of the ICT Development Indices
Index/dimension Indicators
1. Connectivity

Sources
• Internet hosts per capita
• Number of PCs per capita
• Telephone mainlines per capita
• Cellular subscribers per capita

• All data series from ITU
(deflated by UNSD population data and
compared with World Bank data for accuracy
check)

2. Access

• Internet users per capita
• Literacy (% population)
• GDP per capita
• Cost of a local call

•
•
•
•

3. Policy
(Presented separately, as
relates to 2001-2002).

• Presence of Internet exchange
• Competition in local loop telecoms
• Competition in domestic long-distance
• Competition in ISP market

• UNCTAD research
• ITU
• ITU
• ITU

Usage: Telecom traffic
(Analysed separately but not
presented, as profile appears
unrepresentative and unclear
to what extent this reflects to
global diffusion of ICTs and
the Internet)

• International incoming telecom
• ITU
• traffic ( minutes per capita)
• International outgoing telecom traffic • ITU
( minutes per capita)

ITU
UNSD
World Bank
ITU

Yi = A1 f (Ka L1-a)
Yj = A2 f (Kb L1-b)

hospital stays, and enhanced economic productivity, which together
can build healthy nations.

(1)
(2)

The sophistication of technology should be critically assessed in
the light of pluralism and greater flow of information. The
fundamental question is: Do new technological options open more
participation? Like previous radical technologies, such as the
railway, the dynamo, the fordist mass production system and the
plastics and the petrochemical industry at large, new information
and communication technologies are a bundle of both product and
process innovations which apply to a wide variety of activities and
reflect the characteristics of the innovating countries and emphasize
their structural characteristics. Their international diffusion is
pushed worldwide by their strong effects in terms of profitability
of adoption and rates of increase of total factor productivity. The
consequences of their adoption, however, are far from homogenous
across countries. The actual rates of increase of total factor
productivity differ systematically across regions and countries,
according to their idiosyncratic characteristics and the specificity
of their endowments, with respect to the characteristics of the
innovating countries (Freeman and Louca, 2001).
The Index of ICT Diffusion is a simple arithmetic average of scores
on the quantitative Connectivity and Access indices. Qualitative
variables for policy indicators are presented separately for 20012002. The telecom usage index was reviewed and analyzed, but is
not presented, as telecom traffic showed a different profile and did
not appear representative of Internet use. These indicators represent
a selective subset of the full set possible, with other indicators
omitted owing to limited data availability or difficulties in their
measurement. The ICT development indices shown on Table 1 were

The assumptions are
(3) Yi = Yj
(4) b > a
(5) A2 > A1
When assumptions (3), (4) and (5) hold, it can be shown that the
isoquants of the technologies i and j overlap, so that Yi and Yj
intersect for:
(6) K / L = ( A1 / A2 )1/b-a
In fact:

(7) Yi / L = A1 Ka L1-a / L
(8) Yj / L = A2 Kb L1-b /L
(9) Yi / L = A1 (K/L)a
(10) Yj / L = A2 (K/L)b
(11) A2 / A1 (K/L)b / (K/L)a = 1
(12) A2 / A1 (K/L)b- a = 1

When the two technologies i and j are in such a relation, it is clear
that the bias-effect interacts with the shift-effect. A non-neutral
technology superior in terms of shift effects can be inferior because
of the bias effect. The context of introduction matters in terms of
the local structure of endowments and hence relative prices.
Equation (12) suggests that the overlapping cannot take place only
when technological change is Hicks-neutral. It clearly makes a
major difference however whether the overlapping takes place in
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marginal regions of the new meta-map of isoquants or instead it
affects the central regions. Central regions, with respect to map of
isoquants, are clearly those where realistic values of the ratio of
wages to capital rental costs are represented. In central regions
actual relevant choices are made and hence relevant actual
economic behaviours are likely to take place: when the conditions
stated in equation (12) apply in central regions of the meta-map of
isoquants, technological change can be defined as contingent and
hence both locally regressive and locally progressive.
In such conditions the economic analysis of the effects of small
differences in relative prices of production factors can yield
important insights on the differentiated consequences of the
introduction of the same technology across countries and regions.
For the same token it is also true that the same small changes in
relative prices can have major consequences in terms of production
costs in two countries using two different technologies.
Equation (12) is important because it makes clear that the larger
the shift the more peripheral are the overlapping regions. This
confirms that the more relevant is the absolute increase of total
factor productivity levels and the wider the scope of instantaneous
adoption and hence the smaller the levels of technological variety.
Only agents active in extreme factor markets could repeal the
adoption of such technologies. Equation (12) provides the basic
discriminator to assess whether a new technology is general or
contingent. A technology is contingent, the smaller is the extent of
the neutral shift and the larger are the regions where the old
technology deserves rational adoption. Hence the smaller is the
neutral shift and the larger is the scope for technological variety,
for given levels of variance in factors markets conditions across
regions and industries.
In this context the specific characteristics of local factors markets
play a major role. Because the isoquants of the different
technologies overlap, it is always possible to find a specific isocost
which is tangent to equivalent isoquants which belong to two
different technologies. Formally in fact we see that:
(13) W*/ R*=dY1/L1-a/dY1/dKa = dY2/L1-b/dY2/dKb
For all isocosts slopes that are smaller than W*/R* technology 1
will be superior to technology 2 and viceversa. A large set of
techniques, which belong to both technologies and are comprised
between the two extreme values, on the opposite will not be put in
use.
(14) Yt1 = A1 K? L???
(15) Yt2 = A2 K? L???
A general technological change consists of an actual increase of
absolute total factor productivity levels. This increase is so strong
and radical that even when and where the most productive factors
are very expensive, actual total factor productivity levels increase
with respect to (almost) any previous technique. In equilibrium
models diffusion of these technologies should be instantaneous
with no lags in adoption rates and no substantial variance in terms
of penetration rates across agents in different regions and industries.
At the other extreme we find contingent technological changes.
Contingent technological changes consist of innovations, which
can be stylized, in a production function which fits better in each
specific factor market. They consist of the single bias in the
direction without any shift effect, i.e. without any change in the
absolute total factor productivity levels. With respect to equation
(14) now the contingent technology can be stylized so that the
shift parameter A is not affected and only the output elasticity of
production factors change:
(16) Yt2 = A1 K? L???

22

proceedings of the seventh symposium on science and technology

Contingent technologies rank higher than previous technologies
only in regions with similar local endowments: they are only locally
superior.
In between the two extremes we can identify technological changes
that consist of both a bias in the direction and a shift. Both make it
possible to increase actual total factor productivity levels. Still
with reference to the benchmark equation (14) now the new
technology exhibits both a change in the shift parameter A and in
the output elasticity of the production factors:
(17) Yt2 = A2 K? L???
Such technologies rank higher than previous, older technologies,
only in a limited range of relative factors prices and hence only in
a few factors markets. With a given system of relative prices such
technologies are progressive. In other factors markets however they
actually rank inferior to previous technologies. They are likely to
be adopted by rational firms only in some circumstances.
It seems now useful to emphasize again an important result of this
analysis: the ranking of new technologies depends upon the relative
prices of production factors. Rarely can a technology be absolutely
superior to any previous one. Hence technological reswitching can
take place when the relative prices of production factors change.
Technological reswitching is different from the classical technical
reswitching. Here the ranking of technologies can be reversed by
a change in the relative price of production factors. In the case of
technical reswitching, the focus was rather on the ordering of
techniques defined in terms of factors intensities. The actual levels
of output which can be produced with a technology are influenced
by the relative costs of production factors. The case of
technological reswitching seems most relevant for technologies
that are characterized by both a shift and a bias effect.
In a complex economic system where a variety of technologies
complements the heterogeneity of endowments and local factors
markets, the changes in both the technologies and the relative prices
of production factors can affect the ranking of technologies. A
technology which is neutral in the country of introduction in fact
may reveal a strong bias in other adopting countries. From this
viewpoint the distinction between shift and bias effects is blurred.
The issue of technological reswitching may become relevant,
especially in a global economy.
A distinction between potential and actual productivity growth can
be introduced. Potential total factor productivity growth is obtained,
for each given new technology, when the most productive input
has the lowest cost. Actual total factor productivity growth is the
one made possible in each region with the specific conditions of
the local endowments. A full range of total factor productivity
levels can be generated by the introduction of a single new
technology in heterogeneous regions.
ICT INFRASTRUCTURE IN AFRICA
Africa has the lowest telephone densities (main lines per 100
inhabitants) in the world. The continent has only 2% of world
telephone lines, which is less than those in Tokyo. Africa has 35 of
the world’s 49 telecommunication least developed countries of the
world, and until quite recently, the continent has the lowest annual
growth in teledensity. In 1997, the teledensity for Africa was 1.85,
while those for Europe, America and Asia were respectively 34,
30 and 6. There are more cellular telephones in Thailand than the
whole of Africa. In 1999, the ITU estimates that Africa had about
18 million telephone lines – amounting to a teledensity of 2.0, an
improvement over the estimates of 1997. With the North Africa
and South Africa excluded, the teledensity is about 0.5.
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SSA and South Asia have lowest ICT access-

There are only about 1.3 million dialup Internet subscribers in
Africa. Of these, North Africa is responsible for about 250,000
and South Africa for 750,000, leaving about 300,000 for the
remaining 50 Africa countries. In 1999, there were about 3 million
Internet users in Africa, with about 1 million outside of South Africa.
This amounted to about 1 Internet user for every 250 people,
compared to the world average of 1 Internet user to every 35 people,
and a North American and European average of about 1 user for
every 3 people. The total number of computer hosts permanently
connected to the Internet in Africa (excluding South Africa) in 1999
was estimated to be between 25,000 to 30,000, which is about the
same number as that in a small Eastern European country such as
Latvia, with a population of 2.5million (compared to the 780 million
people in Africa, about 13% of the world population).
There is also the problem of limited extent of penetration, and
high cost of telecommunication, especially when compared to percapita incomes, and these also contribute to higher Internet costs.
The average subscription fee of around US$50 per month is more
than the average monthly salary of a person in Africa. There are
only 17 countries on the continent that have local dialup Internet
access in the secondary towns or urban areas outside the capital
city. This means that majority of the people will have to be making
long distance trunk calls to assess the net even if they can afford a
subscription, a computer and a phone line. This is exorbitantly
costly considering the cost of the average local call tariff, which is
around US$ 2.50 an hour, in ten countries it is more than US$ 4,
and in a few it is over US$ 8 an hour.

Sub-Saharan Africa (SSA) and South Asia are the poorest regions
in the world and have the lowest access to information and
communication resources. With respect to telephone lines, for
example, there are only 14 and 19 telephone per 1000 inhabitants
respectively in the two regions, compared with 69 in low and
middle-income countries. However, since the mid-1990s, countries
that have adopted deregulation and privatization policies have
experienced rapid growth in the expansion of communication
networks. The Internet, for instance, is beginning to be utilized in
urban areas but the constraints to expansion are considerable and
include lack of basic connectivity to telephone networks, high
connection charges, and low computer skills. The prices for fixed
line network access in many SSA and South Asia countries are still
well ahead of the world average for low –income countries. Taken
overall, fixed line telecommunication tariffs are about 112% of
GDP per capita in very low-income economies compared with
8.25% and 2% of GDP per capita in middle and high-income
economies. By contrast, many countries have experienced a real
revolution in mobile networks particularly where fixed wire
networks are underdeveloped. But tariffs for mobile cellular access
represent a considerably higher proportion of GDP per capita at
present.
There are significant differences in access to ICTs within SSA and
South Asia countries. The first is between urban and rural areas.
Data from both The World Bank and ITU in 26 countries during
1991-99 reveal that ICT ownership varies greatly, with radio,
television and telephone ownership registering 65%, 28% and 5%
respectively for urban areas, compared with 38%, 5% and 18%.
ICTs include both the information infrastructure-wires, transmitters,
computers – and information technology, i.e the applications and
content that travel through these infrastructures.
There are currently 1.2 billion people living under one dollar a
day, of which about 70 per cent are located in SSA and South Asia
( see Table 1.1). The two poorest regions of the world are also
those with the lowest access to information and communication
technologies. The gap in access to use of ICTs, the so-called “digital
divide” often follows and reinforces existing inequality and poverty
patterns. The digital divide has emerged both within countrieswhere the rich, educated and young ( often male) are most likely to
use ICTs and between developed and developing countries. For
example, in March 2000 out of the 304 million people with Internet
access, 2.6 million were in Africa while 137 million were located
in the U.S. and Canada. By way of another illustration the average
OECD country has 11 times the per capita income of a South Asia
country but 40 times as many computers.

Table 1.1- Comparative indicators of poverty and information
Share of the
People living on Urban
Electricity
Radios
Population living
less than $1 a daypopulation
(%cons. per
On less than $1 of total)
capita
people per 1000
Day
(Kilo/hour)
1987
1998
East Asia and Pacific
26.6
15.3
Europe central Asia
0.2
5.1
Latin America and
15.3
15.6
Caribbean
Middle East North
4.3
1.9
Africa
South Asia
44.9
40.0
Sub-Saharan Africa
46.6
46.3
Source: World Bank Live Database

Mobile High
per 1000phones technology
exports (%
people mfg. Exports)

1987
417.5
1.1
63.7

1998
278.3
24.0
78.2

1999
34
67
75

1997
771
2693
1402

1997
302
442
420

1998
25
23
45

1998
28
8
12

9.3

5.5

58

1159

274

8

1

474.4
217.2

522.0
290.9

28
34

324
446

112
198

1
5

4
..

See World Bank Group (2000), ICT Sector Strategy Paper: Bridging the Digital Divide, November, Draft.
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In 1998 Sub- Saharan Africa and South Asia had 14 and 19
telephone lines per 1000 inhabitants respectively (see fig 1.1) as
compared with an average of 69 in low and middle income countries
and 146 in the world. The same picture emerges from the analysis
of other indicators, such as television sets or computers per 1000
people. Moreover, for many poor countries, the rate at which ICTs
are developing is slower than in developed countries. The gap
between those who have access t new technologies and those who
do not is widening. Recent research (Agarwal et. al, 1999; Viyanand
et. al, 2003; Pigato, 2001) found that there is increased divergence
in the technological progress (an index composed of measures of
personal computers, Internet hosts, fax machine, mobile phones
and television) across countries. The inequality in access to ICTs
is larger than income inequality. Evidence shows that new “digital”
sources of information and knowledge, while benefiting the
minority of the well off and educated, are bypassing the less
educated and the poor (UNCTAD, 2003; Gharibi, 2004).
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The ICT industry in Zimbabwe is confronted with several problems,
which significantly reduce the efficacy of their service provision.
1.

Poor Telecommunications Infrastructural Development:
The provision of requisite infrastructure is inadequate
particularly in remote districts of the country like Binga.
Electricity is not available, telephone service is almost nonexistent, postal services are sparse, and transportation is
inadequate. The introduction of computers and the Internet
service must be preceded by measures to supply electric power
(e.g. solar energy), improved telecommunication and
transportation services in rural and remote areas.

2.

Shortage of ICT facilities: The availability of modern ICT
technology such as computers, faxes and e-mail service is
almost non-existent in most of the rural areas, where the
majority of the people live. Some don’t even have radio
communication and there are areas where there are no
typewriters, satisfactory postal and telephone services.
Telephone booths, where the general public can make calls,
are also limited or non-existent. Long waiting time to get
telephone connection, lack of budget, high cost of ICT
equipment, shortage of trained manpower as well as lack of
awareness on ICT role have been recognized as serious
impediments to any ICT expansion strategy.

3.

Shortage of skilled manpower: One of the critical factors in
the successful deployment of ICT is the availability of
appropriately trained human resources. Efficiency is lost when
the educational qualification of the employees is far from being
satisfactory and very few employees are able to use the
computer, especially in the rural district councils. In-service
training programs are largely unknown at growth points, new
farming communities and some small towns. High turnover of
staff also suggests that employees would only continue working
in the public sector until they get a more attractive offer in the
private sector or NGOs. There is no proper transfer of
information from a person leaving to a person replacing him/
her in many cases, leading to a loss of valuable and relevant
information.

4.

Lack of standardization: One of the most serious
impediments to the smooth operation of the ICT sector is
perhaps lack of accountability and effective management
system with clear objectives, and well-designed procedures,
manuals and policies. There is limited community participation
in the formulation and implementation of development projects
and their feedbacks. The preparation of budget plans, for
example, is only a wishful list and not based on actual
disbursement of funds.

5.

Inadequate public-private partnership: The public-private
partnership is very weak. Although the private sector can be a
useful partner at least in the urban and semi-urban areas, no
effort is being made by the public sector system to take
advantage of these opportunities. In public-private partnerships
with international donor agencies and in-country partners,
methodologies will be deployed to capture, retain, apply, and
disseminate information and resources of existing funded
programs in education, health care, governance, and
commerce. Methodologies include standard community
development activities, such as community informatics, social
network analysis, and asset mapping. Information, personnel,
and financial resources supporting community development
objectives will channel, through the new ICT, capacity of the
beneficiary communities. Public-private partners will utilize
Internet-based information management software to coordinate
technical assistance to the beneficiary communities.

MAJOR PROBLEMS OBSERVED IN ZIMBABWE
Across the globe, countries have recognized Information
Technology (IT) as an effective tool for catalyzing the economic
activity in efficient governance, and in developing human resources.
There is a growing recognition of the newer and wider possibilities
that technology presents before the society in the modern times.
IT together with Communication Technologies has brought about
unprecedented changes in the way people communicate; conduct
business, pleasure and social interaction. The evolution of new
forms of technologies and imaginative forms of applications of
the new and older technologies makes the lives of the people better
and more comfortable in several ways. There is even greater
realization that instead of single-track technology, lateral integration
of technologies can deliver startling results and the world seems to
be moving towards such converged systems. With emergence of
IT on the national agenda and announcement of IT policies by
various state governments we have recognized the “Convergence
of core technologies and E-Governance” as the tool for good
governance, sustainable development, globalization of economy
and social empowerment.
Information is the key to democracy. With the advent of IT, it has
become possible for the common man to access global information.
The realm of electronic communication encompasses
telecommunication, broadcasting, information technology, enabled
services and industries to undergo profound changes leading to a
Global Information Infrastructure (GII), which will be capable of
carrying any type of information, be it text, data, voice or video.
Information is now broadly defined to embrace voice in telephony,
text in fax and newspapers, images in video and television
broadcasting, and data in computers. All information can be
digitalized, transported, stored, retrieved, modified, and distributed.
All of these are getting transportable over common infrastructure
viz. high speed, broadcast, digital electronic highways. Emerging
digital techniques, new network alternatives (Intelligent Networks),
high bandwidth communication technology and, state of the art
software for network functions and services, are the new technology
trends evident in the development of electronic communications
systems.
Is the widening gap in the access to and provision of ICTs reason
for concern? And is it relevant for the poor? Lack of access to
information and ICTs is hardly a characteristic that identifies the
poor in the way that lack of food, or basic health care and shelter
do. The poor suffer from material deprivation, as well as low levels
of education and health; they are often powerlessness vis a vis
political and social institutions; and they have a limited ability to
make choices and to lead the life that they value. By contrast the
well off have a range of choices, resulting from better education
and healthcare, more work opportunities and access to global
information, to name just a few.
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6.

Poor Data acquisition and storage: The process of data
collection, storage, processing, transmission or communication
leaves much to be desired and leads to serious inefficiency
and information loss, thereby reducing the efficiency of service
delivery. No adequate time and resource is devoted to gathering
relevant information or establishing database.

•

7.

Poor horizontal and vertical communication:
Communication is generally very much limited in the rural
community. Development agents, health workers or other
public employees can only use public meetings to interact with
the community. However, the motivation and the incentive to
use such traditional means of disseminating information is low.
Public gatherings have become less popular as a means of
disseminating and sharing information. With no alternative
mechanisms (e.g. community radios), the community appears
to have limited access to public information and
telecommunications services.

8.

Lack of analytical skill: The public offices do not have the
necessary know-how or the technology to process the available
information analytically. Moreover, the general public and
lower level administrations have no access to these documents,
hence the chances for challenging the performance of elected
officials or administrative officers are limited.

PROBLEMS WITH DIFFUSION OF ICTs IN AFRICA
The convergence of Information and Communication Technology
(ICT) involve not only the integration of carriage and content but
also of the industry. In such convergence, instances of conflicting
interests might surface and may trigger a competition and end up
with the survival of the fittest industries and of sustainable
applications. It may also be realized that converged applications
have a lot of bearing on e-governance, which many people perceive
as a means to “good governance”. Initiatives of government and
the private sector to adopt standards develop to interconnection
and accounting systems and to deploy infrastructures, due to
liberalization policies, have seen the growth of satellite systems
and regional WANs (Wide Area Networks) in Zimbabwe.
Africa is a continent still struggling with the challenges of sociopolitical and economic development. Based on this, the option left
for the continent to leapfrog into the Global Information Society is
to fully embrace all the fruits of ICTs. Africa needs to take advantage
of the phenomena and unexplored resources offered by ICT in order
to sustain its developmental efforts.
Some of the factors underlying the poor IT penetration in Africa
include:
• Communication regulatory environment. The national
regulatory environment in Africa varies greatly, from relatively
open competition in Internet service provision or even mobile
services and local loops to long-term monopolies in all these
areas.
• The extent of the existing ICT infrastructure and the cost of
accessing it. This affects both the potential new entrants in the
provision of basic services and those to provide value-added
services.
• The general investment climate in the country, such as the level
of inflation, import duties, access to local capital and foreign
currency.
• The existing usage of the radio spectrum. Many of the countries
in Africa do not have adequate facilities to manage their radio
spectrum allocation for use by telecommunications and Internet
operators, either nationally or regionally. This has resulted in
congestion in some wavebands and lack of a transparent
process and difficulties in obtaining spectrum from the
regulators.

•
•
•

The market orientation and openness of the national
government to private sector investment. Many countries in
the continent are still coming up from “nationalisation era”
and many sectors of the economy are still dominated by
inefficient parastatals with close links to government
executives.
The resources the national government and their international
cooperating partners are allocating to national information and
communication projects.
The reliability and extent of distribution of the national
electricity grid.
The level of development of the transport networks since these
directly affect the cost of communications network
implementation and support, as well level of demand for the
communication services.

CONVERGENCE
OF
TELECOMMUNICATIONS

COMPUTING

AND

The term “convergence” commonly refers to the provision of
different kinds of services over the existing infrastructure and the
enhancement of existing technologies so as to provide a wide variety
of new services.
Convergence of computing and
telecommunications was perceived as one of the most important
trends in ICT. Since the early nineties, computer networks were
widely used, and increasingly contributed to the globalization of
economic activities. Computer networks in convergence with
telecommunications, commonly referred to as ‘Information
Infrastructures”, are now viewed as fundamental and critical bases
for future economic and social development. In simple terms,
convergence can be defined as the convergence of “carriage and
content” and involves convergence of terminals as well as
integration of industries. Conceptually, the convergence of carriage
and content along with imaginative applications opens up
tremendous possibilities for delivering a big basket to the consumer
empowering him to choose, use and control voice data and images
delivered through a common device. Imaginative value addition
to services adds to the attractiveness of such deliveries. The success
of Internet lies in the empowerment of the user and his capacity to
access information with less cost and effort. However, it is not so
easy or simple to bring the dream of convergence applications to
the user with existing organization of industry and other structures.
Convergence involves vertical as well as horizontal integration of
various entities. Applications based on the concept of convergence
are still evolving in different parts of the world driven by the level
of IT and communication infrastructure, the interest that the industry
and the governments show and the overall context of their cultures
and economies. Convergence applications go much beyond the
three segments of information and entertainment and have a
capacity to change the system of governance and delivery of
services in the total electronically networked environment.
In India, broadcasting has been a state monopoly with the stress
shifting in recent years in recent years from expansion of network
to technology up gradation. The telecommunications sector, on
the other hand, witnessed in the last five years a radical
transformation from monopoly of operations to a situation of
vigorous competition with fast track liberalization of services and
infrastructure. Internet, the latest entrant to the field, acquired
tremendous acceptance within a short span with a fast and
impressive growth. These three different “product lines”, namely.
Broadcasting, Telephony and Internet are now in position to
converge through wired and wireless media. This process involves
major changes in the structures of the computer industry,
information and content industry, and the communication industry
and has three major aspects:
•

Convergence of carriage: Maximum convergence is expected
in the area of access network (telecommunication including
data communication) or local delivery services (broadcasting)
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emphasis within the human resources development area should
ensure capacity building on reliance on existing human
resource; recruitment of new human resource complying with
the strategic requisites; and contracting independent
consultants where necessary. Both short and long term training
to experts and management personnel on information
management, general management practices, and governance
and on the preparation of plans and reports are important. The
non-ICT training will serve as a stepping-stone to the
introduction of ICT. The training program should also be
complemented by recruitment of new qualified staff and
improvement in remuneration levels.

as technology now permits the use of the network for carrying
broadcasting signals.
Convergence of Content: Content Convergence focuses on
fully developing Web content into an integrated online
experience that enhances the value of the printed and online
products to both readers and advertisers. Creation of content
that is useful interesting and empowers the user calls for the
resolution of contradictory.

•

Convergence of Terminal: Technology and industry are
moving towards achieving the ultimate aim of global coverage
to provide anywhere and at any time communication of voice
data and images.
Traditionally communication and media have been quite distinct.
Broadcasting, voice telephony and online computer services
operated on different networks and used different ‘platforms’.
Television sets, telephones and computers, each have been
regulated by different laws and by different regulators. In the last
two or three decades, the stress has been on expansion of network.
Most of the radio broadcast has been in amplitude modulated (AM)
mode. Television broadcasting which started as an adjunct to radio
broadcasting in 1958 also followed the same route and both wings
functioned as public broadcasters. Content was created primarily
with this objective in view although there was a gradual but
discernible orientation towards commercial broadcasting.
Technology up gradation is now being recognized as an important
need. Plans and programmes are being conceived to bring at least
half of the television broadcasting to the digital system in the next
five or six years. In the telecommunications area, the Department
of Telecommunications provided all services till the opening up
started in 1991. In the last about 5 years, the telecommunications
sector has experienced a radical transformation from monopoly of
operations to a sector facing full and vigorous competition with
fast track liberalization of services and infrastructure. The
regulatory restrictions of the telecommunications sector in the past
were in sharp contrast with the free market environment of computer
industry and their coming together meant that some rationalization
of these different regulatory mechanisms would be needed if the
new services were to flourish. The greater harmonization and
market opening in the telecommunications, should now provide a
highly fertile environment for growth. This is already bringing
benefits to many businesses and consumers with lowering of prices,
improved customer service and innovative service offerings.
Though the overall level and structure of prices continues to have
a major impact on the take up of new services.

3.

Identifying and applying appropriate ICT technology to
the regions that are found at different stages of development
is also a useful approach. A full-scale computerized, Internet
connected and networked system may not be a wise approach
to begin the process of modernizing the process of information
management and communication. The introduction of
computers for word processing and spreadsheet applications
in all the rural districts in the initial stages would allow
employees to get hands-on practical knowledge following or
accompanying the training programs. Once electronic copy
of major reports and documents (database) is established, the
next step is to develop relevant and locally specific content to
make the transition to a networked system and Internet
connection.

4.

Access to information at community level may start with
the establishment of community-based information service
centres, which might be located at districts offices, mass-based
organizations, service cooperatives, etc. These computer-based
centres will provide information on local government services,
annual budget allocations for the different offices and activities,
performance reports, etc. The centres will have Internet
connections in the second stage and their service could be
expanded to include market, health, agricultural, weather, and
other types of information that are regularly updated. E-mail
and browsing services could be considered in the third stage.
The private sector should also be encouraged to provide similar
services.

5.

Encouraging and promoting the development of hardware
and software industry would greatly help in introducing and
expanding ICTs. Special investment incentives are necessary
to encourage ICT firms to set up branches in major towns that
can also serve remote Districts. Software firms should also be
encouraged to design automated system of information
management.

6.

Encouraging public-private partnership would also
contribute to the successful introduction and expansion of
ICTs. Private ICT companies could provide training for public
institutions employees at reduced prices if there is a sense of
cooperation. Provision of some IC related services by private
firms and NGOs such as sending and receiving fax messages
on behalf of government organizations without such facilities
could be important areas of cooperation.
Planning and implementing ICT applications in the key
sectors such as education, agriculture and health could be an
important area of intervention. ICTs help doctors and teachers
to upgrade their knowledge and skills through improved
availability of information. Telemedicine can link rural medical
providers with urban hospitals. Weather and market
information delivered over the Internet is extremely useful to
farmers.

MAIN RECOMMENDATIONS
The future strategic issues that need to be addressed in the period
2004-2009 are presented under the following recommendations.
The following may be considered as the main intervention areas to
utilize the potential roles of ICTs.
1.

2.
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Improving and developing ICT-related infrastructure is a
necessary condition if the country and the economy are
expected to reap the full benefit of ICTs. The Postal and
Telecommunications Authority of Zimbabwe (POTRAZ)
should ensure that the telecommunications operators improve
the ICT infrastructure and its efficiency, expand its coverage
and modernize its operations in order to accommodate rapidly
changing advances in telecommunications and computer
power. Remote areas, including new farming communities and
rural areas, would fall further behind unless special
consideration is given to making electric power available,
besides improving the telecom infrastructure.
Human resources development is indispensable if the
introduction of ICTs is to lead to improved efficiency,
accountability and transparency of public services. Much

7.

8.

Modern community radio stations using new technologies
and having access to the Internet are part of the media
revolution in recent years. The convergence of media,
computing and telecommunications has provided a voice to
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9.

civil society and improved poor and illiterate people’s access
to information. Community radios could be considered as joint
project of the community and the private sector once local
capacity is adequately developed and the regulatory framework
is improved.
Developing a new system of administration and
management at district level is critical to any decentralization
process and to streamline operations and facilitate transition
to ICT based services. The existing system is largely tradition
bound, unresponsive to public needs and demands, highly
bureaucratic and non-participatory. Plans and activity reports
are poorly prepared and communicated to supervising bodies
and stakeholders. The system of monitoring and evaluation
does not ensure accountability and efficiency.

10. Allocation and optimization of Financial Resources:
Allocation and optimization of Financial Resources is the key
to development of the ICT industry and realization of various
national initiatives in support thereof. The review should
include the following broad areas:
⇒
Increased and diversified Public budget
allocations
⇒
Increase in Revenues for the establishment,
promotion and application of ICT
⇒
Cost effectiveness and streamlining
⇒
Boosting productivity in the necessary
administrative support for the areas of national
importance.
11. Undertaking further research is also important in view of
the fact that there are a lot of variations between the different
rural districts in terms of organizational structure, availability
of requisite infrastructure and manpower, as well as in terms
of ICT penetration.
AGENDA FOR ACTION
Some of the key focus areas for immediate attention include the
following:
1.

Ensure that all universities and research institutions have
affordable and reliable high-speed Internet connections to
support their critical role in information and knowledge
production, education and training.

2.

Promote sustainable capacity building and education initiatives
to ensure that all countries can benefit from the new
opportunities offered by information and communication
technologies (ICTs) for the production and sharing of scientific
information and data.

3.

Ensure that any legislation on database protection guarantees
full and open access to data created with public funding. In
addition, restrictions on proprietary data should be designed
to maximize availability for academic research and teaching
purposes.

4.

Promote interoperability principles and metadata standards
to facilitate cooperation and effective use of collected
information and data.

5.

Provide long-term support for the systematic collection,
preservation, and provision of essential digital data in all
countries.

6.

Promote electronic publishing, differential pricing schemes,
and appropriate open source initiatives to make scientific
information accessible on an equitable basis.

7.

Encourage initiatives to increase scientific literacy and
awareness of how to interpret web-based scientific information.
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8.

Support urgently needed research on the use of information
technologies in key areas, such as geographical information
systems and telemedicine, and on the socio-economic value
of public domain information and open access systems.

9.

Recognize the important role for science in developing and
implementing the new governance mechanisms that are
necessary in the information society.

CONCLUSION
As the world is transforming towards knowledge society, Zimbabwe
too is moving proportionately competing with the world. With the
increase of Internet users and the advancement of information and
communication technology in Zimbabwe, this has precipitated the
development towards e-commerce in global economic society. In
order to translate the rhetoric of the information and communication
revolution into equitable growth and sustainable development on
a global scale, and to realize the potential of ICTs to empower
people, all stakeholders need to embrace fully their new roles and
responsibilities. Information and communication technologies
(ICTs) should be regarded as a tool and not as an end in themselves.
In all parts of the world remarkable success has been witnessed in
using information and knowledge for individual and collective
development. However, we must be continually vigilant in not
assuming that technology along can solve political and social
problems, and we must dispel popular myths about the infallibility
of technological systems.
We understand the Information Society as one in which highlydeveloped ICT networks, equitable and ubiquitous access to
information, diverse content in accessible formats and effective
communication could help people to achieve their potential,
promote sustainable economic and social development. However
the lack of basic social, educational technological infrastructures
as well as socio-cultural barriers could hinder these potential
benefits from being experienced by all. The Information Society
should be people-centred, with citizens and communities at its core.
It should be at the service of humankind, including disadvantaged
and marginalized groups and those with special needs. The
Information Society we envisage is one that reduces poverty and
creates wealth to satisfy the basic needs and rights of all peoples.
Full exploitation of the new opportunities provided by information
and communication technologies (ICTs) and of their combination
with traditional media, as well as an adequate response to the
challenge of the digital divide, should be important parts in any
strategy, national and international, aimed at combating poverty,
hunger, disease, illiteracy, environmental degradation and gender
inequality. Confidence, trust and robust technical reliability are
essential to the full functioning of the information society, and
should underpin measures taken to protect users of media,
communication and information networks against any misuse and
the violation of privacy and confidentiality. While technology is
significantly improving and costs are decreasing, it is important to
ensure that access to information will be made available to all
segments of the population. Universal, ubiquitous, equitable and
affordable access to ICT infrastructure and services, constitutes
one of the challenges of the Information Society and should be an
objective of all stakeholders involved in building it.
Technological changes, convergence and deregulation are taking
place throughout the world. They have brought about rapid growth
in several industry sectors, together with many challenging issues
to address. Changes in markets have led to the convergence of
ownership and services across national boundaries and have created
gaps and contradictions in national policy. Driven largely by
technological developments, which can be a boon or bane, for
developing countries the converging communication environment
has profound policy implications. Visions developed for the future
27
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foresee the eventual emergence of an information society in
Zimbabwe based on the convergence of telecommunication,
broadcasting, and computers. In the context of Zimbabwe, it is
yet to be seen as to which segment of industry leads the convergence
phenomenon. In the global scenario, each of the three industrial
segments namely Internet, television and mobile phones strive to
be the prime focus and leader of the process of convergence of
deliveries. Aware of the changing patterns of consumption, the
television and computing industries in many countries are vying
for viewers attention. Broadcasters and TV manufactures are
enhancing the interactive capabilities of their services and
equipment. Today’s digital television sets can already function as
monitors when connected to low cost Internet appliances. The TV
sets with built in PC capability, including Internet access will
become an important feature of the consumer market in the near
term provided its advantages afford sustained satisfaction rather
than a novelty only.
REFERENCES
1. Agarwal R., and Prasad J. “Are individual differences germane
to the acceptance of new information technologies.” Decision
Sciences 1999; 30(2): 361 – 391.

28

2.

Bernd Simon, Parissa Haghirian, Bodo S. Schlegelecich, 2001,
“Case Study Teaching via collaborative information
technology”, European Commission Report (IST-1999-11747).

3.

Christen, Hank, et. al, 2001, “An overview of Incident
Management”, Perspectives in Preparedness, No. 4
September. Available online at <http:ksgnotes1.Harvard.edu/
BCSIA/Library.nsf/pubs/POP4 >.

4.

Cook Jacqueline, 1999, “Information and Communication
Technology: the Internet and Company Law”, ESRC Centre
for Business Research report, University of Cambridge, 1999.

proceedings of the seventh symposium on science and technology

5.

Davis FD. Perceived usefulness perceived ease of use, and
user acceptance of information technology. MIS quarterly
1989; 13(3): 319 – 340.

6.

Freeman, C. and Louca, F. (2001), As time goes by: From
industrial revolution to information revolution, Oxford,
Oxford University Press.
Gharibi Hussesin, 2004, “Information, communication and
technology and Knowledge Management in Iran”, ASTINFO
Iran Country report.

7.

8.

Hampton Keith, 2001, “ Living the wired life in the wired
suburb: Netville, Glocalization and Civil Society”, Ph.D.
Thesis, Department of Sociology, University of Toronto.

9.

Kieran M, Peacock E, and Chin WW. Extending the technology
acceptance model: the influence of perceived user resources.
Database for advances in information systems 2001; 32(3):
86 – 112.
10. Oliner Stephen and Sichel Daniel, 2000, “The Resurgence of
Growth in the Late 1990s: Is Information Technology the
story?” Federal Reserve Board Report, Washington DC 20551.
11. Pigato Miria, 2001, “Information and Communication
Technology, Poverty, and Development in Sub-Saharan Africa
and South Asia”, Africa Region Working Paper Series No.20,
August 2001, the World Bank.
12. United Nations Conference on Trade and Development,
“Information and Communication Technology Development
Indices”, UNCTAD/ITE/ITC/2003/1.
13. Vijayanand K. and Ananda Sagar K., 2003, “Information and
Communication Technology: An Indian Perspective”,
Pondicherry University, India.

RESEARCH COUNCIL OF ZIMBABWE

2.4

proceedings of the seventh symposium on science and technology

CAPACITY BUILDING IN SCIENCE AND TECHNOLOGY:

ACHIEVEMENTS AND CHALLENGES

Professor C J Chetsanga, Chairman, National Council on Higher Education
INTRODUCTION
I want to express my appreciation to the organisers of this
symposium for inviting me to come and address this audience. I
have been asked to talk to you on the topic of “Capacity Building
in Science and Technology”. In my view, the task of building skills
and technological competence among a nation’s citizenry is the
single most effective empowerment measure that we can take. In
this paper, Science and Technology encompasses the fields of
agriculture, engineering, medicine, mining and natural sciences.
A nation’s industrial base is underpinned by the skills base of its
workforce. The abundance of natural resources, in the form of
raw materials has tended to become an impediment to Africa’s
economic development, as it tends to bring in a measure of export
earnings that provide short-term benefits to a country.
Ladies and gentlemen, I want to submit to you that, this scenario
typifies our African countries. Africa’s abundant raw materials
have blinded it to the fact that it could be making much higher
export earnings, if it invested significantly in capacity building, to
acquire skills in value adding to its abundant raw materials. The
resulting finished goods would bring in much higher export
earnings.
BASIS OF SCIENCE AND TECHNOLOGY
PRIORITISATION
In order to prioritise the areas of Science and Technology to develop
in our country, it is necessary to carry out an analysis on:
•
•
•
•
•

Zimbabwe’s capabilities in sciences, technologies and
commercialisation
Sectors that provide world market opportunities
Zimbabwe’s potential to exploit these markets
Key technologies for developing competitive products and
processes
Important infrastructural provisions such as expertise base and
an appropriate facilities inventory

The focused building of Science and Technology capacity enabled
Japan to attain a position of industrial eminence, and subsequently
achieve a high standard of living, in rapid succession. Its acquisition
of Science and Technology capabilities enabled it to become a
manufacturer and exporter of finished products. Japan does not
have a mining industry, but it has a thriving iron and steel industry
based on imported raw materials. It is cheaper to import raw
materials than to import finished products.
What Do We Learn from Japan?
The message is that it is not the possession of raw materials, but
the acquisition of technological capability to convert raw materials
to manufactured goods, that enhances a country’s ability to create
wealth by producing goods whose quality gives them a comparative
advantage on international markets.
We have seen Japan successfully pose a challenge to America’s
earlier industrial dominance on global markets. America is both
resources rich and technologically strong. Japan is resource poor,
but technologically strong and culturally uniquely endowed for
productivity. We are told that part of the secret to Japan’s success
is a culturally driven management system.
The old timers in this audience know that during the 1950s, 60s
and 70s, it used to be prestigious in this country to drive an
American automobile. Today, you rarely see an American auto on
our highways. The old order has changed, yielding place to a

situation where our highways are now littered with Japanese cars.
That is what successful capacity building in Science and Technology
can do for a nation.
Japan’s industrial achievements clearly demonstrate the importance
of mastering Science and Technology in economic development
and are an instrument that can buy Zimbabwe some space in a
future where all production will be technology driven. The future
of human existence will be intensely knowledge driven. Zimbabwe
must be part of that knowledge society revolution.
SCOPE FOR CAPACITY BUILDING
Our education, at all levels, must sharpen the minds of our youth
in science and mathematics to equip them to master Science and
Technology. Our primary schools must teach students such skills
as carpentry, building, garment-making, as well as fruit and
vegetable growing, etc. The Nziramasanga Report of 1998
recommended that technical education be made compulsory for
every student in Zimbabwe. That was a brilliant recommendation
that is collecting dust on Government shelves.
The Sunday Mail (August 29, 2004) quoted a senior official of the
Ministry of Education, Sports and Culture as stating that they have
not implemented the Nziramasanga Report, because offering
technical education to every student would create an informal sector
which would not be in the best interests of Zimbabwe. He claims
that giving skills to our children is not in the country’s best interest!
I charge that we should not have such persons driving our national
policy in education. This official is out of step with the needs of
Zimbabwe incorporated.
Zimbabwe also needs to effectively adopt the two measures
employed by the “Asian tigers” and these involve:
a.
b.

Investing resources in technical education to produce
technological experts to man the industrial enterprises
Establishing industrial research and development (R&D)
centres to garner expertise in innovation as well as
acquiring the absorptive capacity for new technology

Zimbabwe has been late in adopting this Asian model that lays the
groundwork for systematic industrialisation. We have made
tremendous progress in manpower development, considering our
high literacy rate and the number of university graduates in
Zimbabwe.
Gaps in Zimbabwe’s S&T Curricula
I am afraid that our current problem is that we have not been
producing the right type of graduates required for the intensification
of industrialisation in our country. Let me give you examples of
the areas in which we have weak technological capability.
a.
b.
c.
d.
e.
f.
g.
h.
i.
j.
k.
l.
m.

Food technology and food processing
Software engineering and ICT
Microelectronics
Electronics
Nanotechnology
Engineering design
Surface coating technology
Polymer science technology
Quality production management
Textile technology
Biotechnology (agricultural, industrial and medical)
Pharmaceutical technology
Flexible manufacturing systems
29
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Our university curricula have tended to be traditional and shy of
innovativeness. We do not have enough technical universities for
our needs. For example, our universities are producing too small
a number of graduates in computer science. We do not have enough
research professors and lecturers “who spend the night in the
laboratory”. There are too few lecturers holding the Ph D degree.
The Ph D degree is internationally recognised as the research
degree, which fully equips one for a teaching/research career. Our
universities do not have the correct Ph D density, as we have a
smaller number of Ph D degree holders.
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matter on our national agenda. I wish to propose the launching of
a programme for training a National Task Force for
Industrialisation.
The programme would work as follows:
¾

Each year, we would select 24 top ranking A-level school
leavers and the 24 top science and technology graduates from
our universities and send them to specially selected overseas
universities to pursue B Sc or M Sc/Ph D degree studies in
areas that we will have targeted for our industrialisation drive.
They would serve as instruments for keeping our technological
capability up to date with new global developments in Science
and Technology. We would do this every year for the
foreseeable future.

¾

Three or four years from now, some of them would start
returning to Zimbabwe. Upon their return, we will have jobs
waiting for them either at our universities, research institutions
or in industry to work on targeted product development,
innovation projects or training tasks for technology transfer.
I am proposing that we launch this technical manpower
development programme in 2005. We cannot wait. Time is
not on our side.

Expansion in Infrastructure for Higher Education
One hat that I wear is that of Chairman of the National Council on
Higher Education. It is this Council that approves the establishment
of new universities and oversees the maintenance of high academic
standards at all our universities. All university Vice Chancellors
belong to this Council. The Council is implementing the
Government policy of having a State University in every province.
I support this policy as I hope it will give Zimbabwe an opportunity
to come up with new universities whose curricula can train our
young people to have the correct dose of Science and Technology
for technological innovation and for the intensification of our
industrial drive.
So far Zimbabwe has eight state universities listed by province:
a.
b.
c.
d.
e.
f.
g.
h.

Bindura University of Science Education: Mashonaland
Central Province.
Chinhoyi University of Technology: Mashonaland West
Province.
Lupane State University: Matabeleland North Province
Masvingo State University: Masvingo Province
Midlands State University: Midlands Province
National University of Science & Technology: Bulawayo
Province.
University of Zimbabwe: Harare Province
Zimbabwe Open University All Provinces

There are five private universities that are playing an important
role in our high-level manpower development programme. The
following is the list of the five private universities in Zimbabwe:
a.
b.
c.
d.
e.

Africa University: Methodist Church
Catholic University in Zimbabwe: Roman Catholic
Church
“Great Zimbabwe University”: Reformed Church of
Zimbabwe
Solusi University: Seventh Day Adventist Church
Women’s University in Africa

There is a process underway to upgrade Harare Institute of
Technology (HIT) to the status of a degree granting institution.
Provinces where there are still no state universities are:
•
•
•

Manicaland Province
Mashonaland East Province
Matabeleland South Province

I understand that the process of developing proposals for state
universities in these three provinces is underway. Upon the
establishment of the state universities in these three provinces,
Zimbabwe will have seventeen universities altogether. The
concurrent challenge will be to adequately equip all these
universities with up to date equipment and properly trained
lecturers. It is not an insurmountable task, but one, which I am
confident, we will be able to achieve over time. In my view, this
raises exciting prospects of expanding and strengthening the
knowledge society base in Zimbabwe.
Ensuring Continuous Inflows of New Knowledge
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To enhance this exciting prospect of the expansion of our university
system, there is an important proposal I wish to table as an urgent

The Malaysians have used this strategy, during the last 18 years,
for bringing home all the technologies they need. It has worked
wonders for Malaysia as their production systems are known to
operate with state-of-the-art technologies. This has been made
possible by the training that their nationals have acquired overseas
and brought home.
It is very probable that some of the trainees that Zimbabwe sends
overseas may not return to Zimbabwe right away, but that should
not matter, as we would establish systems of networking with them.
We have to take a broader and long-term view for achieving our
development goals. The view should be clear, focused and
consistent.
VISION ZIMBABWE
My proposal is for Zimbabwe to widen and sharpen its national
vision to prepare for a rapidly globalising world scene, whose
competitive thrust is growing in intensity by the day. Because of
our current economic difficulties, we are tending to let the current
challenges blur our vision to the fact that Zimbabwe is a special
country that can become a regional leader in areas of its acquired
competences. The development of this programme on training a
“National Task Force for Industrialisation” will ensure that our
technological human capital for industrialisation will be in place
to mobilise the productive sector, and lead it toward market
competitiveness and growth. I am challenging all of us to share
this vision for a future, prosperous Zimbabwe.
With this submission, Ladies and Gentlemen, I am asking you to
join me in appealing to our policymakers to declare the Zimbabwe
Industrialisation Drive as our nation’s Final Chimurenga.
If the current agrarian reform thrust is not complemented by an
intensified value addition drive, its impact will not reach the full
magnitude of its potential. As has been our national experience,
there will be a greater national acceptance of this industrialisation
policy thrust, if it is enunciated at the highest echelons of
government.
The policy thrust will need to be vigorously marketed to our
industrial enterprises, young people in schools and universities,
our fellow Zimbabweans in the Diaspora, and to Zimbabwe
incorporated (civil society).
Ladies and Gentlemen, I rest my case for demanding the fulfilment
of the vision for an industrialised Zimbabwe.
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TAPPING THE SCIENCE AND TECHNOLOGY CAPACITY IN WOMEN: LIFELONG EXPERIENCE OF A
ROLE MODEL

Professor Idah Sithole-Niang, PhD, Biochemistry, University of Zimbabwe
When I got a call to say I should give a talk on this topic, I remember This was the time I worked (for 6 weeks) as a Junior Chemist at
actually trying to wiggle out of it. The caller was saying that they Wankie Colliery Company testing coal samples and monitoring
felt I was accomplished in science and should be able to speak environmental pollution in local rivers on a weekly basis. I obtained
about it. I felt that I had not really accomplished much to warrant a scholarship from the United States Agency for International
being granted this space to dialogue with you. Part of the sentiment Development (USAID) under the Zimbabwe Manpower Fellowship
came from the fact that in all honesty I really do not feel that I have (ZIMMAN) to pursue a doctorate in the United States in 1983.
reached that stage where people might want to ask “how did she The first group had 22 students (20 males and 2 females). I am
do it? How did she get there? She is truly a role model”. I have happy to note that the other woman went on to obtain a degree in
been at the University of Zimbabwe for the last 12 years. Every Electrical Engineering from the University of New Mexico and
time I speak about my job, I always say it’s the best job I have ever worked for the Post and Telecommunications Corporation for a
had. It is actually the only job I have ever had in the truest sense. number of years. As you can see this was a far cry from the gender
I will get back to this point, for now let me start right at the beginning balance that one would like to see. Of that I group I was the only
one who obtained a doctorate which was awarded in 1988 at
of my career in science.
Michigan State University (MSU). My thesis work was on chicken
I was born in Hwange in 1957 and come third in a family of 10 herpes viruses in which I investigated the processing of major
children (three boys and seven girls). Today eight of my siblings glycoproteins that the virus produced, as they were likely candidates
are living and accomplished in their own different ways, and I for vaccine development.
admire them a lot. I went to Dombodema Secondary School for
Form 1 and 2, then Tegwani Secondary School for Form 3 and 4. As I was completing my studies Professor Chetsanga wrote to
When I was at Dombodema my aptitude in science emerged. I enquire about my studies and wondered if I was infact working in
recall scoring very high on a Science Paper during the week that the area of agricultural biotechnology. At that point I was a diehard
the Schools Inspector visited. He was very impressed and pointed biochemist, interested in basic principles. You see in academic
it out to the Science teacher. The makings of my science career circles, basic research as opposed to applied research is looked
was however determined at Tegwani Secondary School. Here we upon much more favourably, and I personally subscribed to that
were told that only 4 girls could register for the Physical Science school of thought. Needless to say I discussed this with my mentor,
class. For some reason however I do not recall protesting that I Dr. Leland Velicer, who actually said “you know Idah you can
had been short-changed, and went along with the unilateral decision always make a switch when you become a post doctoral fellow”.
that the majority of the girls should do Needlework. The Form 3 So I heeded that call by Professor Chetsanga, and switched gears
and 4 classes had 30 students each totalling 90 who sat for the after graduating with a doctorate in Biochemistry and receiving a
Ordinary level examinations in Form 4. Of these 64 obtained Graduate Woman of the Year Award for 1988.
division one passes. There was only one Form 5 and 6 class
enrolling a total of 36 students, and all those 64 needed placement, I moved across campus to work with Dr. Lee McIntosh on the
including other students from the rest of the country, consequently genetics of photosynthesis, doing site directed mutagenesis using
I did not get enrolled for High School. My parents called the local blue green algae as a model system for the photosynthesis that
hospital, Wankie Colliery Hospital and fortunately one of the girls occurs in higher plants. It was this laboratory that showed that the
who had been allocated a place did not show up, so getting into amino acid tyrosine was responsible for the primary events in the
their program was easy as I had a division one pass. The funny photosynthetic apparatus. Our work was also looking at the whole
thing however is that because I was a replacement candidate no architecture of the photosystems using genetics. This was an
one noticed the fact that I was sixteen and therefore 2 years under exciting time in photosynthesis because the Nobel Prize for
age for enrolment into the program. It was 2 years later that the Chemistry in 1988 was awarded to 3 scientists working in
Nursing Sister asked how old I was that she was shocked to learn photosynthesis. You can imagine the excitement, and I really felt
I had been under age all along! I did extremely well, and scooped privileged to work in such a well endowed area. Later on I met
the book prizes both in the first and third years. I graduated in one of the Nobel Laureates and drove them in my car to a picnic at
1977 and registered with the Medical Council, I must confess I my boss’s house! Working with Lee brought many opportunities,
have not kept up with my subscriptions. While I was there, a including the fact that I was awarded the first William Brown
childhood friend of mine named Rachel whom I had grown up in Fellowship for plant transformation work. The award of fifteen
Hwange gave me an address for the British Council, which was thousand dollars ($15 000) granted in 1990 was used to extend my
recruiting students for Advanced level studies in the United stay in Lee’s laboratory to start looking at plant transformation.
Kingdom (UK). I applied and got placement at Mid Hertfordshire This is where I transformed tobacco with a cowpea chlorotic mottle
College in Welwyn Garden City to complete my A level studies. virus (CCMV) coat protein (CP) gene that I had obtained from Dr.
While I was at the Hospital I had ordered some O-level Chemistry Richard Allison, Plant Biology, Michigan State University. I still
study materials from Rapid Results College (RRC), after I had collaborate with Richard on cowpea transformation.
seen the study materials that Rachel had ordered for the Human
Biology course she was taking. This was the turning point in my CHALLENGES AND OPPORTUNITIES
life, I started learning all over again what an atom was in 1976
After 4 years of post doctoral training at the Plant Research
Things went so well that when I got placed at Mid Herts College I
Laboratory (PRL) at MSU I joined the Department of Biochemistry
was confident enough to sign-up for A-level Chemistry without at the University of Zimbabwe in March of 1992. This is where
having undergone any formal tutoring in the subject at O-level. It the real challenge began. Nobody even noticed that I was a highly
took a lot of nerve to do this. This is where I challenge everyone trained scientist with 4 years of post doctoral training from one of
who thinks I am risk-averse, that in fact is not true, as I tend to bite the leading plant science laboratories in the world! I mean if you
the bullet and take the bull by the horns more than people actually go to the International Society for Plant Molecular Biology
realize. I obtained a distinction in Chemistry and went on to enrol (ISPMB) Congress which takes place every four years, the majority
at the University of London’s Royal Holloway College (RHC) to of people who chair and give plenary lectures are all from the Plant
pursue a degree in Biochemistry in 1979. Following my tenure in Research Lab (PRL)! All the 4 years did for me was to get me a
1982 at RHC I had to come back to Zimbabwe to apply for a couple of notches on my salary scale. Not only that I was put of
scholarship to pursue further studies. This was now the arrangement probation for 3 years and not 2 years that some of our Teaching
Assistants (TA) enjoy today. I had enough publications in top notch
that scholarships had to originate from Zimbabwe.
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journals to warrant Senior lecturer grade, but no, that’s not how it
works at the University of Zimbabwe (UZ), where even professors
all start at lecturer grade, then when they are tenured (which is
after 3 years) they can then ascend to their requisite grade after a
lot of gnashing of teeth and peer review. What I am trying to say
here is that the system does not reward talent, you go through the
wringer with everyone else.
To show you how my postdoctoral training had prepared me for
my academic career, I have trained quite a number of students (15
undergraduates, 12 MSc and 4 DPhils have completed their studies
under my supervision) and are gainfully employed all over the
world. This year (2004) has been particularly good, as I produced
2 DPhils!
To show my appreciation I will actually share my brag slide with
you and name the MSc and DPhils by name (Table 1 below).

needed resources to this incredible crop. Being a co-coordinator
has seen me acquire new skills that they did not teach in
Biochemistry 101, such as intellectual property rights (IPR),
biosafety and effective communication, in this case in
biotechnology. My advocacy role has seen me writing a book on
the subject and actually teaching biosafety and IPR on the MSc
Biotechnology Program. I am current deputy chairperson of the
Biosafety Board having played a crucial role is developing the
biosafety regulatory framework for Zimbabwe with others. Infact
just to illustrate how important all this is, that collaboration I
referred to above was partly hatched out of the fact that Zimbabwe
has biosafety regulations in place. You see under the new world
order of globalization people with technologies that they want to
share or disseminate will not donate those to us if we do not have
certain instruments in place, and the biosafety regulations and
intellectual property protection are just a few examples. So to me
it is particularly gratifying to see that I have learnt more than science
in the process. It is also gratifying to see that I really enjoy
motherhood.

Table 1. Who are they and where are they now?
Name
Degree Project
Farisai Mukora (Chidzwondo) (F)
MSc
Atrazine resistance in cowpea
completing
Tsungai Nyathi Chirara (F)
MSc
Cowpea virus resistance
Percy Chimwamurombe (M)
MSc
Cowpea virus movement
Zephaniah Dhlamini (M)
MSc
Sorghum, improved quality traits
Patient Dhliwayo (F)
Alice Maredza (F)
Geoffrey Banda (M)
Oziniel Rudzvidzo (M)
Davson Saungweme (M)

MSc
MSc
MSc
MSc
MSc

Eunita Masuka (F)
Veronica Rusike (F)
Joseph Mafofo (M)
Cape,SA
Ruramayi Mswaka (1997) (F)
Deckster Savadye (1999) (M)
Sizolwenkosi Mlotshwa (2000) (M)
Charles Mutengwa (2004) M)

MSc
MSc
MSc

Where are they now?
Lecturer at UZ Biochem and
a DPhil
Research Scientist at SIRDC/BRI
Lecturer U of Namibia
Lecturer at UZ Biosciences on leave,
now at the FAO, Rome
Cowpea virus resistance
Horticulture, ICRAF, Harare
Virus movement
Doctoral studies in SA
Sorghum, improved quality traits
Standard Chartered Bank, Harare
Groundnut biodiversity
Doctoral studies in SA
Diagnostics of African Horse Sickness Virus Doctoral studies, Johns Hopkins
University , USA
DNA fingerprinting of livestock
Research Scientist at SIRDC/BRI
Cowpea, Improved quality traits
Not known
Diagnosis of foot and mouth disease virus
Doctoral studies, U of Western

DPhil
DPhil
DPhil
DPhil

Thermus aquaticus
Theileria parva
Cowpea virus resistance
Striga on sorghum

DPhil

Bio prospecting

MPhil
DPhil

Cowpea improved quality traits
Cowpea virus resistance

Cuthbert Zvidzai (2004) (M)
Current students
Claudius Marondedze (M)
Richard Mundembe (M)
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Having said all this let me highlight the things that actually get me
up in the morning. I have been Principal Investigator since 1992.
I must admit that research resources were more abundant back
then than they are now. It takes a lot of clout to still bring in
resources in these times. Dr. Dave McConnell was the first
biochemist I met at MSU, and to this day I am considered part of
the family. Dave’wife Dr. Pat Barnes-McConnell was Director of
the Bean Cowpea Collaborative Special Program (CRSP), and it
was during this time when I truly developed a passion for working
with cowpea. That passion is so pervasive that I have worked
tirelessly for last 12 years of career investigating ways to improve
the crop genetically. While my laboratory does other work on
sorghum and DNA fingerprinting of virtually any organism (we
have done yeast, viruses, maize, wheat, groundnuts, livestock fish
etc) it is my passion for working on cowpea that really gets me out
of bed in the morning. My laboratory’s committed effort to
improving cowpea has not gone unnoticed, it has won me a very
special collaboration with top notch scientists at Purdue University.
In addition to the scientific collaboration I co-coordinate together
with Professor Larry Murdock, of the Network for the Genetic
Improvement of Cowpea for Africa (NGICA). This is a global
cowpea research consortium that lobbies donors, the private sector/
industry, and virtually all stakeholders in effort to bring much

Working in the UK
Lecturer at UZ Biochem
Post doc in the USA
African Center for Fertilizer
Development
Lecturer UZ Biochem
Teaching assistant, UZ Biochem
Lecturer Bindura University of Science
Education, and DPhil at UZ Biochem

CONCLUSION
This summary and dialogue about my educational life was not
designed to embarrass any one by any means. It was meant to
share, stimulate and encourage the young girls in our Zimbabwean
schools not to be intimidated by science. This is the scientific era
and as such I think we should be encouraging the young women
and girls of today to venture into science. They must not be
discouraged as challenges and hurdles will be dotted along the
way, however we as parents should not contribute to those barriers,
but we as role models each in our own different ways must share
our experiences no matter how meagre they might appear to those
real life achievers.
Having said all this, it still saddens me to see that an academic
career in this country is not one of the best rewarding careers. At
present academia does not have the clout that other people in other
countries enjoy, if you do not know this ask your Bank Manager.
It boils down to a lot of educational investment with very little in
return, however being such a diehard academic myself, I am sure
you will continue to see me at the UZ for a long time to come. I
have been asked “do you have shares at the UZ?”, and I always
say with pride, “yes I do!”
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HIV AND AIDS RESEARCH, CHALLENGES AND OPPORTUNITIES IN THE LAST DECADE
Professor H Chinyanga
Pro-Vice Chancellor, College of Health Sciences, University of Zimbabwe

ABSTRACT
The HIV/AIDS pandemic has continued to grow, despite the huge research
and control efforts being made globally. Nevertheless, research has played
a crucial role in shaping the responses as well as the trajectory of the
epidemic. There have been major scientific and technological advances
that have contributed significantly to our understanding as well
interventions in the fight against HIV/AIDS. This paper highlights some
of the key achievements in research in Zimbabwe over the past decade
and discusses some of the challenges and opportunities that have arisen
from the epidemic. A National Library of Medicine (PubMed) search
was conducted to identify HIV/AIDS related literature on Zimbabwe.
The literature was categorised into 11 subject areas. Each of the areas
was discussed briefly in terms of proportional contribution to the body
of knowledge and any highlights in scientific and technological
advancement. The brief analysis shows that most studies were
epidemiological, clinical and behavioural/preventive, contributing to
nearly 50% of all studies. 20% of the publications are in Central African
Journal of Medicine. The major developments in these areas included
evaluation of diagnostic tests, development of clinical diagnostic
guidelines for HIV/AIDS, as well as the management of HIV/AIDS
including ART. Behavioural studies have revealed some important factors
fuelling the epidemic and have enabled appropriate interventions to be
designed. Some of the challenges identified include the lack of capacity,
at both human and technical level, to carry out the desired research. The
epidemic has availed some opportunities, including that of capacity
building of research institutions and other structures. The capacity will
over time transcend the current epidemic and contribute significantly to
research and public health in the future.

INTRODUCTION
The HIV/AIDS pandemic continues to wreck havoc worldwide,
with global estimates of over 40 million people living with HIV/
AIDS (PLWHA). This is a staggering figure, representing the worst
ever pandemic of the modern world. Even more worrisome is the
fact that the pandemic is much more severe in developing countries
where the capacity to cop with the infection is very limited. Indeed,
about 70% of all HIV infections are in Sub-Saharan Africa, which
harbours only about 10% of the world’s population.
The HIV/AIDS pandemic has baffled the world, and poses the
greatest challenge to development ever. In comparison, the bubonic
plague of 1347 to 1351 appears miniscule. Even the influenza
epidemic of 1918-1919 which killed an estimated 20-40 million
people in many ways pales in significance when compared to the
HIV/AIDS epidemic. The influenza epidemic reduced life
expectancy by up to 10 years in just 2 years and was most deadly
for people aged 20-40 years. In some way HIV/AIDS has shown
the same characteristics except that the infection is insidious and
slowly corrodes development and social indicators to the extent
that in some countries, life expectancy has been halved in the 20
years of the HIV/AIDS pandemic.
The world has learnt from the pandemics. The response to the
influenza pandemic was massive, including biomedical and
legislative interventions to control the spread of the virus. However,
to date, the cause of the pandemic remains largely unknown. As a
learning process, the response to HIV/AIDS, albeit largely medical,
was rapid. Research played a crucial role in creating a body of
knowledge that enables understanding of viral transmission,
pathogenesis, clinical and behavioural aspects. To date, there is
more literature on HIV/.AIDS than any other infection. The
literature varies from clinical, to social and legal. The evolution
of research around HIV and AIDS reminds me of the response to
the Andromenda Strain, in the science fiction book, where nothing

was left to chance, and technological advances were realised within
a short period. It therefore goes without saying, that life threatening
situations avail challenges that bring the best out of people and
that such situations are great revealers of issues that are often
underground and also avails opportunities. Thus technology does
not hold importance as technology. Rather it is the source of the
solution to the problem at hand. This paper aims to present a
circumscribed discussion of HIV/AIDS research in Zimbabwe in
the past decade or so, highlighting the main areas of research thrust,
the key technological developments aiding both research and
control efforts. The paper also discusses some of the major
challenges that have been posed by the epidemic with regards to
research and support to the control efforts. I conclude the
presentation by highlighting some of the opportunities that have
arisen out of the epidemic.
What literature is available on HIV and AIDS in Zimbabwe?
The HIV epidemic was first recognised in 1985 when the first AIDS
case was reported. Since then, the prevalence of HIV has
progressively increased to the current rates of about 20% among
adults. An estimated 2 million people are living with HIV/AIDS
in Zimbabwe, representing nearly 5% of the world’s 40 million
PLWHA.
One of the key responses to the epidemic has been research aimed
at understanding the dynamics of transmission, clinical, behavioural
aspects etc. Thus a body of literature has accumulated over the
years, aimed at supporting the control efforts by government and
other stakeholders. A simple search on PubMed using the key
words “HIV and Zimbabwe” brings up over 500 publications on
various subject categories. 20% of the publications are in Central
African Journal of Medicine. Because the theme of this session is
Science and Technology in the era of pandemics, I tried to
disaggregate the literature into various subject categories in order
to highlight some of the major technological developments in the
fight against HIV/AIDS, driven by research.
I disaggregated the literature into 11 categories of Diagnosis,
MTCT, Clinical, Nutrition, Dental, Health Systems Research,
Paediatrics, Epidemiology, Behavioural/prevention, Orphans and
Vulnerable Children. I am fully aware that there is great overlap
among these various subject categories.
Diagnosis
Nevertheless, PubMEd search shows that only about 20% of the
publications were on Diagnosis of HIV and related diseases. The
major advances made in the country were to quickly evaluate the
ELISA methods for HIV diagnosis early in the epidemic. The
National Blood Transfusion Service was one of the first among
African countries to screen blood for donations. This was followed
by evaluation of various other tests including PCR for viral load,
and rapid tests. Zimbabwe is thus one of the countries using rapid
tests extensively in VCT centres. The capacity for diagnosis has
enabled a number of clinical studies to be conducted that use viral
load as an endpoint.
Clinical
Over 10% of the literature is on clinical research. Early in the
epidemic, attempts were made to provide guidelines on clinical
diagnosis of AIDS in adults and children. Today some of the
research highlights are the HIV/AIDS Quality of Care (HAQOCI),
DAART etc that are aiming at ensuring quality care, including
antiretroviral treatments. Several studies have also looked at
parasite co-infections such as tuberculosis, pneumonia, etc in
relation to disease pathogenesis and progression. Research
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evidence based guidelines for ART in Zimbabwe have since been
developed.
Nutrition
A major concern in the epidemic is the nutritional status of the
infected. Much hope was raised in the mid-90s from the perceived
potential role of nutrition in both prevention of transmission and
progression. A number of studies were carried out in Zimbabwe,
assessing the potential of nutritional interventions in preventing
MTCT. While the results were generally disappointing, very useful
evidence of the importance of nutrition in other areas of HIV/AIDS
has been generated. This has led to the development of nutritional
guidelines of PLWHA by the Ministry of Health and Child Welfare.
Health Systems Research
It is important to understand how the delivery system is faring in
the context of the epidemic. About 4% of the literature analysed
was on health systems research (HSR). This included studies that
assessed the costs of care of HIV/AIDS related illnesses including
home-based care. The studies have generally shown that HIV/
AIDS significantly negatively impacts on health delivery in terms
of costs and loss of human resources.

Others
This category refers to many other publications that do not easily
fit into the above categories. These include studies looking at
communication strategies, advocacy, stigma, discrimination, policy
and legal issues. A number of studies were identified that include
discourse on issues of violence, child abuse etc.
Challenges
I have chronicled some of what I consider are major achievements
of HIV/AIDS research. The symposium will expose some other
challenges I have not mentioned, that are epitomes of technological
advances in our country, contributing to the body of knowledge
and service in the era of pandemics. A number of challenges have
come in the course of research on HIV/AIDS.
One major challenge has been the impact of HIV/AIDS on the
scientists themselves. Scientists have not been spared by the
epidemic. There is evidence that capacity of some institutions
have been negatively affected by increased mortality due to
HIV/AIDS. HIV/AIDS have required the retraining of medical
staff and scientists in order to deal with the various issues
holistically.

MTCT
About 2% of the literature is on MTCT. Zimbabwe started the
prevention of MTCT using AZT and is now onto nevirapine. Both
interventions have strong components of operational research.

Some of the technologies required for research have not been
available in the country, or are limited to a few institutions. The
lack of equipment has stifled research. For example there are
only a few flow cytometers in the country, yet these are critical for
research and ART.

Paediatrics
Only about 2% of the literature is on paediatrics. The major
observations are that most of the research was epidemiological
and very few clinical. In this context it is poignant that there are
generally no ARV formulations for children in Zimbabwe and other
countries. Similarity the issue of diagnosis of HIV infection has
not received much attention, yet it will be crucial for the roll out of
ARVs.

One of the greatest challenges to research has been the need to
devise interventions that are appropriate to the situation. Often
we have adopted interventions wholesome from the West and more
often that not, have realised that these do not work on our context.
From an academic point of view, reorienting the curriculum of not
only medical institutions of learning, but also social studies has
lagged behind such that the cadres being churned out are not fully
prepared to deal with issues arising from the epidemic.

OVC
I found about 10 papers (2%) on OVC. Most of the papers highlight
the plight of the OVC and the magnitude of the problem. Not
much has been done in terms of coming up with innovative
interventions and trying them. Alternatively there is little research
support to implementers of OVC interventions. It is thus heartening
to note that some efforts are now being placed in ensuring evidence
based OVC interventions as is the case in the OVC project being
conducted by the Biomedical Research and Training Institute and
the National Institute of Health Research of the Ministry of Health
and Child Welfare (MOHCW).

Opportunities
It may sound inconceivable that opportunities could arise out the
disastrous epidemic, yet it is quite clear that HIV/AIDS are great
revealers. A number of issues that have traditionally been under
the carpet have become glaringly apparent. For example, the HIV/
AIDS epidemic has made debate about sex fairly public, sexual
violence is discussed openly and a number gender related issues
have become more open and some even addressed. In some ways
the epidemic has influenced legislation, for example, the Sexual
Offences Act. We have seen the development of policies for the
epidemic alone, emphasising that much more can be done to support
public health. The epidemic has forced political commitment to
health issues that is unprecedented. This can be harnessed in the
future.

Epidemiology
A major focus of Zimbabwe’s research has been the attempt to
build a clear understanding of the extent and distribution of the
epidemic. Not surprisingly, the bulk of the literature is on
Epidemiology. About 25% of the publications are on Epidemiology.
Behavioural/Preventive Studies
About 20% of the literature is on behavioural studies and
prevention. Highlights on the former include the revealing study
about intergenerational sex done in Manicaland. Prevention refers
mainly to studies looking at interventions. These include
educational interventions, microbicides etc. However, there are
virtually no studies on vaccine development or trials.
Dental
There are a few studies on dentistry and HIV/AIDS. This is an
area that requires more attention from the point of view of
technological advances that reduce the risk of infection of dental
practitioners and their patients.
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Opportunities also exist in science and technology. Most prominent
for Zimbabwe has been the building of research capacity, mainly
through collaboration. Several scientists have been trained,
laboratories built and equipped and people employed on HIV/AIDS
related research. The techniques developed and learnt will prove
to be a great investment in the future. The building of response
structures such as the National AIDS Council is symbolic in public
health. Similarly the institutionalisation of the AIDS levy was a
unique development in the fight against disease, not only in
Zimbabwe, but the world over.
CONCLUSION
I must stop here. I am sure you can enumerate several other
challenges and opportunities that avail themselves to us because
of the advent of HIV/AIDS. I will stop and hope that this paper,
which is inevitably not comprehensive, will generate discussion
around science and technology issues that can make a difference,
not only to this pandemic but to others that may visit us in the
future
I thank you.
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MARRIAGE OF TRADITIONAL KNOWLEDGE SYSTEMS AND MODERN
TECHNIQUES
Z.J. Duri, Chemistry Department University of Zimbabwe, Box MP167 Mt Pleasant Harare, Zimbabwe.

ABSTRACT
Key words: Traditional Knowledge System, Modern Techniques, Holistic
approach, Good food, Stress management, HIV and AIDS, TB, Ringworms
and Asthma.
When one measures the advances that have been made in science and
technology one realises that we have come a long way and have covered
quite a lot of ground. But when one measures that which we have covered
against what we haven’t, then one realizes that we covered very little.
I have taken a look at myself and asked myself about my existence. I am
here because of the very existence of my forefathers. The question, which
comes to mind, is how they existed before the advent of modern science
and technology. How are those who cannot access it today, making it?
Another question that comes to mind is that without modern science and
technology and the diagnostic tools that come with it, how on earth did
they know which ailment is which (PCP, T.B, KS STIs etc) and which
medication to use. An attempt to answer these questions took me back to
traditional knowledge.
It is through traditional knowledge systems that we have come up with
therapies for the following: Immuno-modulation Cancers, Herpes, Chest
problems, Fibroids, Allergies, Diarrhoea, Headaches, Parasites, Tonsils,
Piles, Boils, Ageing, Heart problems, Skin, rashes, Infertility, Wounds,
Oral thrush, Gastric problems, Ulcers, Stimulation of RBC and
Urinogenital problems.
The knowledge has been obtained through ancestral spirits, dreams and
pure observations of the natural systems. Interesting enough some of the
herbs used and the diseases being treated have a lot of similarities in the
way they look. Love portions do work but unfortunately they do so by
damaging the recipient, but clinically the result will have been achieved.
Heaven knows how the old folks knew the inside of a uterus with fibroids
because the root used looks just the same.

Modern Technology has enabled us to do the following
•

•
•
•
•
•

Phytochemical studies on herbal medications in order establish
the phytoconstituents and the actual chemical structures using
techniques such as nuclear magnetic resonance (NMR),
infrared (IR), mass spectroscopy (MS) and Chromatography.
Biological tests to establish bioactivity of phytoconstituents
(e.g. TB and Ringworms)
Measure lung capacity in asthmatic cases.
Scan the uterus for fibroid cases.
Endoscopy for gastric ulcers cases.
Measure general parameters to see someone’s health status
such as: white blood cells (WBC), red blood cells (RBC),
haemoglobin (Hb), HCT, Mean Cell Volume, Mean Cell Hb,
MCHC, Platelets, Granulocytes, Lymphocytes, Monocytes
Eosinophils, Basophils, ESR, Urea, Sodium, Potassium
Creatinine, T. Bil, AST, ACT ALP, GGT, T. protein, Albumin,
Glob, Alb/ Glob-ration, LDH, Uric acid, T.Cell profile and
HIV-Viral Loads.

The following are very brief summaries of some our preliminary
findings. Each patient has been assigned a booklet of data collected,
so is each disease, and these cannot fit in this paper hence the
summaries.

Table 1 shows just the viral loads for the six patients whom we
were able to do. Overall the general trend is that we are achieving
a 77% reduction in the load after two dosages of medications.
Ideally each dosage comprising nine immune system modulators,
six anti-cancers, two anti-herpes and two RBC production
stimulators should be taken in fifteen days each month for three
months
Tables 2 and 3 show sensitivity of the reference strain and
Mycobacterium tuberculosis isolates against the 6 medicinal
plant extracts.
Compounds such as Ionized Rifampicin, Streptomycin, Ethambutol
and Ptrazinamide, the standard tuberculosis drugs were most
effective against Mycobacterium tuberculosis. However a
significant level of drug resistance was observed for the drug
Ionized. From this result it cannot be concluded that there was
significant drug resistance to Ionized as a larger sample would
have been required to determine the extent of the drugs resistance.
Most of the extracts such as extract 1, extract1a, extract 1b, extract
2, and extract 3 exhibited non-significant anti-mycobacterium
activity mainly because of problems encountered with in vitro
testing. The methanol extract however outperformed all the other
extracts and was most effective against Mycobacterium
tuberculosis. Before the methanol extract can be considered as an
anti-tuberculosis agent, further studies are required to determine
the active compounds in the extract and their appropriate
concentrations. The sensitivity patterns cannot be concluded to
represent the in vivo activity.
Table 4 shows the cut off points (MICs/MFCs) for the most active
extracts against the test fungi. It also shows results of the crude
extract and the control drug (Amphotericin B).
Table 5 is a summary of the mean fungicidal concentrations of the
active extracts against the fungi. Both Tables 4 and 5 show that
Amphotericin B was most effective against Candida (MIC=0,45
mg/ml). The active extracts inhibited M. Canis in the range 0.061
to o.25 mg/ml, but were significantly less effective than
Amphotericin B (t=2.118;df=18;n=20), A similar trend of the
activity of the crude and purified extracts activity against M-Canis
was observed for T-mentagrophytes.
The crude extracts were totally ineffective against C-albicans
(MIC>16.0 mg/ml), but a few active extracts showed effectiveness
in the MIC range 0.5-4,0 mg/ml, which was, however, lower than
those for the dermatophytes.
I would like to thank the following (not in order of priority) Prof
S. Feresu, Prof. L. Gwanzura, Mr. T.S Kazembe, The Biomedical
Research and Training Institute, National Tuberculosis Reference
Laboratory, Immuno Path Diagnostic Laboratory, Dr. R.L.
Mazengera, M.D. Duri, Mbuya ‘ Mukotopeya’, the late Peter
Sibanda, the late Motsi Musonza, the late Sekuru Chinyupuri, the
late Sekuru Magoto.
I would also like to acknowledge the support of the Chemistry
Dept, UZ, my dearest friend Manuel Dube, Joy Mazarire, my
research team as well as the different laboratories where tests were
done.
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Table 1 HIV and AIDS cases – viral loads
PATIENT

DATE

DOSAGE

2F

26/11/03
15/03/04

0
2

VIRAL LOAD
(copies/ ml
27816
6372

3F

28/03/03
06/08/03

0
2

138000
31900

41M

25/01/01
19/06/01

0
3

1.400/1,4X 10 E 3
500/5,0 X 10 E 2

42M

01/05/00
25/10/00

0
2

509.3 X 10 3
260.55 X 103

43F

01/05/00
25/05/00

0
2

151.31X103
167.2 X 10 3

44F

17/12/03
14/04/04

0
2

1200 000
1400

Table 2: Sensitivity patterns of the reference strain and Mycobacterium tuberculosis isolates against the 6 medicinal plant
extracts.
Isolate
H37
395
428
462
477
556
559
560
562
564
565
566
568
609
629
631
632
635
639
642
643
646
647
661
670
672
690
717
718
719

EFM
CG
CG
IC
CG
IC
CG
CG
CG
CG
CG
CG
IC
CG
IC
IC
IC
CG
IC
IC
IC
CG
IC
IC
IC
IC
IC
CG
IC
IC
IC

PAB
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

TCH
CG
CG
IC
CG
IC
IC
IC
IC
IC
IC
CG
IC
CG
IC
IC
CG
IC
IC
IC
CG
IC
IC
CG
CG
IC
IC
CG
IC
CG
IC

Ext.1
IC IC
IC IC
IC IC
IC IC
IC IC
IC CG
IC CG
IC IC
IC CG
IC CG
IC IC
IC IC
IC IC
IC IC
IC IC
IC IC
IC IC
IC CG
IC IC
IC CG
IC IC
IC CG
IC IC
IC IC
IC IC
IC IC
0 0
IC IC
IC IC
IC IC

Ext.
IC IC
0 IC
IC IC
IC IC
IC IC
0 IC
IC IC
0 IC
0
0
IC CG
IC CG
IC CG
IC CG
IC CG
IC IC
0 IC
0
0
IC IC
0 0
IC CG
IC IC
IC CG
IC IC
IC CG
IC CG
IC IC
IC IC
IC IC
IC IC
IC IC

Ext.B
IC IC
IC IC
IC CG
IC IC
IC IC
IC IC
IC IC
IC IC
IC IC
CG IC
IC CG
IC CG
IC IC
IC IC
IC IC
IC IC
IC
IC
IC
IC
IC
IC
IC
IC
IC
IC
IC
IC
IC
IC

Key:
0 - No growth

EFM - Extract free media

IC - Innumerable colonies PAB – Pyrazinamide
G – Confluent growth
Me - Methanol
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TCH – Thiophen-2-carboxylic acidhydrazide

Ext.2
IC
IC
IC
IC
IC
IC
IC
IC
IC
IC
IC
IC
IC
IC
IC
IC
IC
IC
IC
IC
IC
IC
IC
IC
IC
IC
IC
IC
IC
IC

Ext.3
IC
IC
IC
IC
IC
IC
IC
IC
IC
IC
IC
IC
IC
IC
IC
IC
IC
IC
IC
IC
IC
IC
IC
IC
IC
IC
IC
IC
IC
IC

MeExt.
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
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Table 3: Interpretation of the sensitivity patterns of the 6 medicinal plant extracts
Isolate
H37
395
428
462
477
556
559
560
562
564
565
566
568
609
629
631
632
635
639
642
643
646
647
661
670
672
690
717
718
719

EFM
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G

Key:
G - Growth
S - Sensitive
R - Resistant
Me-Methanol

PAB
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S

TCH
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R

Ext.1
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R

Ext.
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R

Ext.B
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R

Ext.2
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R

Ext.3
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R

MeExt.
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S

EFM - Extract free media
PAB - Pyrazinamide
TCH - Thiophen – 2- carboxylic acidhydrazide
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SINTERING CHARACTERISTICS OF MANGANIFERROUS LIMONITIC IRON ORES FROM THE RIPPLE
CREEK DEPOSIT.
S. Muganda, N. Dube, and D.J. Simbi, Department of Metallurgy, University of Zimbabwe, P.O. Box MP167, Mount Pleasant,
Harare

Abstract
Experiments designed to investigate the sintering characteristics of
manganiferrous limonitic iron ores from the Ripple Creek (RC) deposit
were carried out using the sinter research facility at the Zimbabwe Iron
and Steel Company. The ores investigated were blended to manganese
contents of 2.72 and 7.61%. A haematitic ore sample from Buchwa Mine
in Zvishavane with low manganese was included to provide an option
for blending and for comparison purposes. Ore samples collected were
representative of the deposit. Sintering tests were carried out in a sinter
pot at a basicity range of 1.0 to 2.5. The coke rate was maintained at 7.2
wt % of raw mix for the Ripple Creek ores and 6.2 wt % of raw mix for
the Buchwa ores.
Results obtained show that RC ores in general required higher moisture
contents to granulate compared with Buchwa ores. It was also established
that Ripple Creek ores, irrespective of the manganese content, needed
longer ignition times resulting in increased fuel consumption. In general,
the FeO content in sinter decreased with increasing basicity. An assessment
of the cold strength of the sinter in the tumbler test indicated a decrease
with increasing manganese content of sinter above 3.5%. Sinter cold
strength as indicated by the tumbler index peaked at a Ripple Creek to
Buchwa ore ratio of 55:45 with the abrasion index decreasing with
increasing Buchwa ore proportion at a fixed basicity of 1.7. Maximum
bed temperatures reached a minimum at a Ripple Creek to Buchwa ore
ratio of 60:40 at a fixed basicity of 1.7. With these results, a ratio of
60:40 Ripple Creek to Buchwa ore in the sintering mix is considered
acceptable for the process.

The Ripple Creek deposit is estimated to have 111 million tonnes
of ore of which 59% directly meets iron plant requirements3. At a
recovery of 90%, this ore body can last up to 35 years at a
production rate of 1 million tonnes of steel per annum. The
manganese tenor of the ore body is variable with certain portions
containing up to 30% Mn. The bulk of the ore is soft limonite, that
is, it is friable, generating a lot of fines (approximately 60/40 fines
to coarse ore ratio screened at 8 mm size) during mining and
processing. The fines generated are not suitable as blast furnace
feed and are therefore agglomerated by sintering.
While sintering is the method of choice for the agglomeration of
hydrated iron ore fines that are of marginal to poor grade, the high
loss values and low bulk density of hydrated ores impart
characteristic sintering behaviour that defies traditional sintering
theory. The sintering of hydrated ore fines has received much
research attention in recent years due to depletion of high-grade
ore reserves.4
This has been the case with the Zimbabwe Iron and Steel Company
(ZISCO) that has relied on high-grade Buchwa ores over the years
but has had to shift attention to the Ripple Creek deposit, 17 km
south-west of Redcliff. Depletion of the Buchwa ore deposit and
high transport costs meant that an alternative source of iron ore
had to be identified to sustain production at the Redcliff works.

Introduction

Test work carried out by consultants 5,6 on the sintering
characteristics and metallurgical properties of the ores, followed
by a research on the microstructure-property relationships in
limonitic iron ore sinter by Mukanhairi7 indicated variability of
the RC ore deposit.

The Ripple Creek deposit is a massive iron sulphide deposit1,2,3
which was oxidized to limonite to great depth and now manifests
itself at surface as a prominent gossan ridge. The ore body consists
of a variable mass of largely limonitic iron ore2,3. The ore is zoned
laterally; comprising a yellow mass of soft limonite in the west,
and to the east, there is haematite ore generally reddish in colour.

The latter could not have been accurately concluded, hence the
need to further characterize the actual manganiferous Ripple Creek
ores exposed by the mining process. The current study is based on
the actual mined ore. The Buchwa iron ores are included in this
study for comparison purposes and the need to broaden the options
available to utilise as much of the Ripple Creek deposit as possible.

Materials and Methods
Raw Materials
The raw materials for sintering comprised two Ripple Creek iron ore fines (RC 1 & RC 2), Buchwa iron ore fines, dolomitic limestone,
coke breeze and blast furnace flue dust.
Table 1.0 Screen Analyses of Samples, wt%.
µm
µm
-125µ
+125µ
R/C 1
8.7
8.7
R/C 2
10.8
16.2
Buchwa
6.4
4.5
Coke
6.7
20
Limestone
5.6
16.7

Flue Dust

11.76

29.42

µm
+425µ
4.3
8.2
12.1
13.3
11

µm
+600µ
10.9
10.8
10.6
20
16.7

23.53

35.29

µm
+1000µ
34.8
32.4
31.7
36.7
44.4

+3mm
30.4
16.2
26.4
3.3
5.6

+6.3mm
2.2
5.4
8.3

R/C 1 and R/C 2 were mixed to give the desired manganese content in experiments designed to investigate the effect of manganese
or sinter cold strength
Table 2.0 Chemical analyses of Samples, %.
Fe
FeO
Mn
R/C 1
53
0.11
2.72
R/C 2
48.5
0.18
7.61
Buchwa
56
0.23
0.57
Coke
1.28
0.02
Limestone 0.6
0.87
Flue Dust 36.3
9.86
0.85
40

SiO2
8.24
5.8
9.85
6.32
0.8
3.37

Al2O3
2.5
1.85
3.83
1.34
0.01
8.1

CaO
0.13
0.14
0.14
1.31
42.72
3.9

MgO
0.19
0.23
2.71
0.24
8.9
1.89

P
0.03
0.03
0.12

Alkalis
0.13
0.21
0.33

The coke proximate analysis gave the following results: Volatile matter: 4 %, Ash: 15.5%, Sulphur: 1.22%, Moisture <1%.

L.O.I
10.49
10.42
2.12
44.52
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Moisture Optimisation
Optimum moisture was determined by gradually increasing the
water content of a particular blend and finding the corresponding
bulk density. A 500 cm3 plastic container was filled with mixed
material without compaction, and weighed. The bulk density was
calculated as mass of material put into container divided by volume
(500 cm3). The free moisture was determined by drying a 500 g
sample at 105 –110oC for one and a half hours. Plotting bulk density
against mix moisture gave a quadratic curve whose minimum gave
the optimum mix moisture. For a particular experiment, 95% of
the optimum mix moisture was used in the sintering test to
accommodate condensation that takes place in the bed.
During these experiments, close observation of the behaviour of
each blend with increase in moisture was made so that, as a rule of
thumb, when a mixture of sintering materials is squeezed in the
hand and they maintain shape (they do not crumble when fingers
are released), then the moisture is considered to be adequate. A
typical plot is given in Figure 1.

Table 3.0. Sintering Process Parameters.
Ripple
Creek ore, %

Buchwa
Ore, % Basicity (CaO/SiO2)

100
0
80
70
50
30

0
100
20
30
50
70

1.1 1.4 1.7 2
1.1 1.4 1.7 2
1.7
1.7
1.7
1.7

2.5
2.5

pieces of equipment included ISO micum tumbler drums, screening
deck, mixing drum, drier for moisture determination, and gas
cylinders for liquid petroleum gas (LPG).
Sintering Procedure
The removable side of the sinter pot was closed and the hearth
layer put in place to cover the grate bars. Materials were then mixed
in a rotating drum for three minutes and water gradually added
until the pre-determined moisture level was reached. The mixture
was then weighed and charged into the sinter pot using shovels,
while ensuring that there was no compaction. The ignition hood
was ignited and when temperature had stabilised around 1050 –
1100oC, the suction valve was adjusted to give the desired suction
during ignition (600 mmWG). Ignition time was 90 to 180 seconds
depending on the blend. Suction was then raised to 1600mmWG
immediately after ignition for sintering while monitoring the
thermocouples and the gas recorders.
The end of the sintering process was signalled by the maximum
waste gas temperature. Motors were then left running until bed
temperatures dropped to less than 150oC. The sinter was then
removed for testing after cooling to less than 100oC.

Ignition
Suction,
mmWG
600
600
600
600
600
600

Sintering
Suction,
mmWG
1600
1600
1600
1600
1600
1600

Bed
Height,
mm
700
700
700
700
700
700

B/F
Flue
Dust, %
2
2
2
2
2
2

Hearth
Layer, kg
8
8
8
8
8
8

Ignition temperatures: > 1100o C

The Sintering Rig

Bulk density, g/cm3

1.8
y = 0.0174x 2 - 0.2324x + 2.1829
R2 = 0.9922

Fuel gas

air

1.6

Ignition Hood, uses
coke oven gas or
LPG

Waste gas stack

Thermocouple

1.4
Sinter-pot
Temperature monitor

1.2
0

2

4

6

8

10

12

Mix moisture, %

Thermocouples

Exhausters

Grate

Figure. 1. Bulk density variation with moisture.

Thermocouple for waste
gas temperature

Coke rate
The coke rate for 100% Ripple Creek ore experiments was 7.2 wt
% and that for 100 % Buchwa ore experiments was 6.2 wt %. Heat
and mass balances were done and coke rate optimisation
experiments carried out before using these figures.

Flow meter

Suction meter

Equipment
The sintering equipment comprised a sinter pot of dimensions 0.4
X 0.4 X 0.7 metres, with six thermocouple positions at different
heights for measuring bed temperatures (three on opposite sides
of the pot) and an ignition hood. These thermocouples were
connected to a monitor. There were also thermocouple positions
for measuring waste gas and ignition temperatures, as shown in
Figure 2. Suction was measured by a U-tube manometer. Other

Figure 2. Sintering equipment setup
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Cold Mechanical Strength Tests for sinter.
The cold strength of sinter was tested according to ISO 3271 –
Iron ores – Determination of Tumble Strength (1995)8.

18

R2 = 0.9038

Ignition times for RC ore mixtures varied between 150 and 180
seconds while those for Buchwa ore mixtures varied from 80 to
120 seconds. The higher values were associated with higher basicity
though the relationship was weakly defined due to moisture
contributions. The high volatile content of RC ores consumes some
of the energy supplied resulting in longer ignition times and higher
fuel consumption during ignition than of Buchwa ore mixtures.
Mixing the two ores shortened the ignition time to between 90 and
150 seconds, the time increasing with increase in the RC ore
fraction.
Variation of FeO content with Basicity
The FeO content in both the RC and Buchwa iron ore sinters
decreased as the basicity was increased. The FeO values for RC
ore sinter are higher than those for Buchwa ore sinter at
corresponding basicities. The relationship is linear as shown in
Figure 3. The reducibility of sinter is negatively affected by the
presence of FeO. The higher the FeO, the lower the reducibility.
Increase in the CaO content leads to fayalite (2FeO.SiO 2)
decomposition and stabilisation of the +3 oxidation state of iron in
the liquid state11. Haematite (Fe2O3) is precipitated in preference
to magnetite (Fe3O4) or wustite(Fe1-XO), both of which are unstable
in the presence of CaO. The CaO also reacts with the Fe2O3 forming
calcium ferrites which reduces the FeO content of the sinter.
The RC ore sinter has a higher FeO content than Buchwa ore sinter
at corresponding basicities mainly due to the differences in the
properties of the ores. One characteristic of RC ore sinter blends is
that during sintering, the bed temperatures rise and fall very rapidly
so that there is a ‘quenching effect’ which may not give time for
the re-oxidation of wustite or magnetite (Fe3O4) to haematite
(Fe2O3), thus giving a higher FeO content in the final sinter.
This rapid rise and fall of the temperatures is due to the lower bulk
densities and high porosity of the ores which results in a faster
flame front speed12. The higher coke rate of RC ore sinters may be
a contributing factor, but less so when the maximum waste gas and
bed temperatures are considered. The maximum waste gas and bed
temperatures for RC ore mixtures were actually lower than those
for Buchwa despite the former having a higher coke rate.
42

14

10
R2 = 0.9972
6
1

1.2

1.4

1.6

1.8

Basility

2

2.2

R/C Ore sinter

2.4

2.6

Buchwa ore sinter

Figure 3. FeO variation with basicity in sinter.
Variation of FeO with MgO content
The FeO content in sinter decreases as the MgO content increases
for both types of sinters. The relationship is again linear for RC
ore sinter but for Buchwa ore sinters the graph is non-linear as
shown in Figure 4.
The ratio of MgO to CaO was fixed at 0.22, so that as CaO
increased, the MgO also increased. In experiments where the CaO
was replaced by the MgO, the FeO increased with increase in the
MgO content due to the stabilising effect of MgO on magnetite,
forming a spinel13((Fe,Mg)O.Fe2O3).
Both the RC and Buchwa ore sinters have relatively high FeO
contents, above 10%, and this could be a result of the high MgO in
the dolomitic limestone. MgO reduces the extent of re-oxidation
of magnetite on cooling by dissolving in it and imparting some
stability. The amount of MgO in the sinter needs to be reduced to
2% or lower, this being done after establishing the optimum MgO
required for the best softening and meltdown behaviour. A high
softening temperature and narrow temperature difference between
softening and meltdown for the sinter is required14,15.

20

16
FeO, %

Sintering Moisture and Ignition Times
Raw mix moisture for Ripple Creek ore mixtures was between 8
and 12% and it generally increased with an increase in basicity.
For Buchwa ore fines it was between 4 and 6 wt % without any
observable relationship with basicity. Moisture for the Ripple
Creek/Buchwa ore mixtures was roughly the weighted mean of the
individual ore moisture requirements at a fixed basicity of 1.7.
The RC ore mixtures required more moisture for granulation due
to the higher porosity9 of these ores and finer screen size than
Buchwa ores. Coarse particles require longer times for water
molecules to penentrate10 and this tends to lessen the optimum
moisture content when granulation is done quickly. An increase in
the granulation moisture with basicity is expected from the particle
surface area point of view. Dolomitic limestone particles are crushed
and screened to –3mm. An increase in basicity therefore raises the
fines fraction in the blend resulting in a drop in mean size of the
blend and an increase in total surface area, hence an increase in
the moisture requirement.

FeO, %

RESULTS AND DISCUSSION

12
R2 = 0.9074
R2 = 0.7602
8
1.8

3.8

5.8

MgO Content in sinter, %

R/C Ore sinter

Buchwa ore sinter

Figure 4. FeO variation with MgO in sinter, RC & Buchwa ore
sinter.
Variation of Tumbler Index with Basicity
The tumbler strength of both types of sinters increases as the basicity
increases. The trends are quadratic polynomials which predict a
fall in sinter strength as the basicity continues to increase. For
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corresponding basicities, the Buchwa ore sinter has a higher value
than the RC ore sinter. Both trends predict a maximum strength at
a basicity of 2.64 for Buchwa ore sinters and 2.56 for RC ore sinters
respectively. The corresponding maximum tumbler values are 81
and 76 respectively. The trends are shown in Figure 5.
At low basicities, a glass matrix is formed comprising fayalite and
calcium silicates which are detrimental to sinter strength, and the
melt (silicate) has high viscosity so that integrity of bonds formed
is poor. A small amount of the bonding matrix at low basicities
causes poor abrasion and tumbler strengths7. Large slag pools give
poor strength due to differences in the expansion and contraction
rates between slag phase and other phases in the sinter. For example,
dicalcium silicates undergo an allotropic transformation at 697oC
which is accompanied by volume expansion and weakening of the
sinter strength.

The observed trend is due to the increased incidence of molten
phases during sintering caused by increase in the CaO content which
lowers the melting temperature of the mixture. Further, the
formation of calcium ferrites imparts strength to the sinter matrix.
The RC ore sinter has higher abrasion index values than Buchwa
ore sinter due to the difference in ore properties. The rapid cooling
of the RC ore sinter and higher coke rate results in higher porosity
which weakens sinter strength.

As the basicity increases, calcium ferrites are formed. A matrix
marked by high ferrite contents has been identified as a strong
bonding material and gives good sinter strength. At corresponding
basicities, the tumbler index for Buchwa ore sinter is higher than
that for RC ore sinter, though the former has a higher coke rate
than the latter. The rapid cooling of RC ore sinter has a quenching
effect on the sinter matrix which results in cracks and thereby
weakening the sinter structure.

Figure 6. Abrasion index variation with basicity.
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dense calcium ferrite phases is greater, giving higher strength.
As the basicity continues to increase, in this case beyond 2.5, the
graphs predict a fall in tumbler strength. This is due to partial
assimilation of flux particles so that some of them remain as relicts
in the sinter matrix and weaken the strength16. At higher sinter
basicities, the initial melt formed is rich in flux components, CaO,
MgO, Al2O3 and there is rapid assimilation of ore material and
very slow dissolution of coarse flux particles.
At high basicity levels, the increased amount of melt formed and
lower viscosity of the ferrite melts are responsible for higher
tumbler and abrasion strengths17.

Maximum Bed Temperature Variation with ore type
In experiments with RC and Buchwa ore mixtures, the maximum
bed temperatures had a minimum at 60% RC ore, increasing in
either direction from this point, i.e. the temperatures increased with
increase in either the RC or Buchwa ore fraction from the minimum
point. This is shown in Figure 7.
The temperatures varied in the manner shown despite the fact that
the coke rate was adjusted in direct proportion to the amount of
each ore in the mix and basicity was kept constant at 1.7. The coke
rate was increased as the RC ore fraction increased. As the RC ore
fraction increased, the adhering fines percentage and the water
requirement for granulation also increased while the percentage
by mass of nuclear particles decreased due to the increase in the
finer RC ores.
Observations from iron ore fines characteristics show that the loss
on ignition of RC ore fines increases with a decrease in the ore
size. An increase in the adhering fines from RC ores increases the
heat requirements to drive out the volatiles. This contributes to a
drop in bed temperatures.
The increase in the adhering fines fraction means that the volume
of melt that is formed increases. The dissolution of ore nuclei into
the melt is an endothermic process. When the volume of the melt
is low, the extent of dissolution of ore nuclei is limited because the
melt quickly gets saturated with iron oxides. Further, Buchwa ores
have low porosity and a higher bulk density so that heat transfer
rate is slower12, assimilation resistance is higher16 and hence the
higher bed temperatures reached with a high percentage of Buchwa
ore in the raw mix.

Abrasion Index Variation with Basicity
For both types of sinters, the abrasion index decreases with increase
in basicity, i.e. the abrasion resistance increases as the basicity
increases. Buchwa ore sinter has better abrasion resistance than
RC ore sinter. These trends are shown in Figure 6.
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The abrasion index increases with increase in manganese content
in the sinter. It has a minimum at a Mn content of 3.35%. The
relationship is a quadratic polynomial showing a rapid loss in
abrasion strength above a manganese content of 3.5%. This
relationship is shown in Figure 9. These results show that a
manganese content above 3.35% is detrimental to sinter strength.
A higher coke rate to produce sinter with a manganese content
higher than 3.35% is required.

Maximum Bed Temperatures, oC
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High manganese sinter is therefore expensive in terms of the fuel
requirements, due to the endothermic reduction of manganese
oxides18. Further work by microprobe analysis would help in the
understanding of the role played by manganese in the bonding
phases.
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Figure 7. Maximum bed temperatures and ore type fraction.
The combined effect of the increasing moisture content, increase
in the adhering fines with high loss on ignition (L.O.I), improved
assimilation and heat loss due to incomplete combustion may
explain the drop in peak temperatures observed. Apparently, heat
absorption by dense Buchwa ore particles and the endothermic
assimilation of the same seems to be the dominant factor
determining bed temperatures.
At the point where RC ore constitutes 60% of the ore component,
the effect of the Buchwa ore on heat transfer becomes insignificant.
The assimilation of ore nuclei at this point is much faster due to
the large volume of melt and the increased porous RC ore particles
which assimilate easily. Further, the porous RC ore enhances faster
heat transfer due to its lower bulk density. The peak temperatures
reached recover only slightly due to the much larger waste gas
volumes involved with RC ore blends and faster heat transfer rates
due to high porosity and lower bulk density. The point with 60%
RC and 40% Buchwa ores in the blend may be taken to represent
the optimum point for heat utilisation during sintering where,
despite the foregoing, the strength of sinter is good (>70% tumbler
index), this being achieved at lower bed temperatures and lower
coke rates than with 100% RC ore.
Tumbler strength variation with manganese content in sinter.
The relationship between tumbler strength of sinter and its
manganese content was investigated. It was found that the strength
decreased as the manganese content increased. The graph is that
of a quadratic polynomial, the strength falling off rapidly above a
manganese content of 3.35%. The trend is for the case of fixed
coke rate and is shown in Figure 8.
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Figure 8. Dependence of Tumbler index on manganese in RC ore
sinter, B=1.7.
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Figure 9. Abrasion index variation with manganese in RC ore
sinter.
Tumbler strength variation with ore type fraction
Experiments in which the RC and Buchwa ores were mixed in
varying proportions showed that the sinter strength is at a peak
(maximum tumbler index) at a RC: Buchwa ore ratio of 55:45 in
the sintering blend, while the abrasion index has a minimum at the
same ratio. These trends are shown in Figures 10 and 11.
At the ratio obtained (55:45 RC: Buchwa), the combination of a
porous ore (RC) and one that is hard and dense (Buchwa) is at an
optimum so that at the fixed basicity of 1.7, the cold mechanical
strength is at a maximum. This could be a result of sufficient melt
generation during sintering, mainly from the RC ore component
leading to formation of bonding phases and the assimilation of
nuclear particles to a greater extent.
Figure 7, when combined with Figures. 10 and 11 shows that an
optimum blend for the two types of ores exists between 55 and
60% RC ore in the blend, the balance being Buchwa. Considering
the two results, the maximum benefits would accrue to the process
from fuel savings. Increasing the RC ore fraction results in a drop
in tumbler index. It is the investigators’ view that a ratio of 60:40,
(from maximum bed temperature point of view) should be used as
it is not far from the optimum point (in terms of strength) and
given the fact that even at 80% RC ore in the blends the tumbler
index was still above 70% (which is considered adequate for the
blast furnace). At this ratio (60:40) there is efficient heat utilisation
and the maximum achievable sinter strength at fixed basicity. It
has been observed that similar coke rates will give lower tumbler
indices for pot sinter than for plant sinters (a difference of 15-20%
in tumbler index values) due to the edge effect of the sinter pot19.
If this is considered, it is still possible to make further cuts in coke
rate at the production plant and a ratio of 60:40 should also afford
room for use of the high manganese portions of the deposit. Iron
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ores similar to Buchwa ores in their metallurgical properties can
be blended with RC ores to get the best sintering results.

strength than 100% RC ores at fixed basicity. The optimum ratio
of RC: Buchwa ores is 60:40 in the raw mix.
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WEAR CHARACTERISTICS OF CAST IRON DIES AND THE IMPACT OF NITRIDING TO DIE LIFE AND
PRODUCTIVITY.
J. Zvidzayi; Lecturer, University of Zimbabwe; T. Mhute; Quality Superintendent Non Ferrous Die Casting Pvt Ltd (NFDC)

Abstract:
Surface treatment and tribology plays an important role in
gravitydie-casting. The surface analysis of worn out dies
particularly, is used to determine the wear mechanisms involved.
Iron pick up has been found to be paramount in the wear of the
dies. Nitriding is a surface treatment that is done at subcritical
temperatures to improve the hardness and corrosion resistance of
the gray cast iron. It hardens the surface without causing thermal
stresses and distortions. Rather it simply impregnates the surface
of the cast iron to a depth of approximately 0.1 to 0.75 mm as
governed by the temperature and holding time. A nitrided die is
characterized by high dimensional stability, lustrous black finish,
high surface lubricity and fatigue strength.

The use of friction materials for providing boundary lubrication is
also discussed in which hexagonal close packed atomic structured
materials are used as lubricants. In this case water based graphite
powder has been selected since it is locally available. It provides
boundary lubrication that minimizes abrasion, erosion, and iron
pick up. When the lubricant is used no build up is experienced on
the mould. The mould release is quick and smoke production is
minimized.
The choice of the die material has been considered as well.
Beryllium copper has been found to be the most suitable material
that produces up to 100 000 products before it can be replaced. It
is used by developed countries but is relatively expensive for local
organizations citing the hard economic conditions. The materials
used for experimental purpose are gray cast iron manufactured by
Bain Foundries and Mc Meekan PVT Ltd., beryllium copper from
Crowne brass but manufactured in Germany, brass from NFDC
and ZDI, chemicals and nitrogen gas from the University of
Zimbabwe. These materials together with literature from books,
journals and websites have been used in the research.

1.0 Introduction
Gray cast iron is used to make casting dies for brass that is
used in the manufacture of plumbing, irrigation and electrical
fittings. Several casting methods exist but the gravity die
casting process is suitable for casting such simple shapes.
This is because simple shapes of low precision do not require
very sophisticated dies and critical pressure control. Similarly
the surface finish is not critical since the product will be
polished by abrasive jet before being electroplated. The finish
in the inside circumference is initially rough but since it is
the product such tapes carry fluids at high pressure and
velocity water jet abrasion will polish this surface during
service. The dies used in gravity die-casting are made from
gray cast iron a material that wears out causing failures and
unplanned stoppages in the casting process. [1]
Fatigue, corrosion, and abrasion cause wear. Wear is the most
commonly encountered industrial problem. It is rarely
catastrophic but reduces operating efficiency and the overall
productivity. Several modes of wear are experienced in the
gray iron during casting. Uniform wear results in the
production of oversize castings. Erosion of the die by molten
metal, fatigue, crack initiation and propagation, abrasive wear
and corrosive wear are mechanisms that cause premature
failure of the dies. The uniform wear is predicted to be caused
by the interaction between the molten metal and the die
interface resulting in the abrasion-erosion of the cast iron as
the melt flows into the die. Brittle fracture is assumed to be

a result of selective leaching of the ferrite matrix at the
expense of graphite when in contact with molten brass. Hot
brass selectively leaches out ferrite from the die resulting in
a porous surface that produces rough surfaces. For uniform
wear the rate of abrasion erosion is estimated to cause wear
of about 1.8 mm after producing 2000 units of scrap and
rework is high thus reducing the productivity level. For
instance when the die was expected to produce 2000 units at
NFDC, it failed after producing a total of 1897 units from
which 317 units or 17% were rejected and reworked.
Theoretically gray cast iron dies are expected to produce up
to 10 000 defect free products if all conditions are met.
Productivity is the output per input value. The output should
be higher than the input value for a business organization.
Productivity = (Expected-actual)/expected x100%[10].
This study sought to investigate the causes of uniform wear
and selective leaching of the ferrite and the possible methods
and ways of reducing or eliminating failure. Emphasis is put
on the effectiveness of hardening the tempered gray cast iron
dies by nitriding so as to minimize abrasive and erosive wear
when the hardness is increased. It explores the extent of liquid
metal corrosion on nitrided die surfaces and possible methods
of controlling it. Selective leaching is more pronounced at
critical or thinner die sections whilst thick sections seem to
experience minimum selective leaching. Uniform wear is
more pronounced on the inlet side of the molten metal than
the risers. The heating cycles are also explored to establish
their influence to the die material and die life. Methods of
quickly obtaining the parameters during pouring and
solidification have been considered theoretically using the
MAGMA software. An improvement in die life can lead to
significant cost savings by reducing the frequency of die
repair and replacement. MAGMA software modelling
reduces downtime in die casting operations, thus eliminating
production loss, production plan adjustments and delivery
delays.[3]
2.0 Wear Characteristics:
Wear is the gradual loss of material from a component surface
by various mechanisms such as abrasion, fatigue, corrosion
(iron pick or selective leaching) and thermal cracking. The
paper looks at:
♦ Improving the quality of gravity castings.
♦ Improving the working life of dies
♦ Determining the surface treatment possible in Zimbabwe.
♦ Using the appropriate locally available die materials
2.1 Abrasion
Abrasive wear is caused by the three- body abrasion
mechanism as depicted by grooves and recesses that are seen
in the failed die cavity. Metallographic tests have revealed
cracks that start and propagate before brittle fracture occurs.
Uniformly worn out dies indicate abrasive wear by the fluid.
The failure of the dies does not only affect the die material
but the whole production process. Fuels are consumed in
remelting the scrap metal, and producing oversize
components. The machine time costs are incurred together
with the labour cost.
2.2 Iron Pick Up/Selective Leaching
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During pouring the cast is in contact with molten brass at
temperatures between 9000C -11000C. Such a temperature
is high enough to cause transfer of iron from die to the copperbased molten alloys. Iron picks up by brass start at
temperatures as low as 6000C at the solid liquid interface of
iron and copper based alloys. The iron forms metallic
inclusions that reduce the quality of the castings and forms
crack initiation points. It also affects the physical and
mechanical properties of the products. Toughness, thermal
and electrical conductivity falls down. The cast iron in flake
form expands in preferred directions when heated. The mould
cavities when heated tend to enlarge by expanding outwards.
In the expanded form impurities such carbon obtainable in
the lubricant diffuse into the microstructural openings created
by the expansion. The lubricating carbon powder used is
more vulnerable to diffusing into the crystal lattice of grey
cast iron thus enlarging the cavities. Upon removal of the
heat the die will try in vain to regain its original dimensions
leaving an oversize die that produces rejects. This lowers
the productivity level.
2.3 Thermal Cracking
Thermal cracking of the die material occurs so often resulting
in the release of microscopic particles or debris that erode
the die and contaminate the casting. Abrupt failures are
caused by brittle fracture of the cast iron dies at thin sections
by cracking. The micro cracks are origins of larger cracks.
During the thermal growth pile-up of dislocations at grain
boundaries will take place. The small fissures formed reduce
the effective cross sectional area of the material causing the
die material to fracture before reaching the elastic limit. The
piling of dislocations at the metal/inclusion interface causes
cracks if the inclusions are of higher strength than the metal.
The extent of development of the fissure also depends on
the degree of adhesion at metal inclusion interface. Low
adhesion has poor strength and much tendency to fissuring.
Griffiths theory of fracture mechanics is obeyed and given
by the formula:
Sc= 2S (C/R) (1)
Where Sc is the concentration stress
S applied stress
C is the width of the crack
R is the radius of curvature.
The crack initiation and propagation in grey cast iron obeys
Griffith’s’ law and pile up of dislocations are found at the
crack initiation point. The cyclic loading and unloading of
the die result in brittle fracture of the die and increased down
times. Mild wear is experienced during the crack propagation
and work hardening periods. Particles that are work hardened
disintegrate from the cold worked interfaces upon receiving
shock loads and join the lubricant or molten metal. The
particle ploughs the interacting surfaces and causes
unacceptable grooves on the die by the three-body abrasion
mechanism. The most unfavourable modes of wear are due
to abrasion erosion, brittle fracture, fatigue, and thermal
growth by diffusion of carbon into the die. These modes of
wear can be minimized or arrested by thermo chemical
treatment of the gray cast iron substrate with ceramic
powders, nitrogen, boron and heat treatment.[10]
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2γS ≤ γGB (2)
Where
γGB is the grain boundary energy
γS is the solid /liquid interface energy
Even if the dihedral angle is not zero, the presence of the liquid/
solid interface reduces the yield stress such that the metal will fail
before the yield stress is reached. Under tensile loading brazed
ferrous metals can be severely brittle. This further increases the
brittleness of the gray cast iron making it more susceptible to brittle
fracture.
3.0 Material Selection:
Wear can be reduced by careful selection of the available
materials. The die casting organizations in Zimbabwe could
be using beryllium copper for brass castings, but this material
is not locally available and expensive to import. These
organizations are left with no option but to use locally
available cast irons. The low pressure gravity die casting
requires cast iron or steel dies since the repeated cleaning
and recoating causes some wear by erosion, corrosion and
fatigue.
3.1 Gray Cast Iron
Gray cast iron is suitable for gravity die casting since the
filling process is gentle. The presence of graphite makes it
suitable as a die material since it is not wetted or attacked by
brass. Graphite is also a solid lubricant that provides
boundary lubrication. Its atomic structure is hexagonal close
packed just as Teflon and molybdenum disulphide that are
used for boundary lubrication. Figure 1 shows structures of
Molybdenum disulphide (MoS 2 ) and graphite solid
lubricants. The hexagonal close packed prisms slide against
each other with minimum friction. The minimum coefficient
of friction for graphite and MoS 2 are 0.04 and 0.03
respectively. Graphite is suitable as a lubricant in oxidative
atmospheres up to temperatures higher than 450 0C and can
withstand temperature peaks. The higher carbon content
increases the lubricity and oxidation resistance [21]. The
ferrite in the gray iron is selectively attacked by molten brass
if they come in contact at high temperatures [11]. Alloying
elements, such as copper, molybdenum and nickel can still
further increase their strength. Among these is Mechanite,
which can be used to make casting dies. The die material
should be refractory in order to resist the pouring
temperatures of above 1100 0C. Alloying the cast iron using
chromium or nickel or molybdenum imparts red hardness.
Mechanite is a gray cast iron that has high machinability. The
approximate composition of Mechanite for high strength
purposes is shown in table 1.

2.4 Liquid Metal Embrittlement
When a metal is wetted by a liquid, it forms a solid / liquid interface
of low energy. The liquid may penetrate the solid along grain
boundaries when the dihedral angle is zero.

Fig 1. Solid boundary lubricants
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Table 1 - Approximate composition of mechanite
Carbon
Silicon
2.4 – 2.7%
1.1 – 1.5%

proceedings of the seventh symposium on science and technology

Sulphur
0.05 – 0.14%

Phosphorus
0.10 – 0.20%

2 below are heat and abrasion resistant. This can substitute
the traditional gray cast iron.
The presents of silicon, molybdenum, and chromium increases
the thermal resistance of the gray cast iron making it suitable for
die making. The formation of carbides improves the hardness and
brittleness of the die.

Table 2 shows the classification of gray cast iron by chemical
composition. The major classes of gray cast irons Class 20;
30 and 40 according to ASTM. Class 20 has a ferritic matrix
and dark bands of pearlite at cell boundaries. The ferrite
matrix is weak rendering the cast iron unsuitable for
producing casting dies for brass casting since it will not
withstand the operation conditions. The class 40 cast iron is
built up of graphite that forms a fine pearlitic matrix with
numerous carbide particles formed during the rapid cooling
and solidification. The flakes produced are large and
randomly orientated with some inter-dendritic segregation.
Under cooling during solidification produces the angular
graphite flakes.[11]

3.2 High Alloy Cast Irons
The table 3 shows heat resistant cast irons that can be used for
making dies for gravity die-casting. The hardness and refractory
property is imparted by alloying with silicon or Chromium.
Chromium also imparts the corrosion resistant property to the gray
cast iron [20].

Class 40 cast iron is suitable for making cast iron dies with
a critical thickness of 25 mm; the carbon equivalent for the
material should be (3.6 – 2)% with a tensile strength of 150100 N/m2. Increasing the amount of austenite dendrites
increases the strength of the die. This is achieved by fast
cooling the cast iron from the austenitic region in order to
retain austenitic grains. Best tensile properties are obtained
by a combination of long austenitic dendrites and 100%
graphite in a pearlite matrix. Gray cast iron has an outstanding
resistance to wear by sliding friction. It also resists galling
and seizing by providing boundary lubricating properties.

4.0 Surface Treatments Methods
Various surface treatments that change the surface properties of
the die so as to improve the refractoriness, wear resistance, hardness
and strength of the die have been considered. The gray cast iron
specimens have been gas nitrided to increase the hardness and
impact strength of the dies. This was done at different temperatures
and holding times. The Institute of mining Research (IMR) at the
University of Zimbabwe also carried chemical tests. The treatment
is a surface that does not affect the core of the die. Benefits of
surface treatments are increased die life, yield and productivity
whilst there is a marked reduction of scrap and rework. Out of
numerous surface treatment processes that have been studied gas
nitriding has been economically viable when advanced resources
and equipment are not available.

The gray cast iron class 40 has fatigue strength of (50-33 N/
mm2) and is notch sensitive hence brittle fractures take place
only on the acute cross-sectional area positions. The fatigue
loading should be a third of the tensile strength. The
metallographic examinations on the gray cast iron used
indicate pearlite and cementite with magnesium sulphide.
Both porous and non-porous magnesium sulphide is revealed
at x500 magnification. The magnesium sulphide is an
impurity used to desulphurise the cast iron. The present of
magnesium sulphide increases the brittleness of the cast iron.
The defects on the die are also caused by the sharp cornered
dies that either break off to give a deformity on the product
or trap the dross or casting sand on the external and internal
surfaces respectively. High alloy cast irons shown in Table

4.1.0 Gas Nitriding
Gas nitriding is a sub-critical heat treatment process
performed on cast irons to achieve surface hardness. It
increases wear and corrosion resistance and improves
antigalling properties. The lower temperatures do not allow
adverse thermal distortions. Nitriding increases the
endurance limit of the gray cast iron.

Table 2 High alloy cast irons high heat and abrasion resistant
NAME
%C
%Si
%P
%S
HIGH CHROMIUM CAST IRON
2.5 – 3.2 1.0
0.1
0.05
HIGH C, Ni, Cr., Mo Pearlitic Iron 2.5-3.2
NICROSILAL
1.7
4.5
0.2
0.10

Table 3.0 Heat resistant high alloy cast irons
NAME
%C
%Si
%Mn
Silal
2.2
5.5 0.5
0.1
High
2.5-3.2 1.0
0.5
Chromium
1.5-2.5 1.0
0.5
Cast Iron
1.0-2.5 1.2-2.0
0.5
Ni – Resist
3.0
1.5
1.2
Nicrosilal
1.7
4.5
0.8

%S
0.1
0.05
0.05
0.05
0.12
0.10

Manganese
0.65 – 1%

%P
0.1
0.1
0.1
0.2
0.2

%Ni

14
18

%Mn
0.5

%Mo
0.6

0.8

%Cu

6

%Ni

%Cr.
10 – 14
0.5 - 2 0.6
18
2

%Cr
10-14
21
30-34
2-4
2
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4.1.1 Method: Specimens of unused and used gray cast iron dies
are cut to dimensions 30 x 20 x 10 mm. The prior hardness of
these specimens should be checked before placing them in a heat
treatment furnace operating at 4800C for 16 hours. The furnace is
set to a temperature of 4800C and the specimens are preheated in
the absence of nitrogen for an hour. Nitrogen gas from a gas cylinder
at 0,9% N concentration. Remove specimens after 16hours and
allow them to cool to room temperature in the free atmosphere.
Repeat the experiment for a new set of specimens but this time
cool them in the furnace setting the furnace temperature to 200C.
Repeat the cycle at 5600C for 16hours. Repeat the cycle at 5600C
but this time for 24 hours. Results obtained are in Table 4.
4.1.2 Controls:
¨ Do not open the valve for the nitrogen gas into the
furnace before the furnace reaches 4800C.
¨ Ensure 0.9%N gas is supplied to the furnace throughout
the test.
Apparatus: Furnace at 4800C and at 5600C
¨ 3 sets of used gray cast iron pieces
¨ 3 new die cast iron.
¨ Stop watch
Duration: 16 hours and 24 hours
Hardness results see table
4.1.3 RESULTS:
The gas nitriding process at 4800C produced hardness values
shown in Tables 4. There is negligible change or
improvements in the hardness value for used gray cast iron
samples at 4800C whilst fresh pieces show an average
increase in the hardness value of 4,7 Bhn with increase in
both temperature and holding time.

on the surface that does not allow diffusion of Nitrogen gas
into the substrate to increase the hardness. The nitrogen
percentage on nitrided used die pieces has been found to be
negligible as compared to fresh dies.
An average increase in hardness of 4.7 Bhn on fresh gray
cast iron signifies the presence of ferrite at the surface of the
die. Nitrogen gas diffused into the substrate ferrite matrix to
form iron nitrides that increased the hardness of the surface
skin of the die material. The iron nitride layer ranges in
thickness from 0.1mm to 0.75mm for of 3-60hr holding times
when using nitrogen in nascent form (2N). A layer of brittle
alpha iron nitride can be formed if the die material has a
high potential for nitrogen. Such a brittle layer will degrade
primarily by erosion during service.[16]. Coatings degrade
by loss of scale and inter-diffusion with the substrate. Interdiffusion forms a sigma phase that increases the brittleness
of the substrate material. Inter diffusion occurs between the
surface nitrided layer and the substrate at high temperatures.
This calls for a fast mould filling and lubricated process.
[15].
The hardness achieved is further increased by an increase in
the nitriding temperature and holding time as indicated in
samples 7,8 and 9. These samples show averages increase
in the Brinell harness number of 11.9 Bhn using a spherical
ball indenter. Gas nitriding at 5600C effectively hardens gray
cast iron dies to reduce wear by plain abrasion-erosion.
However if harder inclusions are present in the molten metal
from other sources abrasive wear can still occur. The outer
compound layer provides wear resistance whilst the diffusion
zone improves fatigue strength. The properties of Grey cast
iron are improved by the compound and diffusion layers
produced.[20].

Table 4. Gas nitriding on used and fresh gray cast iron dies.
Sample
Bhn Value before
Bhn value After
Change in Bhn
1
22.3
22.2
-1
2
23.1
23
-1
3
22
23.1
1.1
4
22.4
26.8
4.4
5
22.1
27.1
5
6
22.3
27.1
4.8
7
22.4
33.4
11
8
22.1
34.1
12
9
22.3
35.2
12.9

Temperature
4800C
4800C
4800C
4800C
4800C
4800C
5600C
5600C
5600C

Duration/ Cast iron
16/used
16/used
16/used
24 /Fresh
24Fresh
24/Fresh
24/Fresh
24/Fresh
24/Fresh

4.1.4 Discussion
A negligible change in the hardness of the used gray cast
iron material is revealed. This is explained by the iron pick
up phenomena that occurs to ferrous metals when they are
in contact with copper based allows at temperatures above
6000C.In the absence of a die coat the iron and graphite are
exposed to the liquid molten brass cyclically. This liquid
metal contact will see the ferrite on the surface being
transferred to the liquid metal. A chemical test on the brass
charge metal revealed 0.02% Fe in the brass before charged
into the furnace. A similar chemical test on finished products
revealed an increase in the iron composition of up to 0.061%
Fe. This increase is caused by the liquid metal corrosion or
iron pick up. The iron pick up leaves the graphite exposed
Table 5. %Fe in the castings and input raw materials
Sample
% Fe on raw material
1
0.03
2
0.08
3
0.02
50

The nitrided surface has several benefits such as excellent
wear and corrosion resistance, surface lubricity, lustrous
finishes dimensional stability and distortion free surfaces.
The case depth ranges from 0.1-0.75mm. Gas nitriding is
done at temperatures below 600 0C. These low temperatures
result in zero distortions to the substrate material, instead it
eliminates the effects of stress concentrations. The gas
nitriding thermo chemical treatment on gray cast iron
introduces residual compressive stresses that increase fatigue
or endurance strength by an average of 50%.[16]
4.2.0 Chemical Test

%Fe on casting
0.040.01
0.063
0.056

%Fe Variance
-0.17*****
0.036
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produces small graphite flakes with random orientation. The
use of lubricants on coated surfaces improves die life ten
folds thus increasing the productivity of the dies. For larger
products like the shower pit trap, insulating dressings like
Dycote 39 can also be used to protect the die and minimize
wear. [1].

Chemical tests were carried out on brass raw material and
casting. The results obtained in Table 8 below.
4.2.1 Discussion: Table 5 gives the percentage composition of iron
in the charge metal and the castings. The raw material has less iron
impurities in samples 1 and 3. An average of 0.023%Fe increase is
denoted. This implies that the raw material is acquiring some
additional iron from the die or the furnace. A sample of solidified
brass that was poured in a ceramic crucible was tested for % Fe
and the change in the % Fe was negligible indicating negligible
contamination by iron in the furnace. Visual inspection also revealed
that the dies are pitted and become porous at the surface with use.
This is due to the selective leaching of ferrite at the expense of
graphite in the die material. Liquid metal corrosion is the major
wear mechanism that is experienced in cast iron dies when casting
copper based alloys. Fig 2 shows chemical corrosion in principle.

Fig 2 Chemical corrosion
Figure 2 Chemical corrosion principle.
4.3 Temperature Cycles
The pouring temperatures should be in the range 900-9500C
to minimize incidental iron pick up and thermal cracking of
both the coating and the die. The wear rate of the die increases
with an increase in temperature of molten metal by heat
checking and hot metal corrosion. Gravity casting dies should
be preheated to reduce the temperature gradients. High
quality cast iron dies are preheated in the range 300 – 4000C
and the life of the die can be increased up to 500 000 cycles
to produce a near net-shape of a casting.[8]. After pouring
the casting is quickly ejected from the die to avoid hindrance
in further cooling since the dies do not have cooling systems.
A taper of minimum values 0.2% prevents wear and tear of
the
die at
number of defect
free cycles
Table
6. parting
Die life line.
span The
for non-ferrous
metal casting
dies.a
die
shouldmetal
make is shown in table
6. of castings produced
Casting
Number
1 Cu base alloys
±10 000
2 Zn base alloys
>10 000
3 Al & Mg based alloys 20 000- 100 000

Foundries that do not have proper equipment for the
preheating of the dies experience thermal cracking. For the
organization in question dies are preheated by placing the
die on a flame from a coke fired crucible furnace. Optical
pyrometers are used to detect and control the temperatures.
The rate of cooling plays an important role in controlling
the size of the graphite flakes. Fast cooling is characterized
by a high nucleation rate and moderate under cooling that

4.4 Computer Simulation of Casting Processes.
Simulation and modelling is used to predict the outcome o
casting processes. The process of filling the cavity and the
subsequent erosion and liquid metal corrosion can be
modelled and necessary surface treatments and lubrication
done before the production. The die shape, size and material
properties are improved to suit the charge metal, pouring
temperature, rate of pouring and heat transfer criterion. The
software has been developed since 1980 and is continually
improved to suit specific cases. The MAGMA software
common and used most of the ferrous and non-ferrous alloys.
It uses numerically based simulation system based on thermophysical data such as surface tension, specific heat, viscosity
latent heat, thermal conductivity and heat transfer coefficients
of the mould and cores. Casting temperatures vary with both
time and distance as described by the differential equation:
dT/dt = k (d 2 T/dx2)/Csrs
Where
Cs is specific heat of the die.
rs is density of the die material
k is the thermal conductivity of the die
material. .[3].
The equation does not have a general solution. Both nitriding
and application of a dye coat can however improve boundary
conditions. Nitriding improves lubricity and provides
lustrous finishes of the surface. [20]. The insulating layers
of the die coat and the air gap created by the metal mould
interface contraction serves to control heat flow. .[6 ]. Other
simulation and modelling software such as SOLSTAR can
be used to determine casting mould parameters used for
improvement.
5.0 Conclusions
Surface treatment hardens and strengthens the die. It also
protects the die from overheating and thermal cracking. Gas
nitriding specifically adds strength to the substrate layer
leaving a tough core. Surface coatings create thermal and
mass transfer barriers between the molten brass and the die.
This results in the arresting of both thermal growth and
diffusion of material across the interface of the interacting
surfaces both ways. The coatings retard the cooling rate of
the brass by serving as insulating and exothermic surfaces.
Application of a lubricant between the die/molten metal
interfaces improves casting release, reduces heat transfer,
provides a non-stick surface and improves the casting surface
appearance.
The use of gray cast iron dies is however not the best option.
Other organizations such as Crown Brass Pvt. Ltd. use
beryllium copper for copper based alloys. Beryllium copper
materials have high strength copper alloys imported from
Germany. The alloys can be strengthened by solution heat
treatment and precipitation hardening and tensile strengths
of up to 1400MN/m2 can be obtained. beryllium copper
contains 2% of beryllium. Beryllium copper also possesses
excellent properties at elevated temperatures and can be used
in a wide range of temperatures. It has high fatigue, yield,
and tensile strength when subjected to multiple reverse loads.
Its wear and corrosion resistance is high resulting in it being
used under high temperature conditions such as valves,
injection nozzles, plunger tips and bearings.[19]
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Failure surveys carried out on dies revealed that 34.5 % were
caused by liquid metal corrosion on dies that were not
adequately lubricated or no lubrication was done at all.
Material faults accounted for 2.1%, inadequate lubrication
accounted for 31.6 %, design calculations 2.4 %,
manufacturing faults 5.0 % and external faults 3.8%.
Cause of failure
Liquid metal corrosion
Material faults
No lubrication
Design calculations
External
Manufacturing

Occurrence %
34.5
22.4
31.6
2.4
3.8
5.0

The wear mechanism dominant in die-casting according to
the test carried out is liquid metal corrosion. The increase in
the %Fe in the casting is evidence that some iron has been
obtained from either the die or the charge metal and formed
a solution with the liquid brass. De-ironing using a magnetic
table across which the charge metal is screened before it is
charged into the furnace cleans the furnace charge. It has
been established that the additional iron is from the dies and
not the furnace as depicted by the porous nature of used cat
iron dies. The liquid metal corrosion is controlled or reduced
by nitriding as well as using a lubricant or a die coat. Carbon
powder dissolved in a water solution is used and it has been
found to be effective as revealed in the chemical test outlined
earlier on. A die with no lubricant tends to have more iron
transfer to the metal than a lubricated die. High wear rate is
caused by absence of lubricant that results in direct metal to
metal contact in which iron is selectively leached at the
expense of graphite. The bottom line however is to prevent
liquid metal corrosion, by introducing a chemical barrier
between liquid brass and iron. This is a lubricant layer, which
separates the interacting surfaces of the molten brass and the
gray cast iron. No molten brass and gray cast iron interface
will exist if lubrication is effective. The use of beryllium
copper as a die material is recommended since the material
has high corrosion and wear resistant at elevated temperatures.
The use of beryllium copper has been proved right by many
organizations world wide. In Zimbabwe Crowne Brass PVT,
LTD has started using beryllium copper dies that are important
from Germany.
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SUSTAINABLE DEVELOPMENT IN THE MINERALS INDUSTRY OF ZIMBABWE
Dr (Ing.) F.D. Karonga, N. P.C. Mutsinya, L. Madziwa, Department of Mining Engineering, University of Zimbabwe

1.0

Introduction

Zimbabwe has a long tradition of mining, particularly gold, which
dates back as far as the tenth century when Zimbabweans used to
trade with the Arabs. Today, Zimbabwe produces over 40 minerals,
with gold, chrome, asbestos, coal, lithium and platinum being the
most important. Zimbabwe has the world’s largest known resource
of high grade chromite within the Great Dyke, world’s second
largest resource of platinum group metals [11] and the largest
lithium resources in Africa [8]. Zimbabwe also has significant
resources of asbestos, gold, nickel and coal. This paper attempts
to demonstrate the need for sustainable development of minerals
in the minerals sector and how the process creates wealth for the
benefit of the Zimbabwean populace.
Sustainable development is by definition the integration of
economic, social, and ecological systems, to meet the needs of the
present generation without prejudicing the capacity of future
generations to meet their needs. Many developing and developed
countries and communities depend on minerals production as a
source of income and a means of development. Zimbabwe’s
minerals sector consisting of large, medium and small scale
operations with various degrees of sophistication, mining precious,
base and industrial minerals forms an important platform for
sustainable development.
The mineral sector plays a significant role for the Zimbabwean
economy. It is known that the Zimbabwe mining sector [1]:
·
Employs about 30 000 people in direct employment and
an estimated one million people in the informal sector.
·
Takes up 10 % of annual private capital investment (the
mining sector worldwide drew 3% of international
investment in 2002)
·
Accounts for about 4% of Gross Domestic Product
·
Contributes about 35% of the total national foreign
currency earnings.
·
Is endowed with a wide mineral base of more than 40
minerals, has the second largest chromium and platinum
reserves, and the largest lithium bearing mineral reserves
in Africa [8].
Three perspectives in Zimbabwe’s mineral industry need close
scrutiny, namely, the ownership pattern, the structure of the minerals
industry and the minerals marketing system. This paper views the
ownership structure in light of present socio-economic and political
developments as not in harmony with perceived benefits to either
the current generation or the future generations of Zimbabweans.
As an example, although there is a developed institutional
framework in place, it needs to be developed and extended to cover
the players who have entered the industry, especially the small-tomedium-scale sector of the minerals industry. In the authors’ view
the mining operations which involve the exploration of mineral
resources, mine development and production of minerals, lacks
systematic dissemination of up-to date geological information to
the relevant people and authorities. Many Government-toGovernment agreements have brought in so much technology
transfer and funding for various geological explorations. This
information has predominantly remained in foreign hands as
observed with several mining companies which have been analysed.
A consequence of this is the prevalence of haphazard mining at
small-scale mines which results in severe environmental
degradation, and lack of sector sustainable economic development.

use it for raising funds on the international stock exchange while
there is evidence of minimal development even after mineral
discovery. This does not auger well for national development.
Exclusive Prospecting Orders (EPOs) on the other hand have
suppressed exploration activity because of hoarding of special
licences. This constitutes a barrier to entry by other players as has
been observed by the Department of Mining Engineering. It also
militates against new investment and makes land inaccessible to
small-scale miners. This therefore limits equitable access to mineral
rights and resources. The lack of an all encompassing mineral policy
has not helped in formulating coherent procedures and legislation
on exploration.
Marketing
The minerals market worldwide is structured in a way that
necessitates a coherent approach for meaningful participation on
the part of the mining industry. Although the Minerals Marketing
Corporation of Zimbabwe (MMCZ) has been in existence since
1982, clandestine illegal trading has impeded the mineral
development.
Factors Affecting Sustainable Development
Incubation of sustainable development requires advances in
technology, governance, and capacity [4]. The three are interlinked
and should be harnessed carefully in-order to facilitate
development.
Technology
For the benefit of the future generations, Zimbabwe should adopt
a holistic minerals development policy coupled with efforts to
promote appropriate technology which would result in an orderly,
environmentally friendly and sustainable exploitation of mineral
resources. Technology exploitation in production would lower
barriers to entry, and enhance efficient production levels. These
involve research and development and automation.
Governance
There is a need to transform the mismatch in the generation of
wealth and the benefits thereof between the indigenous people and
foreign investors. There is need for the state to ensure that the
proceeds from the mining investment are appropriately applied to
national development [5].
Capacity
Besides the technical support from the University of Zimbabwe,
the Ministry of Mines and Department of Geological Survey also
provide geological, metallurgical, and engineering services to the
mines. To compliment the efforts of university tertiary education,
a multifaceted Institute of Mining Research has been set up, to
cover areas of exploration, mining, mineral processing, and
metallurgy.
The major problem in the area of manpower has been inadequate
manning levels at various institutions mentioned above due to
budgetary constraints. This has resulted in insufficient technical
support for the industry. However the supply side of the labourforce looks set, because of the supply of manpower from institutions
like the School of Mines and the University of Zimbabwe (offering
degrees in Mining Engineering, Metallurgy, Geology and
Geophysics).

Exploration in Zimbabwe

2.0 Interpretation of Sustainable Development

Multinational companies in terms of the Zimbabwean law are
granted special leases which gives tenure of up to 25 years (Mines
and Minerals Act Chapter 21:05). They hold onto the property and

The economies of most Southern African countries either depend
on the mining and minerals industry, or are strengthened by the
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industry’s downstream activities [4]. This opportunity facilitates
the region’s (Zimbabwe inclusive) transition towards
industrialisation and sustainable development. It is prudent for
Zimbabwe to place its mining and minerals sector within the context
of the Southern African Development Community’s (SADC) goals
for sustainable development. These are defined as to:
·
accelerate economic growth with greater equity;
·
improve the health, income and living conditions of the
poor majority;
·
ensure equitable and continuing use of the natural
resources for the benefit of present and future generations.
The above working definition describes the process of sustainability
in terms of three interactive systems for:
·
Promoting economic equity and stability
·
Enhancing social benefit, and
·
Optimal use of the natural resource base.
The definition of sustainability needs to take a local flavour. In
Zimbabwe, for example, the social, cultural and economic aspects
dominate, in terms of the need to alleviate poverty and to enhance
the empowerment of the historically disadvantaged indigenous
people. However, no government anywhere can afford to ignore
issues of natural environment because environmental degradation
intensifies poverty. Like in a vicious cycle, poverty also causes
environmental degradation. This dimension is important in a
developing country like Zimbabwe.
Economics
One major concern is optimisation of labour usage, in terms of the
employment of people from the specific community. This is
illustrated by the negative effects (social and otherwise) of migrant
labour. In order to create enough capacity for wealth creation, there
is need to draw labour from the whole country and minimise on
the migrant workers. Concomitant with this is the application of
appropriate technology that would minimise environmental
degradation. Income distribution among the various social groups
needs to be made more equitable.
Social
Mines or mining companies contribute to communities in which
they are located by providing or subsidizing schools, clinics,
hospitals, community centres or activities, self-help schemes, roads,
houses or sports facilities. This infrastructure contributes to the
socio-economic benefit of the area concerned and to the
sustainability of the mining activity.
Environment
Communities are also affected by the ways in which mining interacts
with their physical environment. The environment is impacted in
various ways, from the disposal of solid waste, to pollution of water
sources and air, and finally to the need to reclaim and rehabilitate
the mined-out areas [5]. Currently, the mining industry has realized
the economic benefits of improved environmental management and
has been increasingly participating in land rehabilitation. The
impact of mining on the environment and communities can include
poverty alleviation. Environmental degradation affects the poorer
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levels of society more drastically because they have less access to
alternatives to avoid its effects [5]. Those who directly benefit least
from mining are the poor while foreign shareholders are among
the major beneficiaries.
As observed in Zimbabwe, reclamation of land affected by mining
is not always satisfactory, especially for the mines that closed before
laws were passed to making reclamation statutory. Disposal of waste
was carried out in a manner designed solely to minimize costs,
rather than to prevent pollution or facilitate rehabilitation. In many
instances, old mines were simply abandoned and no attempt was
made to rehabilitate the surface workings when the economic life
of the ore body was exhausted. Examples are Empress Nickel
Mine, Mhangura Copper Mines, Alaska and Shackleton Mines,
Kamativi Tin Mines, Athens Mine, Inyati Mine and several pits
and dumps along the Great Dyke.
3.0 Zimbabwe Minerals Industry Overview
Although traditional small scale and artisanal mining can be traced
back to the 10th century as evidenced by archaeological and early
documentation from the Arabs, modern mining in Zimbabwe started
at the turn of the 20th century. The re-examination of some more
than 4000 old gold mine workings by the British South Africa
Company [BSAC ] led to the establishment of a number of
important gold mines [9]. The mines, aided by agricultural
activities, formed the centres of commercial activities and
eventually developed into permanent communities with basic
infrastructures such as clean water, communication, health,
education and ultimately local government. The development and
growth of at least 80% of the present infrastructure, cities and towns
in Zimbabwe are closely linked to mining and agricultural activities
[9].
3.1 Brief Description of the Geology of Zimbabwe
Zimbabwe is underlain by rock formations estimated to be 2.5-3.5
Billion year old called the Zimbabwe craton. Due to tectonic
movements the Zimbabwe craton is bordered to the North and East
by the Zambezi and Mozambique belts, to the South by the 2.6-2.7
Billion year old Limpopo belt. Between 700 million and 2.7 billion
years ago, a 535 km long and 3-11 km wide intrusion (the Great
Dyke) occurred in the Zimbabwe craton, in north of the north east
direction. In the NW and SE parts of the Zimbabwe craton, there
are the 700 million year old sedimentary basin rock formations
called the proterozoic. These have been named Magondi (Sanyati,
Shackleton, Mhangura) and the Umkondo groups respectively. To
the North of the Zimbabwe craton there is the Chizarira group
which occurred around 600 million years ago, in a rift, where the
Zambezi presently flows. On the NW part of the craton there is the
140-290 million year old Karoo group, a glacial deposition
indicating nearness of the South Pole of the country at the time.
For less than 140 million years ago in the NW part of the craton
between Bulawayo and Victoria Falls -the post Karoo rock (Jurasic
and Kalahari) and sand formation were deposited.
The geological reserves can be best summarized as highlighted in
the Table 1 below.
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Table 1: Proportion of Zimbabwe in world mineral production and reserves
Mineral

Proportion

Proportion

Reserves

of Southern

of World

Mt(2001)

Africa

Reserves

Reserves

(2001)[%]

Grade

(2003) [%]
Asbestos

80

5

moderate

high

Chrome

23

20.5

500

High Cr/Fe ratio

Coal

7

0.07

734

Copper

4

-

30

0.60-0.75%

Gold

1

-

Lithium

90

0.5

6

>1.4
0.25-0.69%

Nickel

7

0.2

23,000

Platinum-group metals

15

8.9

81

Iron

1

-

Zimbabwe has significant reserves of chrome and platinum as
well as asbestos, although asbestos is under threat because of
environmental considerations. Zimbabwean asbestos
(chrysotile) is however deemed non-carcinogenic. The platinum
group metals could provide the country with enhanced earnings
provided the ownership structure is optimized in favour of the
indigenous people and vigorous value addition is pursued. Gold,
which is in abundance, could also boost the country’s foreign
currency earnings once the small to medium sector participation
is reorganised and the full capacity of AUREX Holdings
(processing gold bullion to final products) which value adds is
realised.
3.2 Importance of the Mining Sector in Zimbabwe
The sector has played an important role in the economic
development of Zimbabwe. There is hardly a town or city in
Zimbabwe that does not owe its origin to mining [9]. The sector
has strong forward and backward linkages into both the agricultural
and manufacturing sectors to which it provides raw materials. It

also acts as a consumer of end products of these sectors. Therefore,
its successful development, or lack thereof, has significant effects
on these sectors.
The mining sector in Zimbabwe is one of the most diverse and
developed minerals sector after that of South Africa in SADC, with
a variety of over 40 different minerals. The production figures for
half of them are listed in Appendix 1
3.2.1 Socio-Economic Contribution
The sector accounted for an average 5% of Gross Domestic Produce
(GDP) up to 1994 (Table 3). However, in the last ten years the
sector’s contribution has declined significantly to levels as low as
1.5% (CSO, 2000), raising serious concerns about the effect on
employment considering that the sector used to employ 5% of the
total formal national workforce (CSO, 1998). And of further
concern is shortfall on foreign currency earnings given the fact
that the sector used to contribute about 40% of total export earnings.

TABLE 2: Potential within Zimbabwe for value addition in some minerals.
Mineral

Possible end use

Chromium

Stainless and heat-resistant steel, full-alloy steel, super alloys

Clays

paper, rubber, dinnerware and pottery, floor and wall tile, sanitary wear, firebricks, foundry
sands, and drilling mud

Corundum

Sometime called emery. Grinding and polishing abrasive

Cobalt

cutting tools, electrical devices, permanent magnets, catalysts; pigments and dryers for

paints
Diamond

Machinery, mineral services, stone and ceramic products, abrasives, construction, drilling
and jewellery

Feldspar

Glass, ceramic industries; pottery, porcelain, enamelware; soaps;

Garnet

electronic components, ceramics, glass, jewellery and abrasives

Gold

in jewellery and arts
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Granite can be cut into large blocks for building stone, polished to monuments, headstones,
statues and facing on buildings.

Graphite

Dry lubricant; steel hardener; pencils

Lithium

ceramics and glass, lubricants and greases, batteries

Mica

plastics, roofing, rubber and welding rods

Dolomite, Limestone

Chemical and industrial applications, lime for water treatment

Platinum Group Metals (PGMs)

Platinum is used principally in catalysts for the control of automobile and industrial

plant emissions; in jewellery; and in catalysts to produce acids, organic chemicals and

pharmaceuticals

Talc

primary use for talc is in the production of paper, deodorants, makeup, fine arts

Tantalum

electronic components

TABLE 3 :Mining’s Contribution to GDP at 2000 prices
Year
Total GDP at market prices
Mining’s Contribution
(nominal US$ million)
to GDP (Nominal
1992
6 744
304
1993
6 535
280
1994
6 849
309
1995
7 099
131
1996
8 477
132
1997
8 388
116
1998
5 978
112
1999
4 983
90
2000
7 380
107
2001
2002
2003
-

Mining’s Contribution to GDP
(%) US$ million)
4.5
3.8
4.5
1.8
1.6
1.4
1.9
1.8
1.5
-

- means information not available as at 2000 prices
Sources: Central Statistical Office, National Income and Expenditure Reports
The most important minerals include gold, asbestos, nickel, chrome,
coal and platinum. Gold remains the mainstay of the sector;
accounting for about 40% of the total mineral output by value and
is the country’s second single foreign exchange earner after tobacco.
The gold sector is also believed to employ about 50% of the total
formal mining labour force. The above data refer to the direct
contribution of mining to the GDP. Indirect contributions to the
economy include aspects such as:
·
The industry contributes significantly to forex earnings (about
35% of total earnings)and the balance of payments
·
A third of the country’s electrical energy is purchased by the
sector

TABLE 4 : Operating Mines in Zimbabwe
Mining Region
Gold

Base

Harare
Bulawayo
Gweru
Masvingo
Kadoma
Totals

42
9
20
47
1
119

213
206
149
163
472
1 203

·
·
·

51 % mining export tonnage is transported through the National
Railways of Zimbabwe
45% internal traffic movements stem from the sector.
16 % of the total imports by rail pertain to the mining sector

3.2.2 Structure of the Industry
The large and medium scale mines are largely gold mines whose
ownership is mainly of foreign origin. The mines are owned by
some of the following companies: Anglo American Corporation,
Ashanti Gold Minerals, Independent Gold, Zimplats, RioTinto
Zimbabwe, Zimasco, and Amplats – Mimosa. The mining sector
in Zimbabwe comprises a formal large scale sub sector with more
than 1300 operating mines as can be seen in Table 3

Source: Chamber of Mines (1998), Mining in Zimbabwe 1997 – 98
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Total
No.
255
215
169
210
473
1 322

Proportion (%)
19.29
16.26
12.78
15.89
35.78
100
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The medium scale sector is undergoing structural changes in line
with the changing socio-political climate in the country.
The formal small scale sub-sector consisted in 1997, of more than
20 000 registered mining claims [7], and has since gone up by
more than 100 % based on the ordinary prospecting license issued
out having gone up by more than 250%. About 1 000 000 informal
small scale and artisanal operators (extrapolated 2004 after Svotwa
and Sibanda, 2000), who are primarily unregistered gold panners,
are operating scattered along some more 5 000 km of Zimbabwe’s
main rivers were reported in 1993 [10].
Of the sub-sectors - the small scale mining is mainly dominated by
indigenous players and both the formal and informal small scale
mining has made significant contribution to the economy as shown
in Table 5:
Table 5: The contribution of the small scale mining to mining
earnings
Mineral
% Contribution
Gold
50
Chrome
60
Gemstones exc. emeralds
100
Emeralds
10
Tantalite
100
Source: Zimbabwe Chamber of Mines 2004
All the sub sectors namely large, medium and small scale mines
are also largely supported by the suppliers of foreign origin. Some
of the big names are Sandvik, Atlas Copco, and Samuel Osborne.
About 80% of the mining inputs for large and medium mines are
imported.
3.3 Value Addition
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Modern mining tends to be relatively labour intensive compared
to manufacturing and requires heavy capital investment. Profit
margin from mining per unit is relatively lower than the
manufacturing sector. The furthest stage of beneficiation achieved
in Zimbabwe for a number of major minerals is listed in
Table 6 below.
Table 6: Stages of processing in Zimbabwe with great potential
for value addition
Zimbabwe from Table 6 and Figure 1 displays a great potential for
value addition.
Zimbabwe has a number of operating concentrators, smelters and
refineries. These include Empress Refinery at Eiffel Flats which
refines nickel-copper matte from Botswana, chrome smelters in
Kwekwe, and Nickel concentrator in Bindura. The manufacturing
industry manufactures copper cable, extruding copper, drawing
tubes and fabricating copper, brass and bronze.
Gold bullion is produced at a number of mines (including small
scale mining) in the country and is refined at Fidelity Gold Refinery
plant in Harare. Aurex, in Ruwa has a 10 ton/ annum capacity plant
for further processing gold into jewelry but only utilizes 20 - 30 %
of that capacity due to shortage of raw material (i.e. gold bullion).
Zimbabwe Iron and Steel operates an integrated steel mill at
Redcliff and there are several iron and steel fabrication plants and
foundries in the country.
Amplats produces PGMs and copper-nickel concentrates at Mimosa
Mine for treatment in South Africa and so does Zimplats at NgeziMhondoro. Bindura Nickel Corp. and Rio Tinto Zimbabwe Ltd
produce Platinum Group Metals (PGMs) material as a by-product
of nickel refining at Trojan and Empress respectively.

Value addition or beneficiation of minerals leads to high earnings
which further strengthen the viability of the sector. This leads to a
high degreeProduct
of sustainability for the industry as a whole. Successive
availableCapital
and in abundance in
stage
Process A review of 19 different minerals
Labour
stages of beneficiation can be classified according to the type of Zimbabwe, revealed end use of products (see Appendix 2) that
productsOres
obtained
by Figure
can be manufactured
of value
addition.
andin each stage, as shown
RUN OF
MINE 1.
WASHED
& SIZED as a way
High
Labour
High It further shows
great potential for generation of foreign currency. Most of these
concentrate
ORES
CONCENTRATES
products are being imported from outside Zimbabwe and thereby
Intermediate
actively adversely affecting the balance of payment of the country.

1
2

Products and

MATTES/SLAGS/

FERROALLOYS/

Refined
Metals

BULK CHEMICALS

PURE METALS

3

Semi
Finished Goods

STEEL/ALLOYS/
PRIMARY GOODS

WORKED SHAPES
AND FORMS

4

Finished

INDUSTRIAL AND

CONSUMER

Product

CONSTRUCTION

GOODS

mediumhigh
mediumhigh

Medium high

mediumhigh
mediumhigh

high

Figure 1. Stages of beneficiation
Source: Adopted from SA Chamber of Mines, 1998
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An example, of the magnitude of benefits from value addition can be gleaned from the relative values of chromium products as shown
in Table .7, below.
Table 7: Relative values of chromium products in Zimbabwe
Process
Product
Contents
Concentration
Chromite - Great Dyke
48% Cr2O3
Submerged arc furnace
High-carbon ferrochrome
52% Cr
Perrin process
Low-carbon ferrochrome
68-70% Cr
Dissolve HCFC in sulphuric acid and electrowin
Chromium metal
100 % Cr
Alumino-thermic
Chromium metal
100 % Cr
Cast and roll
Ferritic stainlesssteel sheet
18% Cr, no Ni
Cast and roll
Grade 304 HR sheet
18% Cr, 8% Ni
Roll
Grade 304 CR sheet
18% Cr, 8% Ni
Construct
Fabricated structure (ferritic) 18% Cr, no Ni
Cut and weld
Cone-bottom tank
Grade 316L,8% Ni
Source: Adapted from Granville et. al., 2000
1
Value of one ton of contained chromium in the product relative to that in the chromite ore.

Relative value 1
1
4
6
51
21
26
39
43
64
147

Potential value addition in minerals other than chromium mentioned above is highlighted in Table 8 below. Table 8 highlights the
potential Zimbabwe holds if only it promotes its science and technology base in view of the vast minerals available in the country.
Table 8. Relative values of high-processed product for eight minerals
Mineral
Product
Relative value
Chromium
Cone-bottom tank
147
Copper
Electric motor
117
Diamonds
Polished
385
Gemstones
Set in jewellery
173
Gold
Dental filling
2.6
Iron/steel
Tank
68
Phosphorus
Super phosphoric acid
68
Platinum
Auto-catalyst
6
Original Source: Adapted from Granville et. al., 2000
Proper incubation and nurturing of Science and Technology for it
to take advantage of the potential displayed in the Table 8 would
see Zimbabwe transform itself into an industrialized country in the
shortest possible time as witnessed by among others the Asian Tiger
countries which industrialized in less than 15 years. Presently,
Zimbabwe is exporting its main products in a semi-finished state;
the country is thus losing a lot of potential foreign currency earnings.
A decisively different approach to value addition would need to be
included in the National Mineral Policy and practical support
instruments must be put in place to facilitate value addition.
4.0 Sustainability Concept in Zimbabwe
The Government at various fora and through its 5 year development
plans has made efforts in pointing out the direction and goal of
mining. There is, however, a need to move further to encompass
recent developments in the sector. The small-scale mining sector
is relatively unorganized and lacking adequate and sustainable
support structures. This should be achieved on the one hand by
managing the surplus / profits emanating from mining for the benefit
of the local populace. On the other hand, this would need stronger
measures to be taken to integrate the informal small-scale miner
into the main stream as well as to throw a lifeline to the mediumscale miner by way of training and providing improved support
services. These services should include funding, technology and
marketing.
4.1 Support Systems
Considering that the sustainable development should take care of
the future and present generations, sustainability in the Zimbabwean
context should be viewed from two main perspectives namely the
framework of the support system and the drivers of change.
The support perspective involves issues like:
• Support Institutions (research and development, know how
training and marketing)
• Physical Infrastructure (roads, power, utilities),
• Capital.
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Status in Zimbabwe
Stage 2 - relative value 8
Stage 4 – relative value 117
Stage 1- relative value 1
Stage 1 - relative value 1
Stage 4 – relative value 2.6
Stage 4 – relative value 68
Stage 4 – relative value 68
Stage 1 – relative value 1

Although there are some institutions already in place (like Mining
Research, Geological Survey, etc) they need to be augmented by
practical mining research and development institutions which would
be responsible for coming up with appropriate technology in the
minerals industry. More importantly is the development of the
financial institutions to support mining ventures i.e. a mining
Development Bank.
4.2 Drivers of Change
The second perspective is that of drivers of change towards
sustainability. After the scan of the macro environment of the
minerals industry using the PEST (Political, Economic, Social and
Technological factors) framework.
The following can be viewed as possible drivers of change which
would foster sustainability in the minerals industry:
• Knowledge management
• Improvement / advancement of mining technology –
hardware and software
• Adjustment of the mining legislation in the direction of:
¾ Black empowerment
¾ Ease of entry into minerals sector
¾ Provision of extension services to the mining
sector especially for enhanced small and medium
scale participation
• Need for restructuring of mining corporate profiles in
favour of the indigenous, formerly disadvantaged to reflect
majority relationship in the country
• Value addition (to include technological support activities
and marketing services)
• Mining supplies industry (restructuring of the industry into
local ownership entities).
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4.3 National Mineral Policy
In view of the above, there is a great need for an all-encompassing
National Mineral Policy whose main objectives would be to:
·
explore the identification of mineral wealth in the land,
·
develop mineral resources taking into account strategic
considerations and to ensure their adequate supply and
optimum use,
·
promote research and development in the minerals
industry, which would actively contribute towards national
benefits,
·
promote environmental and ecology protection through
the harmonization of the various laws governing the
environment and ecology (Chapter 20: 27, Environmental
Act is a positive development),
·
ensure the conduct of the mining operations is done in a
manner compatible with requirements of safety and health
·
ensure economic profitability.
The main objective of the mineral policy would be to put in place
a proper exploration programme for the country, funded by all stake
holders in the mineral industry, probably through a fund managed
by a competent body, housed in one of the arms of the state
corporations.
Other legislative sections that need attention are as follows:
·
The on-going changes in the Mines and Minerals Act,
should stringently stipulate the time frame required
between the discovery and the development of a given
mineral,
·
The Mining (Management and Safety) Regulations should
also be reviewed to strengthen safety standards that are
applicable to small scale mines,
·
The Mining (Alluvial Gold, Public Streams) Regulations,
1991 should also be amended by doing away with the
restrictive mining provision of the 3 metres on either bank
of the stream,
·
Lastly the policy should include a section which facilitates
mineral investment in small-scale mining, stating the
requirement and the forms of collateral in form of proven
ore bodies or deposits. The section on small-scale mining
should also set a new era for the support scheme based on
the reform or review of former but failed support
programmes. Foreign investment would have to be dealt
with in the context of the new political dispensation in
the country. Current wisdom on foreign direct investment
(FDI) needs to be revisited and the basic premise for
accessing FDI needs to reassessed, as currently Zimbabwe
is placed 46 for 2003/4 on the geological and political
index [2].
The support systems and main drivers of change discussed in this
section are viewed by this paper as the main basis of building up a
locally based sustainability concept for the mining and minerals
sector of Zimbabwe.
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equitably distribute it among all stakeholders while letting the
country of origin benefit.
The present scenario not only tells us the unsustainable situation
in Zimbabwe as it is marred by the following:
- hoarding of Exclusive Prospective Orders (EPOS) for the
benefit of the multinationals,
- non supportive financial institutions,
- lack of Minerals Research and Development Institution,
- non-comprehensive Mines and Minerals Act which also
need reviewing,
- unsupported small to medium scale operation, and
- non-encompassing minerals marketing system.
In view of the present status quo the National Mineral Policy should
have special sections dealing with Exploration, Mining (small,
medium, and Large), Mineral Processing, Production of Final
Product (fabrication) and Marketing. The mining policy should
also facilitate the accessing of capital for large, medium and small
mining projects. The development of the appropriate technology
for small-scale miners should be enhanced. The legal framework
should be adjusted to suit the new paradigm shift in the minerals
industry. The mineral policy should also highlight the need to
acknowledge the wasting nature of the minerals and as a result a
more regulated, planned approach to closure should be highlighted.
The Zimbabwean minerals industry structure according to this paper
displays anomalies which run counter to principles of sustainable
development. Overall the concept of SD in the mineral sector has
not started to be felt by the sector and yet that is the only way
Zimbabwe needs to go in order to move forward.
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5.0 Conclusion
Sustainable Development (SD) in the Zimbabwe Minerals Industry
would entail a participatory development which guarantees that
ownership of development projects and proprietary interests are
placed in the hands of indigenous people. The whole process of
development, from start of mine to closure and abandonment should
put beneficiaries at the centre stage. The whole intervention for
change in an area must be wanted, understood and carried out
together with all key stakeholders who want a specific change to
take place among themselves. External partners or investors should
assume the role of process “consultants”. Sustainable development
should seek to create socially and economically active grassroots
communities in areas where mining activities take place. On a
national scale, SD in mining seeks to create wealth and then
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SMALL-SCALE MINING IN ZIMBABWE: DO SCIENTISTS AND
TECHNOLOGISTS HAVE AN ANSWER?
F.D Karonga and L. Madziwa, Department of Mining Engineering, University of Zimbabwe,

1. Introduction
The small scale mining sector of the economy is at present informal
and as a consequence unordered. This has meant a suboptimal
contribution to the socio-economic development of our society. If
development be considered a self perpetuating process, then it
becomes imperative to find means and ways which add to the
efficient and therefore sustainable pursuance of human activities
to this end. In other words, there is a need to integrate the small
mining sector into the formal and thus organized society. Herein
lays the role or the part to be played by scientists and technologists.
Having established that scientist and technologists do have a role
to play in the development and hence integration into the general
economy, of the small mining sector, the question is whether they
do indeed have answers to the issues and problems emanating from
this sector.
It must however be pointed out that the definition of scientist is
here narrowly confined to the natural scientists. A more holistic

approach would naturally be to include the social scientist. This,
in the authors’ view, would be a more fitting description, given the
fact that any human activity, mining inclusive, does have both
components in it.
2. Small-Scale Mining – An Overview
The discussion here encompasses both very small (artisanal) and
small mining (commercial) activities [Davidson, 1993]. Definitions
as to what constitutes a small scale miner abound, from the casual
to the highly technical. The process is further complicated by
whether the small scale miner operates in the precious minerals
area or industrial minerals or fossil deposits.
Table 1.0 is an attempt at profiling the Zimbabwean small scale
miner.

Table 1.0: Profiling the small scale miner
Characteristic
1. Social Background

Comment
Individuals, families and ad hoc
groups, the majority of which are
of rural origin (~ 90%)
None to degreed, but mostly under
2 years secondary education

2. Educational Levels
3. Skills

Technical
Geological
Mining

Barely, literallyStone suck methods
Rare except for former mine
workers with some working
knowledge
Rudimentary, explains tendency to
trust old and inefficient techniques
e.g. Stamp Milling

Mineral Processing

4. Gender Status

Managerial or
Organisational
Commercial
Entrepreneurial
Females

5. Geological Setting

6. Operational Environment

Infrastructure

Physical

Roads
Electricity

Piped Water
Communication System
– Telephone/Cellphone
60

Rare
Poor
Lowly developed
Predominate high (~ 70%) in
alluvial and low in reef mining.
[Tot. av. ~ 40%]. Children do
occasionally work especially in
alluvial workings.
High value, easy to work deposits
minerals (reef outcrops or alluvial
deposits). The workings are
confined to precious minerals,
strategic metals, industrial
minerals and mineral based
building materials.
Rudimentary (mostly gravel or
paths)
Coverage is steadily improving
due to the Rural Electrification
Program, otherwise sporadic and
mostly non-existent
Not available except in few cases
For most operations the telephone
is still inaccessible, the advent of
mobile cellular systems has
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Educational

Schools
Tertiary Institutions

Commercial

Goods Suppliers

Administrative

Service Providers
Government
Council

Security

Social

7. Operation

Technical Level

Welfare
Leisure/Recreational
Facilities

Geological
Mining

Low
Low and inefficient with some
exceptions
Rudimentary and inefficient
Predominantly disorganised

Mineral processing
Degree of
Organisation
Nature

Financing/
Funding

Physical Location
Life Span

Individual
Institutionalised

Migratory
Transient (part time, seasonal and
speculative for the bulk of the
operators, except for a relatively
small hard core group who are full
time)

Employment

Predominant
1. Plant Hire Scheme, Min of
Mines.
2. Productive Sector Facility, RBZ,
Ministry of Finance.
3. Social Development Fund, Min
of Youth Development, Gender
and Employment Creation.
4. Small Scale Enterprises
Development Fund, Min of S & M
Enterprises.
5. Minerals Development Trust,
RBZ, Min of Finance
On an individual basis.
Belongs to the informal part of the
national economy
~ 1 million

Export Earnings

~ 8% *

Government

Private Sector
8. Status in National Economy
9. Contribution to National
Economy

however improved the situation,
although still patchy.
Dependent on rural district, but
ordinarily far from area of
operations
Dependent on rural district, but
ordinarily far from area of
operations
Flea market level and high
speculative
Generally non-existent
Remotely felt
Present but considered ineffective
by operators
On the whole not up to acceptable
levels, but there are exceptions of
locally organized efforts
Non existent
Rudimentary

* Total gold contribution on export earnings is around 50% and small scale mining is presently contributing about 60% of the gold
produced. All in all mining export earnings lie around 35% of total export earnings.
In the process of defining the scope of the field for scientists and technologists, there is a need to map out the challenges facing the small
scale mining sector. This would then facilitate the drawing of a (dynamic) roadmap for the sector and this way contribute to providing
answers for the small scale mining sector.
3. Challenges faced by the Small Scale Mining Sector
The small scale sector faces a lot of challenges but the most important ones are listed below:
1. Insufficient and inadequate Geological Information
2. Poor Technical Skills (mining and mineral processing)
3. Low Technical Equipment capacity
4. Limited or non-existent access to Capital
5. Lack of Management Skills
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Underdeveloped Marketing System
Inadequate and suboptimal Legal Framework for Mining
Tenure (e.g. Exclusive Prospecting Orders)

together with civil, electrical and mechanical engineers contribute
to the freeing of the mineral. Of importance at this stage is the
exploitation of all means of value addition possible as this would
lead to enhanced revenue earnings.

4. Science and Technology – Definition and Role in Small Scale
Mining

Concomitant to all the first four activities is the need to give due
attention to safety, health and the environment, during the handling
of equipment and materials and the consequent impaction of the
environment.

6.
7.

Scientists, in our context, pursue the natural sciences and
technologists are involved in the application of established
principles, from the various physical sciences, to provide practically
useful contrivances or utilities [Kirsten,1991]. Science and
Technology (S&T) constitute a pair of complementary activities
of human endeavour.
The scientist and technologist have a contribution to make in the
integration and therefore formalization of the small scale mining
sector. This is more so if a fragmented, unsystematic and haphazard
approach to this process is to be avoided. At the back of the scientist
and technologist must be the realization that small scale mining
activity is a business activity, whose bottom line, at the end of the
day, is profitability. Generally, the purpose of this business activity
is to produce a much needed saleable and usable high value product
at as low a cost as possible.
The role of Scientists and Technologists in small scale mining can
be best sketched, by giving answers or solutions to the following
situations:
• Where to look?
• How to look?
• How to dig up the ground?
• How to separate the mineral from worthless
material?
• How to safely handle mining and processing
equipment and materials?
The guiding principles for the provision of these solutions should
be accessibility affordability and usefulness. Useful techniques are
already known and the challenge is to bridge the communication
gap between the scientists and technologists on the one hand and
the small scale mining practitioner on the other hand.
The first two situations relate to prospecting and exploration
activities, whereby physicists, chemists, botanists and geologists
are the main players.
The third condition, would involve geologists, surveyors, on the
one hand and mining, civil, mechanical and electrical engineers
on the other.
Processing comes under the fourth situation, wherein chemists,
biologists and biochemists as well as metallurgical engineers
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There exists considerable institutional knowledge in the various
government and private institutions in the country which needs to
be tapped and made available to the small scale mining sector.
Government research centres and parastatals, such as The Institute
of Mining Research (IMR), government departments like the
Geological Survey and Mining Engineering, have over the years
gained a wealth of experience, which should be put at the disposal
of the small mining sector. Private companies operating in the
mining sector, i.e. large and medium as well as private non
governmental organizations, e.g. Intermediate Technology
Development Group (ITDG), German Technical Cooperation
(GTZ) to mention a few, have pursued research and gained
experience which could be useful to the small scale mining sector.
In the light of the above, the issue is for scientists and technologists
to provide a vehicle for the transfer of Know How and Technology
to the small scale mining operator. The transfer mechanism can
take any one of the two forms or a combination thereof. The scientist
can play the role of the facilitator (i.e. providing the links and
perhaps training) or be an implementer (i.e. active player) in the
sector by actually engaging in small scale mining activities.
Alternatively the scientist and technologist can pursue a role which
is a mix of both.
A useful and practical method would be to provide extension
services modelled on the extension and technical services provided
by the Ministry of Lands, Agriculture and Rural Resettlement.
Lessons on outreach programs can be gleaned from Awareness
Campaigns pursed by the Ministries of Health and Child Welfare
as well as Environment and Tourism i.e. Communal Area
Management Program for Indigenous Resources (CAMPFIRE).
5. Concluding Remarks
In conclusion, scientists and technologists can provide answers
useful to the small mining sector. Their immediate role is the transfer
of knowledge to the small mining operator and as the sector
develops the demand on the scientist and technologist will certainly
grow. It is to be hoped that scientists and technologists will be part
of that growth process.
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RECENT DEVELOPMENTS IN COMPUTER APPLICATION IN FIELD OF
STRUCTURAL ENGINEERING
Dr. Ahmad Salahuddin, Department of Civil Engineering, University of Zimbabwe

INTRODUCTION
To an engineering approximation, it is now half a century since the
influence of computers began to appear in structural engineering.
The effect was felt even before the computers became generally
available since their arrival was confidently anticipated.
The transfer of mathematical and physical science to structural
engineering is a matter of historical record in education, research,
and practice. In general this process is not remarkable, indeed
barely perceptible and largely taken for granted. With the new
computer science things are different, mainly due to the speed with
which the technology becomes available. The development of
hardware and the emergence of new computing methods designed
to take advantage of the new hardware, have progressed at an
alarming rate. It seems timely to stand back and reflect on what
has happened, what is happening and, more importantly, what the
future might hold for structural engineering. This review, although
concise, nonetheless it does mention most of the significant
developments.
The computer revolution forecast in the 1950s is in full swing with
even more profound effects than might have been anticipated;
however the adoption of computing in structural engineering has,
with some exceptions, been at a slower rate. This might be
disappointing for some but is not necessarily a bad thing. Engineers
do well to proceed cautiously when new tools, devices, and theories
are offered. However, it is desirable to give the development a
momentum boost from time to time.
Structural engineering has embraced computer science to a
significant extent. As might be expected, the major influences have
been in the field of Information Technology (IT). This has been
evident for some time and the achievements are widely acclaimed
[1], [2]. The reason for this is clear: there is an immediate
applicability, good quality software is commercially available, and
an assured return on software investment. There are, however,
new areas developing which are not so obviously of immediate
value. These include the areas of virtual reality, evolutionary
computing and biological metaphors such as the neural networks,
all offering important advantages in structural design. Generally
progress in structural analysis has been more evident and has
reached a more settled state.
The intention here is to review the history of the development briefly
and then draw attention to current activities in computer science
that are likely to be of future benefit to structural engineers.
HISTORICAL PERSPECTIVE
A time record of the introduction of various aspects of computing
is shown in Figure 1. The 1950s saw the early signs of change. In
structural analysis, we saw the rise of the matrix methods; and, the
development of the finite element method [3] [4] [5] [6] [7]. This
was clearly in response to the arrival of the digital computer. There
were analogue computers as well, and these were useful but in no
way serious competitors of the digitals. At this point, theory was
pushing the practice and this has been the situation since then.
In structural analysis, we saw the competition between flexibilitybased methods and stiffness-based methods. The practical use of
the stiffness methods was impeded by the difficulty in solving large
sets of simultaneous equations but this did not last long. The
stiffness methods emerged the winner, first for large-scale structural
computing, but subsequently for all computing, although flexibility

concepts remain useful for the computation of stiffnesses. This
issue has been more or less, settled for some time now but it was a
fascinating stage worthy of a little reflection. Many structural
engineers will remember, perhaps not with any degree of affection,
the laborious handling of statically indeterminate structures using
energy principles.
Perhaps the most readily accepted computing development was
CAD (computer-aided-drawing). This was so obviously a step
forward that its acceptance was guaranteed.
Computer assistance in management, planning, design, and
fabrication has also been very evident. Auto CAD and other
drawing systems are now commonplace in the design office.
Hardware
The main frame computers of the 1950’s and ‘60s had the most
basic of human interfaces; there was nothing for the user to see!
Until the results emerged onto paper tape or punched cards, one
did not know whether the computation had produced a sensible
result or whether the programme contained bugs. It was a hazardous
business, frequently breaking down and often conducted in the
middle of the night!. Things improved with the advent of the
desktop computer. One of the first machines to attach a monitor
was the Commodore Pet Computer [8].
One could have one of these in one’s office rather than having to
visit a remote computing laboratory where one would almost
certainly have to join a queue.
The development of what we know as a ‘graphics user interface’
(GUI) surfaced with Apple computer and this was to be the
forerunner of the type of GUI we have now. This development has
been central to the rapid exploitation of computer skill, as have
interaction devices, mouse, touch pad, touch screen, and voice. In
particular, the touch screen is one of the most convenient and useful
devices to emerge.
The CD-ROM is now a universal medium for transport of software
and data. Writeable and rewritable compact disks are widely used
along with a variety of large capacity backup devices such as ZIP
drives.
Processing speeds have continued to rise at an impressive rate.
Until recently, a one gHz processor was considered a distant target,
now this is history and speeds continue to rise whilst relative costs
come down. The two gHz processor is now common place.
For a considerable time, memory was a problem and much time
was spent devising numerical procedures that would enable bigger
computations to take place with the memory available at that time.
We have now reached the stage where, in most circumstances,
memory is virtually unlimited and new, even better, types of memory
are around the corner. These circumstances are repeating
phenomena in computer science where considerable effort is
expended to achieve a result only to have it consigned to the
archives as science and technology (S&T) move ahead.
The research workers should be well aware that their work is likely
to be of a short-lived usefulness.
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Software
Early programming was directly in binary form (machine language);
few engineers could cope with this. Most early computer users
used an interpretive language. Some were called ‘autocode’ and
matrix interpretive schemes were useful in structural analysis. Early
forms of BASIC were interpretive [8]. In an interpretive computer
language, the user writes code in a convenient form according to a
set of rules, the programme is then ‘interpreted’ by the computer
during the computation and this interpretation has to be carried
out each time the programme is used. Frequently, the programming
language includes a facility for the user to convert (compile) the
programme into a machine understandable form. This improves
the speed of operation since the compiled programme is
immediately executable. Most languages now provide optional
styles of compilation.
Structural Analysis
The digital computer made itself known in structural analysis in
the 1950s. In the 1960s, the early textbooks appeared – their
emphasis being on structural theory cast in matrix form, clearly in
response to the arrival of the computer. The flexibility method
was popular perhaps because it followed more closely on the
traditional teaching of structural analysis with its emphasis on
‘redundant’ structures and energy methods. The stiffness method
was not so popular in those days since it generally produced more
unknowns and larger sets of simultaneous equations to be solved.
In any consideration of the history of teaching structural analysis,
one must mention the method of moment distribution by Hardy
Cross. This was not only an extremely useful method of manual
calculation but was also an important educational tool since the
method was easily described as a physical process. The adaptations
of the method were many – indeed it did form the basis of some
computer programmes. Sadly, the method is outdated and
professors have had to develop new methods of imparting
understanding of structural behaviour. Naturally one looks to
computer modelling to assist this.
The decline of the flexibility method has also been responsible for
some loss in teaching support. The construction of distribution
diagrams, moments, thrusts, sharing forces etc, in a statically
determinate version of a structure was a very useful form of training
for the student in applying statistical principles. This need remains
and must be met in some other ways.
Design
Whilst considerable freedom exists in graphical/functional design,
structural design for strength, serviceability, and materials is
controlled largely by codes of Practice. Therefore, computer
software must be written within the provisions of the appropriate
code whilst retaining scope for the designer’s innovation.
Progress has been made in the transfer of much deign data to CDROM and a considerable amount of design software exists.
The Spread Sheet
In the two-dimensional spreadsheet, the computer screen displays
a rectangular array of cells. These cells contain numbers, formulae,
or text; usually numbers. The cells are all addressable, e.g., cell
C34 is at the intersection of row C and column 34 in the two
dimensional array. Once data and formulae have been entered
into the spreadsheet, computation is automatic; and, now the power
of the spreadsheet becomes evident. If a change is made in the
contents of one or more cells, the relationships entered by the user
are applied and the spreadsheet contents are automatically updated.
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Knowledge-Based or “Expert” Systems
An expert system in a specific subject, e.g., concrete making, is a
computer programme which combines a collection of facts, called
a ‘knowledge base’ with a reasoning facility, an ‘inference engine’,
connecting facts with rules. A typical reasoning situation might
contain logical questions like:
IF (factors (A and B and C ….)
THEN(rules (what options are appropriate))
Thus the knowledge and reasoning power of the expert or experts
is encapsulated in the programme [9].
Expert systems emerged in the 1960s, and have been used in a
number of areas such as medical diagnosis, and many of the physical
sciences; they have had significant success in the field of
construction. The expert system has the advantage that, with
increasing knowledge in a subject, updating is relatively
straightforward. Clearly, an expert system will be more useful if
the scope of the subject is carefully limited, and if the userinstructions are clear and comprehensive.
The Internet
The complete global system of millions of computers,
interconnections, hardware, software, and data constitutes the
Internet. The World Wide Web (www) is the name given to the
system of information distributed amongst the computers of the
Internet system. This information can be accessed and viewed
from one’s own computer using a web browser [10].
Information of all sorts is flooding onto the web. Taking structural
design as an example, it is virtually certain that all the information
needed, codes of practice, material properties etc., will be available
on the Internet.
Furthermore, it will be possible to keep this information
continuously updated. The basic principles of connection of the
various levels of the www are shown in Figure 2. Tier 1 providers
connect with the various Internet Service Providers (ISPs); these
are the providers with which, we, the users, connect.
Search strategies are important. Search engines scan the web using
keyword searches on a specific subject. One needs to learn to use
key words effectively, e.g., Alta Vista uses keywords and
commands, such as ‘evolutionary AND computing’. Such key
words will restrict the search to web sites with both words in the
title. Other commands include OR and NOT.
Google.com is an ‘intelligent’ search engine providing excerpts of
text matching the query.
“Bandwidth’ is the term used to describe the rate at which data can
be transmitted over the telephone wires that currently have a low
bandwidth capability. Broadband transmission is becoming
increasingly available.
STRUCTURAL ANALYSIS

Stiffness, Flexibility, and Finite Elements
A profound influence was felt in the 1950s/60s from the field of
aircraft structures, where there was a need to develop methods of
handling more complex structures under more onerous loading
conditions [11]. Much of this work on matrix structural analysis
was used in developing structural analysis software more suited to
civil engineering structures. The finite element method was a major
development to result from the improving computing facilities.
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The Banded Stiffness Matrix
The stiffness method, one termed ‘slope deflection,’ was not
generally a popular method because of the need to solve the
equations of equilibrium which usually exceeded in number the
equations of compatibility that were generated in the flexibility
method. Once it was realized that with larger number of unknowns
(displacements), the stiffness method exhibited a ‘banded’ form
with all the non-zero coefficients close to the leading diagonal,
then the stiffness method ‘took off’ and the subsequent development
was extremely rapid. Not only was the matrix banded, but in usual
circumstances it was symmetric so the ‘half-band’ width controlled
the amount of computation in the solution. Research workers were
very active in this field of sparse matrix handling, and methods
were developed for solving very large sets of simultaneous
equations quite rapidly.
Handling Data in the GUI
One of the early difficulties was in the keying-in and checking of
large quantities of data. The GUI changed all that, since it provided
facilities for copying repeated data, coordinates, geometry, member
properties etc. and for checking and editing stored data. The use
of dialogue boxes has speeded up the input of data in the GUI.

Integrating Analysis with Design
When a structure is at the design stage, the designer must decide
when it should be analyzed to produce displacements and stress
resultants in order to check the design constraints. If this checking
process causes changes to be made in the design variables then,
strictly, a re-analysis is required. Of course the designer can simply
update the data files in the analysis software and carry out an ab
initio analysis but we should be able to do better than this by
integrating the software. The computationally different natures
of analysis and design are awkward on the computer and the
designer may well defer any re-analysis until the design is deemed
to be complete. The structural designer has become accustomed
to pursuing design activity without an integrated facility for reanalysis.
Ideally these two separate processes should be integrated so that
the re-analysis is automatically incorporated in the design activities.
Analysis software based on the stiffness method and using the
banded nature of the matrix is difficult to adapt for incorporation
in the design procedure. A flexibility-based method using the
architecture of a simple neural network has been proposed as a
suitable method of re-analysis [13]. This approach is feasible only
because of the enormous increases in processing speeds and
memory capacity of modern computers.
The re-analysis tool has also proved useful in carrying out the
analyses needed in preparing data for training a neural network
and in the computation of influence surface ordinates in space
structures [14], [15].
DESIGN
In many ways the most exciting developments have taken place in
structural design.
Computer-Assisted Drawing
AutoCAD and similar systems are now universally employed in
structural design offices. The software is excellent and
comprehensive in 2- and 3-dimensional modelling and detailing.
Indeed 3-dimensional modelling is rapidly becoming the norm.
Modern drawing software provides a very suitable environment
for an evolutionary approach to design and facilitates ‘open access’
to design data for the design team.
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Design Data and Codes of Practice
The old design ‘handbooks’ are virtually replaced by computerized
design systems and CD-ROMS, which are easy to update and adapt.
Structural Steelwork: Computer Integrated Manufacturing
(CIM)
This large-scale development involved over 40 collaborators in
eight countries and aimed to improve the efficiency and
effectiveness of the European Constructional Steelwork Industry.
It involved harmonization of design codes and specifications, and
introduction of CIM techniques for the design, analysis, detailing,
scheduling, fabrication, erection, and management functions. The
main purpose was to promote the adoption of information
technology and of standards for sharing engineering information.
Structural Concrete
Computerisation of concrete design has been somewhat slower than
that for structural steel but is now well established with much good
design software. There is considerable scope in reinforced concrete
design for the use of the trained neural network. Wherever there is
a substantial influence of empiricism in the established design
methods and/or difficulty in establishing general mathematical
relationships, the neural network can help.
The reinforced concrete deep beam is frequently analysed by
simplified behaviour in the form of a truss. Although this analogy
has had considerable success, it is significantly removed from the
fundamental behaviour of the beam. This can be represented in a
more generalized way by using a simple ‘trained’ neural network
[14]. The neural network is capable of modelling relationships
between design variables where explicit mathematical relationships
would be difficult or impossible to obtain.
IMPROVING DESIGN
Two biological metaphors offer considerable promise for the future
of structural design.
Evolutionary Design Computation
‘Evolutionary computing’ is an online adaptive process where
progress depends on the current state and how this was reached.
Design has always been an evolutionary process in which we try to
improve what we have, the process of evolution depending on the
circumstances. In trying to improve the evolutionary process, two
broadly different approaches appear. We can leave generation of
ideas to the designer and concentrate on developing more
computerised assistance or we can take a more ambitious attitude
and seek to bring the computer into the evolutionary process. Here
we are thinking of introducing evolutionary concepts into the part
of the design routine taking place inside the computer. It is
suggested that this is the direction in which design will develop in
the future.
The concept of an evolutionary design progression implies the use
of a ‘merit’ or fitness assessment of the value of the design [16].
For want of a better criterion, much research on the optimum design
has sought to minimize the volume of material in the design. It
has, of course, always been recognized that this criterion was of
limited value; however, it allowed the effectiveness of methods to
be comparatively assessed. An alternative criterion based on cost
might be more attractive but other less easily quantified criteria
should also be examined. Now that effective methods of
maximizing a merit function are available using evolutionary
computing, it is time to explore methods of defining ‘merit’ in
design.
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A New Type of Formula – the Neural Network
Engineers are trained to use mathematical approximations to fit
straight lines and curves to experimental or computed data. The
success of this depends on having a small number of independent
variables in the situation, perhaps two or three, and on having
adequate data. The neural network will do this job for one and
will be capable of handling many more variables and much more
complex relationships between the variables [22], [23]. A neural
network is trained to produce results from given data rather like a
formula or a table of values. We train a neural network by first
assembling a set of data, including values of the independent
variables and the corresponding values of the dependent variables.
In the training phase, the result is known so one can quantify the
error. We now adjust the values of weights to reduce the error and
run the net again. This is repeated until the error is reduced to a
target level. The network is now deemed to be trained and can be
used with as yet unseen values of the variables to obtain a result.
If the training has been carried out properly with a representative
set of data, and if the desired values of the variables lie within the
scope of the data used for training, then one will have a reliable
result from the trained net. In passing we note the phenomenal
success of the neural network in a medical image analysis and its
promise for applications in many areas of engineering [24].
Virtual Reality in Design
In virtual reality (VR) the user enters a computer-generated artificial
3-dimensional environment and interacts with a developing image
of, for example, the interior of a building under design. The user
can now ‘walk-through’ the building in virtual reality and can form
judgments on the feasibility of the layouts, the inter-relationships
of the rooms and other design features, retracing steps whenever
desired. VR can also be applied to the construction process
allowing the designer to view the sequence and hence the feasibility
of planned construction.
SOME PROJECTIONS TO THE FUTURE
The Internet
In this consideration of the advance of computing, we have not yet
met anything with such widespread potential influence as the
Internet. Information of all kinds is being deposited on the web at
a phenomenal rate. The important thing is to learn to get at the
information wanted and extract it. Take structural design for an
example: we shall be able to access the codes of practice and design
data automatically. It will be possible for all this information to be
updated whenever changes are made. Design can be carried out in
a ‘web-enabled’ environment. The client can visit the current state
of a design without moving from his/her desk. The design process
can thus be more efficiently conducted and time saved.
This is undoubtedly one of the most fascinating developments
facing us with enormous potential for exploitation; however, ‘cyber
crime’ threatens the use of the Internet. The Central Bureau of
Investigation (CBI) has stated that two-thirds of its members have
suffered cyber crime attacks. Hacking into computer systems is a
well-developed activity, threatening the security of software and
data. Security is a serious problem that cannot be ignored. The
best that the computer industry can do is to stay one step ahead of
the hacker, and so far this has been largely achieved.
Structural Design
Design, already ‘evolutionary’ in concept, can be made more so
by giving the computer a central role in the evolutionary process.
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Parallel Computing
Parallel hardware and software have been available for quite some
time; but, have been used with some hesitation in general. In
computationally intensive circumstances like finite element analysis
with many thousands of degrees of freedom, parallel computing
enables solutions to be obtained in a reasonable time-period without
recourse to approximation [25].
Parametric Analysis
This has always been a useful exercise in engineering; it can identify
the relative importance of the independent variables and steer the
design in a helpful direction. Computers are not needed to do this
but they can be of enormous help. Parametric analysis has always
been a valuable topic in engineering education.
Re-Analysis Integrated with Design
Designers may well hesitate to admit that the absence of an
integrated re-analysis facility is a handicap in design, but if it were
available, would we use it? The answer is certainly ‘yes’. It is
likely that the complete integration of analysis and design will be
achieved in the foreseeable future.
Hardware and Software
Looking at processing speeds and capacity, there is no evidence of
a slowing down in the rate of progress; so can we confidently adopt
a visionary attitude? It would appear so and is recommended.
The production of software is a matter for the software houses;
and, it is the responsibility of the research worker to persuade them
that new developments are viable for commercialization. Software
written by research workers in pursuance of their work is generally
not in a suitable state for commercial marketing.
Education
In the long-term this is the key to progress. Short-term adoption
of new theory and facilities relies to some extent on in-service
continuous training, particularly of young engineers; but in the longterm fundamental changes are needed in education of young people.
Even a cursory scrutiny will reveal that these changes have been
taking place for some time. The improvement in computing
facilities has been accompanied by a shift in emphasis in teaching,
especially in structural analysis, towards more computer-oriented
methods. This has generated serious concerns about the
development of a ‘feel’ for structural behaviour and a confidence
in results.
Engineering education has changed and must continue to change
to ensure that future developments will be in the hands of welltrained young engineers. The development of computer-assisted
learning CAL) has been largely local with little general
coordination. The Internet offers an opportunity to achieve the
needed wider coordination. The teacher of structural engineering
has never been provided with more challenging or promising
opportunities than is offered by CAL.
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DEVELOPMENT OF A LOW-COST AUTOMATIC IRRIGATION SCHEDULING
SYSTEM FOR SMALL-HOLDER FARMERS

F Gweme and X F Carelse, Electronics and Communications Institute,
Scientific and Industrial Research and Development Centre,
Abstract
There is a crying need for irrigation systems that are efficient and sold at
affordable prices. Work is being carried out at the University of Zimbabwe,
on the development of a very low-cost electronic data-logging system
for the monitoring of microclimates of small farms. The University of
Leuven, Netherlands has developed a system of charts supplied to smallholder farmers in Tunisia, a drought-prone country on the edge of the
Sahara Desert. The farmers are trained to record levels of rainfall,
maximum and minimum ambient temperature, wind velocity, the number
of preceding days without rainfall, and other parameters. Then, using
the charts as a guide, they are able to determine the exact amount of
water that should be applied to the land. The Electronics and
Communications Institute of SIRDC intends to combine the studies
conducted at the two universities. Using the data from the low-cost
microclimate monitoring system, a microcontroller-based embedded
control system will be incorporated in an automatic irrigation scheduling
system. This system will incorporate in software, an algorithm based on
the Leuven charts and will control automatically the amount of water
that will be applied to the land. It is anticipated that such a system will
optimise the use of scarce water.

1. Introduction
In a drought-prone country such as Zimbabwe, the need for
irrigation as a means of boosting production is clear. Because of
the limited supply of water in the communal lands, it is important
that all the farmers are assisted to pursue correct irrigation
operations. Such operation for a farm cannot be decided accurately
without a detailed knowledge of the day-to-day influences of
weather, wind speed and direction, air and soil temperature, the
presence of underground water flows, humidity, soil water content
and other relevant factors. This form of information gathering is
known as micro-climate monitoring (MCM) and is extensively used
on large-scale commercial farms. Medium-scale, and most certainly
small-scale, farmers do not use commercial monitoring systems
because of their high cost.
Irrigation scheduling is about providing crops with the right amount
of water at the right time. Proper scheduling involves the analysis,
in real time, of all the factors that determine the amount of water
that a given plot of land requires to meet crop water needs. This
analysis brings together a variety of information such as the type
of soil, the crop, the season, the rainfall pattern over the immediately
preceding period, the planting layout, soil moisture content, ambient
temperature, insulation, wind velocity and direction, relative
humidity and even the layout and capacity of your irrigation system.
Good irrigation scheduling is the application of the right amount
of water at the right time to ensure that water is available when the
crop needs it.
1.1. Microclimate Monitoring
Climate is usually defined as the average weather conditions
prevailing over a long period of time, typically 20 years. Over
many years, the amount of rainfall per day, per month or per annum,
is recorded. So also is the maximum and minimum ambient
temperature, the atmospheric pressure, and various other
parameters, which collectively constitute the measurable aspects
of weather and, according to the definition, of climate. On a
macroscopic scale, climate is controlled by global atmospheric
conditions such as variations in atmospheric pressure and the
temperature of the oceans and seas. To a large extent, the rotation
of the earth, from west to east, the disposition of the oceans and
ocean currents with respect to the continents, determines the amount
of rainfall and therefore the vegetation that is able to flourish in a
68

particular part of the globe. Thus natural vegetation is indicative
of the climate.
This is, of course, not necessarily the case when dealing with a
small plot of land such as a farm. The vegetation on a farm is
inherently artificial or, rather, cultivated, as it is usually described.
This artificiality is partly expressed as single-crop cultivation, as
well as by the manner in which the farmers control the climate on
their farms, albeit microscopically. The microclimate of the farm
is controllable. In fact, the more the farmers are able to control
this microclimate, the more likely they will be able to guarantee
the successful harvesting of their crops.
The following techniques will be used in the project:
1.2. Microcontroller-Based Data Acquisition
In much the same way that global or macroscopic climate is
monitored, so also should microclimate be monitored. However,
some new parameters, such as the moisture content and acidity of
the soil, wind turbulence, should also be noted. Recently it has
become possible for commercial systems to be computer monitored
and controlled, sometimes, with dedicated computers. Such systems
are clearly expensive and can only be afforded by very prosperous
farmers. Now electronic technology has advanced to an extent
that it is feasible to consider reducing the cost of an automatic
control system to the extent that it could become affordable even
by medium or small-scale farmers. Instead of using a computer,
the monitoring and control is managed by a microcontroller, which
is inexpensive and is becoming increasingly powerful in the
facilities that it offers.
The microcontroller is sometimes described as a “computer on a
chip” because it incorporates, on a single chip all the functions of
a full computer [1,2]. It is an advance on the better-known
microprocessor and is incorporated in so many industrial
instruments, controllers, and devices, that more than ten times as
many microcontrollers are manufactured worldwide than are
microprocessors. In the last decade, because of this high rate of
production, the cost of microcontrollers has dropped substantially
and, at the same time, the expertise for using these devices has
grown dramatically. Present-day microcontrollers contain on-chip
analogue-to-digital converters that simplify the measurement of
climatic parameters. Microcontrollers are also able to manipulate
data and store it on solid state memory for later retrieval.
Microcontrollers are therefore ideally suited for the development
of very low-cost data logging or data acquisition systems, especially
for environmental monitoring [3].
At the University of Zimbabwe, two research projects related to
microclimate monitoring are in progress. The Microclimate
Network Project was started two years ago and, this year, the
Microclimate Sensor Project, was also launched.
1.3. The Microclimate Network Project
Microclimate monitoring is undertaken through a network of
miniaturised microcontroller-based data acquisition systems,
originally developed by Mukaro and Carelse [4]. The data
acquisition system (DAS) was capable of measuring four
parameters, each measurement being calibrated against a reference
voltage source to maintain a high degree of accuracy. A programme
was also developed for connecting the DAS to a laptop computer
so that the data accumulated by the unit could be easily downloaded
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and analysed [5]. Having done this, the computer then resets the
DAS. Figure 1 shows the schematic diagram of the DAS capable
of measuring wind speed, solar radiation, evaporation, soil
moisture, sub-surface capillary, subsurface water flow, rainfall, etc.
Work is now being undertaken in the Department of Computer
Science, at the University of Zimbabwe, on the use of an array of
such data loggers in a network supervised by a single desktop
computer. The project is aimed at developing the protocol required
for the computer to address each data acquisition system separately
and to download any information that it contains. One parameter
is monitored in an array, which could be two-dimensional of threedimensional.
When the central computer collects the data, it may be displayed
graphically for easier analysis. In this way it is envisaged that a
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complete three-dimensional profile of the parameter could be
monitored in real time.
1.4. The Microclimate Sensor Project
A parallel investigation is being undertaken by Kamunda [6] in the
Department of Physics, at the University of Zimbabwe. By studying
a number of climatological parameters, using various sensors, it is
aimed at identifying and, if necessary, developing sensors which,
while being inexpensive, are capable of measuring such parameters
to an accuracy sufficient for the needs of a farmer.

Figure 1: The microcontroller-based data acquisition system developed by Mukaro and Carelse [4]
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2. Irrigation Scheduling
2.1. Soil Water Balance
In Figure 2, shows the model of soil water balance, which has
been developed by Raes [7] for the assessment of irrigation
scheduling.

Solar
radiation

The factors that influence the SWB are calculable. For example,
the evapo-transpiration rate may be derived from the Hargreaves
equation that has been shown to have global validity [8]
ETc = ET0*Kc
Where Kc
is the crop factor
and
ET0
is the reference evapotranspiration (mm/day),
and is given by
ET0 = 0.0023(Tmean + 17.8).(Tmax – Tmin)0.5.Ra
where Tmean
is the mean daily temperature (°C)
Tmax
is the maximum daily temperature ( °C)
Tmin
is the minimum daily temperature ( °C)
Ra
is the extraterrestrial radiation in equivalent
evaporation (mm/day)
Using the SWB model, the amount of water that is required by a
plant at any time may be calculated as the root zone depletion that
must be replaced by irrigation. In order to maintain maximum
growth of the plant, the amount of water that is lost by the plant
must be replaced by irrigation in the absence of rainfall.

Evaporation

3. Computerised Techniques

Solar
pyranomet

3.1. Irrigation Charts
A worldwide long-term study of the meteorological conditions
relating to the reference evapotranspiration and rainfall patterns
on irrigation scheduling has allowed four weather types to be
distinguished. This is shown in Table 1.

Soil moisture
Sub surface

Table 1: Meteorological conditions
Capillary

Percolation

Figure 2 : Soil water balance model
The soil water balance (SWB) is usually expressed as the root
zone depletion and is expressed as follows:
Dr,i = Dr,i-1 + (ETi + ROi + DPi) – (Pi + Ii + CRi)
Where Dr,i
is the root zone depletion (in mm) at the end of
day i
Dr,i-1
is the root zone depletion (in mm) at the end of
previous day i
Pi
is the rainfall on day i
ETi
is the crop evapo-transpiration on day i
DPi
is the water loss out of the root zone by deep
percolation on day i
ROi
is the runoff from the soil surface on day i
Ii
is the net irrigation depth infiltrating soil on day
i
CRi
is the capillary rise from the ground water table
in day I
Month
Decade
Mean rainfall
Weather conditions
Hot and dry
Dry
Normal
Wet
Growth period
Sensitivity to water stress
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Weather type
Hot and dry
Dry
Normal
Wet

Evapotranspiration
20% of ET0
40% of ET0
Mean ET0
60% of ET0

Rainfall
No rain
80% of normal rainfall
Mean rainfall
120% of normal rainfall

This analysis led to the design of irrigation charts using the
Irrigation Scheduling Information System (IRSIS) proposed by
Raes [9]. IRSIS was used successfully for irrigation scheduling in
Tunisia. A set of charts were devised to assist farmers to plan their
irrigation schedules according to various measured or estimated
parameters such as type of soil, number of preceding rainless days,
wind velocity, humidity, soil moisture content, insulation and air
temperature. The rationale behind these charts will be used in the
proposed investigation, to devise an algorithm by which irrigation
may be scheduled automatically through a micro-controller-based
system.
The SWB model has been used by Musandi [10] in the Agricultural
Meteorology programme conducted in the Department of Physics,
at the University of Zimbabwe, as a basis for choosing the most
appropriate microclimate parameters to monitor for an optimised
irrigation schedule. This work was carried out on farms near
Marondera, a town about 90 km east of Harare. Table 2 shows the
chart that was adapted from one drawn up by Musandi [10] for the
planting of potatoes.
Table 2: Irrigation chart for potato cultivation in the
Marondera Area

Dec
Jan
Feb
3
1
2
3
1
53
43
48
45
43
Interval between irrigation (days)
5
7
5
4
3
20
12
5
4
7
No irrigation 10
7
8
No irrigation
Establishing Vegetative
Flowering
Moderate
Very sensitive Sensitive

2
33

3
17

Mar
1
16

2
15

4

3

4

6

Yield formation
Very sensitive

3
11

Ripening
Moderate

Apr
1
6

2
3

Solar
radiatio
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The days were divided into ten-day periods, called decades, there
being three decades in one month. The mean rainfall is then
recorded for each decade and the meteorological conditions (see
Table 1) observed. A decision is made, based on the observed
meteorological conditions for the decade, on the interval, in days,
between subsequent irrigation of the crop.
3.2. Automatic Irrigation Scheduling
Gweme and Carelse, of the Electronics and Communications
Institute at the Scientific and Industrial Research and Development
Centre (SIRDC), have undertaken the task of developing an
affordable automated irrigation scheduling system to address
specifically the needs of the medium-scale and small holder farmer.
This project will be developed closely with related projects at the
University of Zimbabwe, and will be tested on land cultivated by
the Biotechnology Research Institute of SIRDC. The project aims:
• To ensure that such an irrigation scheduling system is be able
to withstand the rigors of a tropical environment.
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performs with reasonable accuracy
and speed.
• Complicated formulae The conversion from input to output
may also be performed through
lookup tables, with graphical
interpolation giving increased
accuracy.
• Control

Microcontrollers have channels that may be
either inputs or outputs. Output are
normally switched and could be used
to open or close a valve. If analogue
control is required, pulse-width
modulation (PWM) is used. A few
microcontrollers have in-built PWM
capability.

• Records

Integrated circuit technology have led to the
development of serial electrically
programmable ROMs that are
compact and inexpensive. These are
ideally suited for use with
microcontrollers

• To ensure that the design, construction and use of the irrigation
scheduling system is such that it can be implemented effectively
by users with low technical knowledge and skills and with little
technical support.
• To develop an appropriate algorithm that determines the most
economical irrigation schedule based on the data gathered by
the MCM system.

• Up-loading of data

Microclimate monitoring ensures that irrigation can be closely
monitored and controlled, so that the inputs needed to optimise
crop yield may be provided. For example, sensors in the soil
measure the moisture content available to the plants at a number
of depths and sites. These sensor readings are collected and
analysed in the data logger at regular intervals. The automated
irrigation scheduling system makes a decision, on when and how
long to irrigate and how much water to use, based on this analysis
of data to keep some parameter constant all the time.
3.3. Microcontroller-Based Irrigation Scheduling
Microclimate monitoring is clearly the precursor to irrigation
scheduling and it would seem logical to extend the use of
microcontrollers in the former to automated irrigation scheduling.
The microcontroller has all the facilities that are associated with
the computer [11].
• Real time clock.

• Constants.

The use of a crystal-controlled clock
can allow the scheduler to keep
accurate track of the time of year.

Constants such as crop type, soil type and land
slope, may be input into the readonly memory (ROM) of the
microcontroller.

• External parameters. Variable parameters such as rainfall,
humidity and air temperature, can be
measured by means of sensors and
converted to numbers with which the
microcontroller can assess the
environmental and weather
conditions.
• Charts.

Look-up tables are the equivalent of charts and
may be stored in ROM.

• Simple formulae.

Microcontrollers are able to perform
simple calculations and, provided
the formulae do not contain
complicated
transcendental
functions, these calculations may be

Mukaro and Carelse [5] have developed
a serial communication programme
that allows a desk-top computer to
access and read data from a
microcontroller-based
data
acquisition system. The technique
is being extended at the University
of Zimbabwe, Department of
Computer Science, so that data
could be accessed from a network
of such data acquisition systems.

4. Conclusion
All the requirements as well as the expertise already exist for the
design and development of a low-cost automatic irrigation
scheduling system. Such a system offers a number of benefits to
the farmer, amongst them the following:
• An increase in the yield and quality of the crop by knowing
when and how much water to use to irrigate the crop at any one
time.
• A saving of water by close monitoring of the soil moisture
content at all times.
• The use of the precise amounts of water reduces the possibility
of nutrients being leached from the soil through excessive
irrigation.
• Such leaching causes salination of the underground water table.
• Increased run-off also leaches the salts into nearby rivers and
streams, causing environmental damage.
SIRDC already has plots of land under cultivation for testing of
plants, in the Biotechnology Research Institute. A plot of land will
be set aside for the testing of the irrigation scheduling system. The
expertise for developing micro-controller-based measurement and
control systems already exists at SIRDC.
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SCIENTIFIC EQUIPMENT – THE POLICY PERSPECTIVE.
S Chimsoro
Network of Users of Scientific Equipment in Eastern and Southern Africa (NUSESA),
National University of Science and Technology, Balawayo

The state (with respect to form, condition and quantity), of equipment
used in science and engineering research, instruction and service provision
is an indicator of a nation’s level of commitment to development. Scientific
equipment (SE) is a vital component of the system that brings about
development. All components of any system need to be functional and
readily available for targets to be met. When one component is not
contributing efficiently and effectively the level of achievement is
compromised. Such is the case with scientific equipment.
After NUSESA carried out several training workshops for laboratory
personnel from the region, it was hypothesized, by the author, that
institutions paid little attention to the issues of scientific equipment policy.
A survey was carried out in two parts. First, was a survey on the Internet,
for the policy holding status of institutions outside and within Africa.
Second, a written questionnaire was sent to institutions in Africa. The
institutions included universities, research centres and government
ministries. The policy holding status and the issues addressed by the
policies were analyzed. Using as benchmark the role that has been played
by scientific equipment as a national resource in bringing about the
development of the developed world, the author argues that lack of
scientific equipment policies contributes to the retarded growth of
developing countries.
Key words:
Scientific equipment policy, Scientific equipment as a resource, Value of
scientific equipment and Net National Product

Introduction
It has been found that in most non-profit making institutions in the
Southern African region there are no policies that give scientific
equipment the place it deserves as a component in the development
machinery1. The issues covered by a comprehensive scientific
equipment policy document will be indicated. The issues and
problems are touched on briefly as the details can be found in
references. The discussion on the relevance of scientific equipment
to development is based on the Net National Product Formula.
The Survey
The survey was conducted in two parts. There was an Internet
survey of universities and research institutions and donor
organizations outside Africa as well as a questionnaire survey for
a variety of other institutions inside Africa. The Internet survey
scanned for scientific equipment policies of institutions in the
American, Canadian, Australian and some European countries that
show a lot of success in research. It was assumed that one of the
factors contributing to this success is availability of reliably
functional equipment. Benchmarking our region’s performance
using this criterion would be beneficial.

The questionnaire divided respondents into three categories:
institutions with an established policy, institutions with no policy
and institutions whose policy holding status was not known. In all
cases they were asked to list the themes that they were aware of
and how these themes were handled. There were also questions on
accessibility and review of the policies.
Results
Internet survey
On Internet, it was found that there was no standard organizational
format, or common idioms being used in the indices of the
institutions policies. For instance, at different institutions,
procurement policies were handled in different offices. All the same,
the policies addressed most of the issues relating to scientific
equipment.
Questionnaire survey
Less than forty percent of the institutions responded. Figure 1 shows
the profile of the respondents to the questionnaire. The largest
number of respondents were universities and government research
institutions. Most private institutions did not respond at all.
Figure 2 shows that the majority (64%0 of the institutions did
not have an institutional scientific equipment policy, while only
19% of them had such a policy.
The table lists a number of issues that were addressed by the
institutions that had policy instruments. These were issues that
many institutions had not addressed.
RESPONDING INSTITUTIONS
Donor
University
Type of Institution

Abstract

Supplier
Private Service Institution
Non-Governmental Research
Institution
Industrial Firm
Government Service Institution
Government Research Institution

0

5

10

15

20

Number of Institutions

Methodology
The themes expected to be in the policies were identified. Over
150 web sites were visited via a Google search for these themes.
The following key words were used: university policy index,
equipment, instrument, research, scientific, maintenance,
procurement, purchasing, insurance, risk, resource allocation, and
continued professional development.
With scant information on the Internet on policy issues at African
institutions, resort was made to a paper questionnaire survey. About
100 questionnaires were sent to senior officers in government
research institutions, government service institutions including
hospitals, universities, polytechnics, and suppliers of scientific
equipment. Through the International Foundation of Science, donor
organizations, former grantees and, selected persons in research
establishments were contacted.

Figure 1. Responding institutions
Equipment Policy Holding Status
Unknown Status
17%

Policy Established
19%

No Policy
Established
64%

Figure 2. Equipment policy holding status
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Table: Issues addressed in policies or practices
Theme
With Policies

No Policy/
Not Known
2
2
4
2
3
2
1
1
1
3
1
2
1
2
1
0
2

Ownership (Title)
Selection
Purchasing
Procurement
Standardization
Documentation
Maintenance
Repair
Transfer
Sharing
Audit
Upgrading
Depreciation
Replacement
Lease
Fabrication
Training

5
2
7
3
5
6
7
7
4
4
4
5
3
6
2
4
5

Safety

6

1

Donated Equipment
7
Cannibalization 1
Other (List) Security
1
Issues per policy 94/7 =13.4

1

Scientific equipment has value like other resources. There is the
price value, which is easy to determine making it easy to formulate
policies, as is the case with plant and machinery for factories. There
is the shadow value, which arises from its management, and also
the “innovation penalty value” born of the uncertainties of the
potential of improving a technology and marketing it.
To assign value to scientific equipment the Net National Product
(NNP) is looked at first as it embraces the themes that a scientific
equipment policy addresses. The NNP for evaluating changes in
aggregate well-being of a people5 from an environmental resource,
is arrived at on the assumption that it is multi-purpose, man-made,
perfectly durable capital good.6 One form of the NNP equation is
given as7
NNP

=

1
0
34/23 = 1.5

Discussion
Very few institutions in the region had scientific equipment policies
in place. Some respondents referred to Acts of Parliaments or
national policies as their institutions’ policies. Those institutions
that had a policy, had one that covered a limited range of issues.
The prominent one was procurement for information technology
equipment. Even fewer policies are backed by procedure manuals.
For the seven (7) institutions that have scientific equipment policies,
the themes covered are at an average of 13.4 themes per policy
when the expected was over twenty issues per policy. The other
group of respondents had on the average, 1.5 themes per policy.
The survey validated the hypothesis that a correlation exists
between the problems experienced and the inadequacies of the
policies being used. For example, lack of operation, maintenance
and repair expertise against lack of a training policy; procurement
or donation of inappropriate equipment against lack of consultation
with users and functional equipment not being used because of the
mobility of researchers against unfavourable policies of tenure or
staff remuneration.
The Value-Policy Framework
Researchers, educators and service providers in the Southern
African region are always asking for funds for the purchase of this
and that type of scientific equipment. Then at some belated moment,
some institutions report on the acquisitions of state-of-the-art
technologies and facilities in our institutions. In no time the same
institution announces the need to replace the same state of the art
items with new and more advanced specimens, citing problems
with the earlier acquisitions. The cycle goes on. The debate on the
level of pollution of the environment as a function of technological
activity1 is equally vindicated for the laboratories. The higher the
rate of accumulation of unserviceable advanced equipment in the
laboratories the more advanced the institution is. This scenario,
however, does not make research, education and service provision
effective tools for the transformation of a given society.
Scientific equipment is a man-made resource. It is renewable,
through imports to the region. It is called capital equipment as a
way of acknowledging that it is an economic factor. However, some
resource economists do not assign to scientific equipment a value
commensurate with its importance as a wealth-transforming tool.
Investment in scientific equipment is also not done with the capital
to output ratio in mind, as is done with other economic factors
74

This oversight is passed on to policy makers leaving only a few
institutions with scientific equipment policies. This creates a lot of
equipment problems at institutions2, 3 and its rapid premature
deterioration stifles efforts towards creation of wealth4.

Consumption
+ net investment in physical capital
+ the value of the net change in human capital
+ the value of the net change in the stock of

natural capital
- the value of current environmental damages.
This economic indicator clearly acknowledges the role of ‘physical
capital’ in development. It also implies that development issues
should be looked at holistically.
Once a value is assigned to an asset, or even a principle, policies
and procedures should be put in place to enable the machinery of
society to articulate, as well as control its well - being. The main
issues, which scientific equipment policies must cover are
acquisition, management (inventory, use, maintenance and disposal)
and training of personnel.8 Policies achieve their purpose when
backed by explicitly stated procedures..
A. Net Investment in Physical Capital
Scientific equipment is acquired through, purchasing, donations
or fabrication. In all these ways institutions, on behalf of the country,
will be making investments geared for development. However, the
institution’s performance can be compromised. For instance, there
can arise a conflict of interests between the purchasing and user
departments. The prime objective of the purchasing department
might be to save funds by going for the cheapest item, which does
not meet the specifications and attributes sort after by the user
department.
Policies that are backed by procedure manuals are essential for
mapping out channels of communication and consultation. They
will facilitate appropriate equipment being donated. They will
motivate scientists, engineers and technologists to be innovative
to the extent of producing home made equipment.
Fabrication brings about a change in the physical capital, which
has greater ramifications to national wealth than importation of
the same. Innovations come from analyzing the weaknesses or the
lack of a technology and seeking ways of rectifying the situation.
A free-riding policy on technology attunes a developing economy
to become a consumer economy. The developed countries
understand development as being able to consume their products.
Researchers, engineers and maintenance personnel should not take
the pieces of equipment or technology they use as developed to
the limit. They should look for alternative ways of doing things.
This way, their countries will not bear the costs equivalent to
“innovation penalty value”.
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For instance, two researchers using a pH-meter, one in the
developed world, which does not import scientific equipment and
the other in the consumer world, which imports scientific
equipment. We find that the researcher in the former world comes
up with an extension of the applications of the pH-meter. This
translates to patents, royalties and so on. On the other hand, the
researcher in the consumer world will import that pH-meter, under
the guise of state of the art technology. The revenue lost in this
way is the penalty value of the scientific equipment.
B. Net Change in Human Capital
Some institutions operate on the premise that the co-called technical
support staff, have zero value with respect to career development.
A bias towards academics and administrative staff is shown. For
instance, when specialised equipment is purchased, and there is
need to send people for training, an academic is chosen for this
training. This, of course, is right in the light of applications of the
equipment, but the general management of the equipment suffers.
Equipment is not serviced or repaired through lack of incumbent
expertise. Funding for spare parts is offered but few institutions
can identify what is wrong with their equipment.
The courses in technical colleges have become more and more
theoretical. They leave the graduates to learn from the experience
they get from industry. The hardest hit is the science technology
field, where much of the hands on activities have been pruned. For
example, after lectures on glasswork, the student cannot close the
end of a tube to make a test tube. Analytical instrumentation is
presented is in block diagram form to the aspiring technician. As a
result industry suffers when it is supposed to benefit from the
training funds it contributes.
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and its infrastructure, and its role in development must not be denied
or ignored.
Recommendations
It has been concluded that the fundamental source of scientific
equipment problems is lack of policies. Wealth creation cannot be
based on a model of having no policy at all. Institutions are
therefore urged to adopt comprehensive equipment policies and
procedures. Institutions may search for guidelines from similar
institutions or participate in NUSESA’s efforts to formulate policy
guidelines. Most importantly, there should be a degree of ownership
of the policy by every affected member of the institution. This is
made possible by involving the affected sectors in formulating the
policy and procedures.
Institutions must adopt policies that promote innovation and
recognize intellectual property rights. The inventive person must
be fairly rewarded. Use of equipment fabricated in-house must be
encouraged. Policies must take into account improving skills and
opening avenues for continued professional development for
technical staff at both formal and informal stages. Emphasis must
be on proficiency.
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ABSTRACT
This paper presents a comprehensive coverage of the design of the
control / interface circuitry, control program for a model vertical
CNC milling machine. The control is for the main x, y, z motion
which denotes the work table movements and the spindle feed
motion. This CNC machine tool is designed as a direct numerically
controlled machine. The machine is connected to the computer
through the printer port, which has a programmable data output
port. The instructions to the machine are communicated at a rate
of 50 – 100 Kbytes per second. The machine tool is to be designed
to have up to six computer controlled axes of movement. An
interface circuit is used to decode and amplify the digital signals
from the computer so that they are compatible with those used by
the machine motor drives. 8 – bit data are written to/or read from
the machine through the I/O printer port 0x378, which varies from
machine to machine. A software program controls the data read
and write operations. The entire circuitry resides on a 150 x 200
mm Vero-Board that plugs into the IBM PC (DB – 25) printer port
socket. This set out to demonstrate the potential in Science and
Technology in the country that we have left untapped by failure to
commercialize these projects.
Keywords: Control systems, I/O User port communication,
Darlington drivers, Computer numerical controlled machine
model,

1.0

Introduction

The primary building blocks for Flexible manufacturing systems
(FMS) and Computer integrated manufacturing (CIM) are
Computer numerically controlled (CNC) machine tools. This
computer controlled and programmable machines are currently
available in a wide variety of types and sizes. The most common
are lathe, milling and drilling machine tools. CNC machines are
similar to their manual counterparts in many ways. The primary
relative motions of the cutting tool and work piece are identical, as
are the machining techniques and approaches. The essential
difference is that the manual position movements are replaced by
motor drives thus the cutting tool positions are controlled by
computers. This simple change has a dramatic effect on the cutting
capabilities of Computer Numerical Control (CNC) machine tools.
The dramatic effect of Computer Numerical Control (CNC) on
traditional engineering production techniques is now well
appreciated. Machines controlled in this way are capable of working
everyday virtually unsupervised. They are readily adaptable to
facilitate the production of a wide range of components. Every
function traditionally performed by an operator of a standard
machine tool can be achieved via a numerical controlled machining
program.
2.

Concepts of Numerical Control

Numerical Control (NC) is the term used to describe the control of
machine movements and various other functions by instructions
expressed in a series of numbers and initiated via an electronic
control system. Computer Numerical Control (CNC) is the term
used when the control system includes a computer.
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Machine Tool

Data flow
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(a)
Machine Tool
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(b)

Control Unit

Data flow

Computer
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Figure 1: (a) Numerical control system; (b) Computer
Numerical control system.
The two systems are shown in Figure 1; the control units can either
be freestanding or built into the main structure of the machine.
2.1

Applications of Numerical Control

Numerical control is applied to a wide range of manufacturing
processes such as metal cutting, welding, turning, drilling, milling
woodworking, process control, flow line control, as well as
biomedical applications. The need for CNC machines is fast
growing as competition is growing and consumer needs are
becoming more and more complex. CNC machines are required
for operations requiring high dimensional accuracy; high quality
and short production lead times.
2.2

Advantages of Numerical Control

Numerical control is economical for mass, batch and in many cases
single-item production. Many factors contribute to this economic
viability, the most important of these being:
i.
High
accuracy.
ii.
High productivity.
iii.
Uniformity of the product / repeatability.
iv.
Reduced component rejection.
v.
Less
human/operator involvement.
vi.
Complex shapes can be machined easily.
vii.
Full
flexibility; a simple adaptation for producing new parts. viii.
Reduced setup times.
ix.
Reduced tooling costs.
x.
Automatic adjustment of the machine.
2.3

Disadvantages of Numerical Control

On the other hand the disadvantages of CNC systems are:
i. Relatively high initial costs.
ii. More complicated maintenance; a special maintenance crew
is required.
iii. A highly skilled and properly trained part programmer is
needed.
2.4

Classification of Numerical Control

The classification of numerical control machine tool systems can
be done in four ways:
i. According to the type of machine, point-to-point positioning
and contouring (or continuous path).
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ii.

According to the structure of the control circuits: analogue
or digital.
iii. According to the programming: incremental or absolute.
iv. According to the type of control loops: open loop or closed
loop.
a)

(ii)
Contouring / Continuous Path
In contouring or continuous path, control of the cutting tool is
performed while the axes of motion are moving for example in a
milling machine. All axes of motion might move simultaneously
each one at a different speed. This speed can be changed even
within the path between two points. For example cutting of a circular
contour requires a sine rate change of speed in one axis.

Project Definition

3.1

Purpose

This project aims at developing a CNC machine tool, which will
perform functions such as turning, milling and drilling. This will
offer superior performance as a result of versatile programmability
through the use of a PC. The primary purpose of this project is to
provide the designer/(student) with design experience in interfacing
machines/(devices) with computers, designing CNC control
circuitry and the major components in CNC machines,
programming CNC machines using high level languages and the
design of the power transmission mechanisms and their applications
in CNC machines. This project will allow the designer to investigate
the possibility of the manufacture of CNC machines and robots in
Zimbabwe using the available resources.

Pulsating Input
Stepper
motor

An absolute system is one in which all moving commands are
referred to one reference point which is the origin and will be called
the zero point. All position commands are given as absolute
distances from that zero point. The zero point can be defined as a
point outside the work piece or at a corner of the part. If a mounting
fixture is used it could be a point on the fixture or on the machine
table.
Open –Loop and Closed –Loop Systems

Every control process and NC system may be designed as an open
or closed – loop system.
The term open – loop control means that since the loop is open
there is no feedback and the action of the controller has no reference
to the result it produces. The open – loop NC systems are always
digital and use stepper motors for driving the axis slides. Since
there is no check on the slide position the system accuracy is solely
a function of the motor’s ability to step through the exact number
of steps provided at the input (Figure 2 (a)).
The closed – loop measures the axis’s actual position and compares
it with the desired reference position. The difference between the
actual and the desired value is the error, and the control is designed
in such a way as to eliminate or reduce the error to a minimum
(Figure 2 (b)).In digital control systems the input and feedback
signals may be sequences of pulses each pulse representing a unit
length say 1 mm while the pulse rate is proportional to the velocity.

Gear

Lead screw

(a)

Motor

+
D/A
convert
er

Comparator
-

Incremental and Absolute Systems

NC systems can be further divided into incremental and absolute
systems.
An incremental system is one in which the reference point to the
next instruction is the end point of the preceding operation. Each
dimensional data is applied to the system as a distance increment
measured from the preceding point at which the axis of motion
was present.

d)

3.0

Analogue and Digital Control Systems

Control systems can be divided into analogue and digital systems.
In an analogue control system the quantities may be varied
continuously while in digital control systems they are varied
discretely such as the presence or absence of a quantity. In digital
machine tool systems each pulse provides a voltage-pulse where
each pulse represents a basic length unit, which determines the
system resolution. Therefore digital systems are of finite accuracy,
while the analogue system can accept any value.
c)

The comparator correlates the two sequences and gives by means
of a digital to analogue (D/A) converter a signal representing the
position error of the system, which is used to drive the motor.

Point-To-Point and Contouring

(i)
Point-To-Point
The simplest example of a point-to-point numerical control machine
tool is a drilling machine. In a drilling machine the work piece is
moved along the axis of motion until the centre of the hole to be
drilled is exactly beneath the drill bit. Then the drill is automatically
moved towards the work piece, the hole is drilled and the drill
moves out in rapid traverse speed. The work piece moves to a new
point and the above sequence is repeated.

b)
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Gear

Lead screw

(b)

D

chometer

Figure 2: Open - loop (a); Closed - loop (b)

3.2

Problem

To implement this design, a method of sending instructions to the
CNC machine tool through the PC’s I/O devices and decoding the
signals using the signal conditioning circuitry to produce the
required action by the CNC must be designed. The CNC machine
should be able to perform the common machining processes i.e.
turning, drilling and milling using stepper motors, lead screws and
gears. A computer program to control the CNC machine should be
designed using any high level programming language and must be
in such a way that it is user friendly and can decode what operation
the machine user Desires and send the appropriate signals to the
machine.
3.3

Solution

The machine and PC will be interfaced through the PC’s parallel
port (printer port), which has eight programmable data lines. A
control program will be developed in C++, which prompts the
machine operator(s) to input the instructions of what operation(s)
they want the CNC machine to perform. The instructions will be
transferred through the eight data lines of the printer port to the
machine in real time. An interfacing circuit will be designed to
amplify the low power signal from the parallel port, which only
77
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sources/emits a current of 2.6 mA and a voltage of +5 volts. The
signals from the printer port will be amplified using transistor pairs
also known as Darlington pairs to currents high enough to enable
them to drive the stepper motors, which require currents usually
above 20 mA. The stepper motors to be used are four phase unipolar
stepper motors, which have six wires therefore making it only
possible to control two stepper motors through the parallel printer
port. A circuit will be designed using D-type octal latching ICs
(shift registers) and decoders, which will allow the control of any
number of stepper motors. The stepper motors will be coupled to
the tool holding spindles through spur gears; the rotary motion of
the gears will be converted to linear motion by the use of lead
screws.
4.0

Background to Computer I/O User Ports

Computers have a number of user ports through which they transmit
or receive data. Computer user ports are standard regardless of the
make of the computer. The most common I/O user ports used by
many modern computers to transmit data to external devices, which
do not make up part of the computer hardware, are:
(i)
Printer ports.
(ii)
Com ports.
(iii)
Game ports.
The signals from these ports are at Transistor-Transistor Logic
(TTL). TTL refers to binary logic where logic 1 represents a high
and logic 0 represents a low:
Logic1= +5v
Logic 0= 0v

4.1

Printer Ports

Each printer port consists of three port addresses; data, status and
control port. These ports are in sequential order that is the data
port is at address 0x378, the corresponding status port is at address
0x379, and the control port is at address 0x37 A. Depending on
the type of computer the printer port has a base address of either
0278, 0378, or 03BC all hex in the processor’s I/O space and
corresponding status and control addresses are data + 1 and data +
2 respectively. The most common port is the 0378(hex), which has
12 TTL buffer output points, which can be written to or read under
programme using the processor’s I/O instructions. In addition one
input could be used to create a processor interrupt, which can be
enabled or disabled under program control. The parallel printer
port I/O signals are made available at the rear of every computer
through a D25 or D36 pin right- angled PCB mount socket. When
this adapter is used to attach a printer, data or printer commands
are loaded into an 8-bit latched output port, and the strobe line is
activated writing data to the printer. The program may then read
the input ports for the printer status indicating when the next
character may be written to the printer. A standard printer port is
capable of sending 50 to 100 kilobytes of data per second. The pin
out diagram of the printer port adapter is shown in Figure 3.:

Data to and from the computer user ports is communicated in two
methods, which are:
I. Parallel data communication.
II. Serial data communication.
Parallel data communication is done through either the printer ports
or the game ports. With parallel data communication the data bits
travel simultaneously through parallel data cables. This is a much
faster way of communicating with external devices such as printers,
scanners and machines.
Figure 3: DB-25 D-Type connector
The hardware of this port consists of 8 output data bits, 4 input
control bits, and 5 output control bits as shown in Table 1.

Table 1: DB-25 Connector pin assignments.
DB-25 PIN REGISTER BIT SIGNAL NAME I/O DIRECTION
1
C0
Strobe
Output
2
D0
Data
Output
3
D1
Data
Output
4
D2
Data
Output
5
D3
Data
Output
6
D4
Data
Output
7
D5
Data
Output
8
D6
Data
Output
9
D7
Data
Output

DB-25 PIN
10
11
12
13
14
15
16
17
18 -25

REGISTER BIT
S6
S7
S5
S4
C1
S3
C2
C3
-

SIGNAL NAME
Acknowledge
Busy
Paper end
Select In
Auto Feed
Error
Initialize
Select
Ground

I/O DIRECTION
Input
Input
Input
Input
Output
Input
Output
Output

Outputs:
i. STROBE/: It maintains a level of between 2.8 and 5
volts, but drops below 0.5 volts whenever the computer
sends a byte of data to the printer or external device.
This drop in voltage tells the external device that data
is being sent.
ii. DATA/: To indicate that a data bit has a value of 1, a
charge of +5 volts is sent through the correct pin. No
78
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charge on the pin indicates a value of zero. This allows
the transmission of digital signals through an analogue
cable in real time.
iii. AUTOFEED/: Tells the printer to print an empty line
followed by a carriage return.
iv. INITIALIZE/: Resets the printer, whenever a new job
is ready.
v. SELECT/: This is used by the computer to remotely
take the printer offline. This is accomplished by sending
a charge to the printer and maintaining it as long as
you want the printer offline.
Inputs:
i.

ACKNOWLEDGE/: This is a signal from the printer
to the computer. It maintains a charge and drops to
below +0.5 volts to let the computer know that the data
was received.
ii. BUSY: The printer sets a charge on this line when its
buffer is full to stop the computer sending more data
to it. Then it will drop to below +0.5 volts to let the
computer know it is ready to receive more data.
iii. OUT OF PAPER/: The printer lets the computer know
that’s it’s out of paper by sending a charge on this line.
iv. SELECT IN/: This sends a charge to tell the computer
that the printer is online.
v. ERROR/: Lets the computer know that an error has
occurred by dropping to below +0.5 volts.

4.2

0x379 PORT: This is an INPUT port. These signals are used to
know the status of the external device in real time. The locations
of the pins are listed in the Table 4.
0x37A PORT: This is an OUTPUT port the computer uses it to
send the signals that control the external device. This instruction
causes the latch to capture the least significant bits of the data bus.
The four least significant bits present their outputs, or inverted
versions of their outputs to the respective pins shown in the Table
5. These pins can sink approximately 7 mA.
When data is sent through the printer port it is sent in the form of
binary digits (bits), it is sent in sets of 8 bits (a byte) at a time. The
byte consists of the MSB and the LSB. The MSB corresponds to
the data bit D7 in the port, which is sent through pin 9 of the
connector, the LSB corresponds to the data bit D0, which is sent
through pin 2 of the connector. The Table 6 shows the data bits pin
assignments.
Table 3: Data Bits Table.
BIT
FUNCTION
D0
DATA 0
D1
DATA 1
D2
DATA 2
D3
DATA 3
D4
DATA 4
D5
DATA 5
D6
DATA 6
D7
DATA 7

PIN
2
3
4
5
6
7
8
9

Addressing the Port

In the MS – Dos operating system three parallel printer ports called,
LPT1, LPT2 and LPT3 are supported. So we can find three
addresses dedicated to these ports in the memory map of the PC.
To definitively identify the addresses assignments for a particular
machine, use the DOS debug programme to display memory
locations 0040:0008.
For example:
>debug
- d 0040:0008 L8
0040:0008
78 03 78 02 00 00
Note: in the example LPT1 is at 0x378, LPT2 is at 0x278 and
there is no LPT3.
Most modern computers have up to 3 printer ports. The addresses
of the data, status and control ports for each LPTn ports are listed
in the Table 2. All the ports function in exactly the same way.

Table 4: Status Bits Table.
BIT
FUNCTION
D0
Not used
D1
Not used
D2
Not used
D3
ERROR
D4
SELECT
D5
PAPER END
D6
ACKNOWLEDGE
D7
BUSY

Table 5: Control Bits Table.
BIT
FUNCTION
D0
STROBE
D1
AUTO FEED
D2
INITIALIZE
D3
SELECT IN
D4
IRQ 7
D5
Not used
D6
Not used
D7
Not used

Table 2: LPTn Addresses
PORT

DATA

STATUS

CONTROL

LPT1

0x378

0x379

0x37A

LPT2

0x278

0x279

0x27A

LPT3

0x3BC

0x3BD

0x3BE

Each port uses three addresses of the I/O map. For LPT1 these
addresses are 0x378, 0x379 and 0x37 A.0x378 PORT: In this
address the CPU writes the data to be sent to the printer /external
device, this is an OUTPUT port. The eight data bits are latched to
appear in the output connector pins in real time. Each pin is capable
of sourcing 2.6 mA and sinking 24 mA. It essential that the external
device does not try to pull these lines to ground.

Table 6: Data Bits Pin Assignment.
DATA
D7
D6 D5 D4 D3
PINS
9
8
7
6
5
MSB
5

PIN

15
13
12
10
11

PIN
1
14
16
17

D2
4

D1
3

D0
2
LSB

The Computer / Device Interface

DEVICE

INTERFACE

COMPUTER

Under program control the processor can read the data present on
the pins associated with the corresponding output address. This
should normally reflect the exact value that was last written. The
Table 3 shows, which pins of the connector, are used.
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Figure 4: A block diagram of the link between a computer and an
analogue device.
The Figure 4 shows a typical setup of a computer-controlled device.
The signals from the computer are at TTL level thus their power is
very small. A computer user port can source a maximum of 2.6 mA
of current. The current from the user port cannot drive most devices
(e.g. motors), as they usually require large amounts of current.
Therefore a link is needed which will make the computer signals
compatible with those required to drive an external device. This
link is known as the interface, this facilitates:
I. A direct communication between the computer and the
external device.
II. Isolation of the user port and the external device since
the current required by most devices is large the device might
pull the pins of the user port to ground resulting in extensive
damage to the port.
III. Amplification of the pulses from the user port to levels
high enough to drive the external device.
5.1

Figure 7: ULN2803A Darlington driver IC.

Current Amplification and Isolation

The current from the user port is amplified by the use of power
transistors these also provide isolation of the computer and the
device (i.e. there is no direct current flow from the computer to the
device). A power transistor is used to switch on external circuits
using very little current (mA) the Figure 5 shows the schematic of
an NPN power transistor. The switching takes place as follows,
the small current (Ib) from the computer usually (mA) flowing
through the transistor base terminal (b), increases the conduction
(reduces the resistance) between the emitter terminal (e) and the
collector terminal (c) hence allowing current to flow from the source
through the load. This setup is also known as buffering since it
isolates the power source of the computer and that of the external
device.

Figure 8: 3:8 Bit decoder 74LS138 pin-out diagram.
5.2.

Darlington Drivers

These ICs are used for power amplification. Darlington drivers
consist of a pair of power transistors instead of one. These are
used when the device to be switched requires a large current. The
Figure 6 shows a Darlington pair being used to switch on the current
for a motor.
Current enters the first transistor TR1 thus switching it on causing
a current (mA) to flow from the voltage source to the base terminal
of the second transistor TR2 for further amplification resulting in
more current being drawn from the source. The diode provides a
mechanism to shunt away current, which is induced by the drive.
Figure 5: NPN common emitter transistor.

An integrated circuit is available which performs this very action
allowing the use of eight transistor pairs. This IC is called a
Darlington driver ULN2803A shown in Figure 7. It has 18 pins (8
input pins, 8 output pins, 1 ground and 1 voltage supply). This IC
can handle upto 0.5 A and 50 volts (refer to appendices for ULN
2803A specification data sheet).
5.3

Figure 6: Transistor pair (Darlington pair).
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Decoders

In many applications there is need to change one type of code to
another. The term data decoding is used for the process of
converting some code group, e.g. BCD, binary, hex, into an
individual active output representing that group. Devices known
as decoders are used to perform this conversion. A decoder has n
binary input lines for the coded input of an n-bit word and gives m
output lines such that only one line is activated for one possible
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combination of inputs i.e. only one output line gives an output for
a particular word input code.
Decoders can have the active output high and the inactive ones
low or the active output low and the inactive ones high. For an
active high output the decoder can be assembled from AND gates
and for an active low output NAND gates can be used. There is a
wide range of decoders but I will restrict myself to the 3:8 bit
decoders.
5.4

3:8 Bit Decoder 74lS138

This decoder converts a 3-bit data word to an 8-bit. It has 3 input
lines and 8 output lines. This decoder is assembled from NAND
gates hence it has active low output, the pin-out diagram of the
decoder is shown in Figure 7.
The pins of the IC can be divided into four groups as follows:
·
Select or input pins: these are the input pins / lines for the
3-bit data word that has to be converted. Pin 1 (A) is the
LSB and pin 3 (C) is the MSB.
·
Enable pins: these are input pins for signals, which enable
the operation of the decoder. The decoder is enabled by a
combination of three data bits G1, G2A, and G2B. G1 is
always active high “1” and G2A and G2B are always
active low “0”.
·
Data output: these lines give the 8-bit output word that is
dependent on the input combination.
·
Power in/out pins: this is the power supply to the IC’s
logic gates. The IC operates at a voltage of (Vcc= 5 volts).
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Table 7: Truth Table for 74LS138 decoder.
INPUT
ENABLE
SELECT
G1 G2A G2B C
B
1
0
0
0
0
1
0
0
0
0
1
0
0
0
1
1
0
0
0
1
1
0
0
1
0
1
0
0
1
0
1
0
0
1
1
1
0
0
1
1

5.5

OUTPUT
A
0
1
0
1
0
1
0
1

Y0
0
1
1
1
1
1
1
1

Y1
1
0
1
1
1
1
1
1

Y2
1
1
0
1
1
1
1
1

Y3
1
1
1
0
1
1
1
1

Y4
1
1
1
1
0
1
1
1

Y5
1
1
1
1
1
0
1
1

Y6 Y7
1 1
1 1
1 1
1 1
1 1
1 1
0 1
1 0

Invertors

These devices give an output, which is the inversion of the input.
The invertors are used to convert active high logic to active low
logic or vice versa. These can be packed in ICs to any number
that is desired. Invertors like most ICs operate at TTL levels.
The operating principle of invertors is to convert the signal at
the input from a high to a low or vice versa, i.e. an input of logic
1 or +5 volts at the input is converted to logic 0 or 0 volts. The
Figure 9 shows the pin out of a hex invertors IC.

The Figure 9 shows the logic circuit, which is used to derive the
truth table of the decoder (Hama, 2003).

Figure 9: Hex inverter 74LS04 IC pin-out.
The Flip – Flop
The flip-flop is a basic memory element, which is made of an
assembly of logic gates. These are important in this discussion in
that they are the major building blocks of data registers, which
play a very important role in this project. There are a number of
flip-flops:
1. Set and reset (SR) flip-flop
2. Clocked SR flip-flop
3. JK flip-flop
4. D flip-flop
5.6 THE SR (SET-RESET) FLIP – FLOP

Figure 9: Logic Circuit of Decoder 74LS138.
The truth table shown in Table 7 is a table that shows the 3-bit
word input combinations and their corresponding 8-bit data word
outputs the most important bit being the active low in every 8 – bit
data output...

(a)

(b)

Figure 10: (a) SR Flip-Flop, (b) Block symbol
This flip-flop consists of a combination of NOR gates as shown in
the logic diagram in Figure 10. If initially we have both outputs 0
and S=0 and R=0, then we set and have S change from 0 to 1, the
output from NOR gate 2 will become 0. This will then result in
both the inputs to NOR gate 1 becoming 0 and so its output becomes
1. This feedback acts as input to NOR gate 2 which then has both
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its inputs at 1 and results in no further change. Now if S changes
from 1 to 0, the output from NOR gate 1 remains at 1 and the
output from NOR gate 2 remains at 0. There is no change in the
outputs when the input S changes from 1 to 0. It will remain in this
state indefinitely if the only changes are to S. It remembers the
state it was set to. If we change R from 0 to 1 when S is 0, the
output from NOR gate changes to 0 and hence the output from
NOR gate 2 changes to 1. The flip-flop has been reset. A change
then of R to 0 will have no effect on these outputs. Thus when S is
set to 1 and R made 0, the output Q will change to 1 if it was
previously 0, remaining at 1 if it was previously 1. This is the set
condition and it will remain in that condition even when S changes
to 0. When S is 0 and R is made 1 the output Q is reset to 0 if it was
previously 1, remaining at 0 if it was previously 0. The output Q
that occurs at a particular time will depend on the inputs S and R
and also the last value of the output.
5.7

Synchronous Systems

high-to-low transition at the enable input, output is held at the data
level just prior to the transition. The data at transition is said to be
latched.
5.9

Data latches are widely used members of the flip-flop family of
devices. Flip-flop circuit elements of the Set-Reset, D-type, and
JK types are often called latches, because their outputs can be
latched into either logic 1 or logic 0 state by applying suitable
input signals. A data latch is an element that is built as a dedicated
data latch and can be used for no other purpose; an element of this
type acts as a simple memory that can store one ‘bit’ of binary data
for an indefinite period; four such elements can store a complete
4-bit binary word. A data latch stores and outputs whatever logic
is applied to its D (data) terminal when activated by a suitable
‘store’ command. Data latches are ‘transparent ‘ when the En
(enable) terminal is high (i.e. the output follows the D input under
this condition), but latch the prevailing D state into Q output when
En goes low; data can thus be latched by applying a brief positive
pulse to the En terminal. An n-bit data latch can be built by
combining / connecting n 1-bit latches together, with all En (or
CLK) terminals wired in parallel so that all elements are activated
at the same time. These are readily available in ICs.
5.9.1

(a)

(b)

Figure 11: (a) Clocked SR Flip – Flop, (b) Block symbol.
It is often necessary for set and reset operations to occur at particular
times. With an unclocked or asynchronous system like the one
shown in Figure 10 the outputs of logic gates can change state any
time if any one of the inputs change. With a clocked or synchronous
system the exact time at which an output changes state is determined
by a signal termed the clock signal. This is generally a rectangular
pulse train and when the same clock signal is used for all parts of
the system, outputs are synchronised. The Figure 11 shows the
principle of a gated SR flip-flop. The set and clock signal are
supplied through an AND gate to the S input of the flip-flop. Thus
the set signal only arrives at the flip-flop when both it and the
clock signal are 1. Likewise the reset signal is supplied with the
clock signal to the R input via another AND gate. As a consequence
setting and resetting can only occur at the time determined by the
clock.
5.8

Data Latches / Registers

The Transparent 8 – Bit Data Latch 74LS373

This is an 8-bit transparent data latch it is built by connecting eight
1-bit data latches (D-type flip-flops). This 8-bit data latch is
transparent when the En (enable) terminal is high and the outputs
have been enabled by making the output enable terminal low, and
latches the data (i.e. maintains the output) when it is low. The Figure
13 (a) shows the functional diagram of the 74LS373 octal D-type
data latch and Figure 13 (b) shows Octal D-type latch logic diagram
(Hama, 2003).

D Flip – Flop

D

Q

CK
Q

(a)

Figure 13: (a) Octal D-type data latch IC 74LS373,

(b)

Figure 12: (a) D FLIP-FLOP, (b) Block symbol.
The data or D flip-flop is basically a clocked SR flip-flop or a JK
flip-flop with the D input being connected directly to the S or J
inputs and via a NOT gate to the R or K inputs the logic diagram is
shown in Figure 12. In the symbol for the D flip-flop this joined R
and K input is labelled D. This arrangement means that a 0 or a 1
input will then switch the outputs to follow the input when the
clock pulse is 1. A particular use of the D flip-flop is to ensure that
the output will only take on the value of the D input at precisely
defined times. With the above form of D flip-flop, when the clock
or enable input goes high, the output follows the data presented at
input D. The flip-flop is said to be transparent. When there is a
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(b) Octal D-type latch logic diagram.
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5.9.2

Motor Drives

Motion control in mechatronics terms, means to accurately control
the movement of an object based on, speed, distance, load, inertia,
or a combination of all these factors. The linear motion of the
worktable is achieved by a controlled rotation of the lead screw.
Two types of motors are widely used with CNC machine tools,
these are:
I. Stepper motors
II. Dc servo motors
5.9.3

of the centre-tapped windings and feed them from the positive
power supply terminal (Motor voltage). The driver circuit would
then ground each winding to energize it. The transistor switching
circuit (driver) is shown in Figure 14.

Stepper Motors

A stepper motor is a device that produces rotation through equal
angles (steps), for each digital pulse supplied to its input. A stepping
motor system consists of three basic elements, often combined with
some type of user interface (Host computer or Programmable logic
controller PLC):
I. The controller (or indexer) is microprocessor capable
of generating step pulses and direction signals for the
driver.
II. The driver or (Amplifier) converts the controller
command signals into power necessary to energize the
motor windings. There are numerous types of drivers, with
different current/amperage ratings and construction
technology. Not all drivers are suitable to run all motors,
so when designing a Motion Control System the driver
selection process is critical.
III. The stepper motor, this is an electronic device that
converts digital pulses into mechanical shaft rotation.
Stepper motors provide open – loop, relative motion control. Open
– loop, means that when you command the motor to take 10 steps,
it provides no direct means of determining that it actually did so.
The control is relative, meaning that there is no way to determine
the shaft position directly. You can only command the motor to
rotate a certain amount clockwise or counter clockwise from its
current position. These commands consist of energizing the various
motor coils in a particular sequence of patterns. Each pattern causes
the motor to move one step. The features that stepper motors present
include:
·
Excellent rotational accuracy
·
Large torque size
·
Small size
·
Work well over a range of speeds
·
Can be used for position or motion control
There are a number of forms of stepper motors. Stepper motors
fall into two basic categories: Permanent magnet and variable
reluctance. The type of motor determines the type of drivers, and
the type of translator used.
5.9.4
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Figure 14: Transistor switching circuit for a unipolar stepper
motor.
Unipolar stepper motors are recognized by their center-tapped
windings. The number of phases is twice the number of coils, since
each coil is divided in two. The Figure 15 shows a schematic
representation of the coils of a unipolar stepper motor.
.The individual coils are energized one at a time in a particular
sequence (Step modes), in order to rotate the motor shaft. There
are three step modes that are used with unipolar stepper motors,
the choice of the step mode depends on the application.
THE STANDARD DRIVE SEQUENCE
In this sequence one coil is energized at a time. The time interval
between energizing the coils determines the speed of the stepper
motor. The Table 8 shows the pattern and sequence of the standard
drive sequence.

Permanent Magnet Stepper Motors

The permanent magnet motors have, as the name implies permanent
magnet rotors. They relatively low speed, low torque devices with
large step angles. Their simple construction and low cost make
them ideal for non-industrial applications. Unlike the other stepper
motors, the Permanent magnet motor rotor has no teeth and is
designed to be energized at a right angle to its axis. There are
several types of permanent magnet stepper motors these include,
unipolar stepper motors, bipolar stepper motors and multiphase
stepper motors.
5.9.5

Unipolar Stepper Motors

Figure 15: Center tapped unipolar stepper motor coilsTable 8:
Standard step sequence (Clockwise rotation).

The name “unipolar” is derived from the fact that current flows in
one direction, these motors are relatively easy to control. The draw
back to using unipolar stepper motors is the limited capability to
energize all the coils at the same time. A simple 1-of-’n’ counter
circuit can generate the proper stepping sequence, and drivers as
simple as one transistor per winding are possible with unipolar
motors. Unipolar stepper motors are characterized by their centretapped windings. A common wiring scheme is to take all the taps
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STEP
1
2
3
4
5
6
7
8

1a
1
0
0
0
1
0
0
0

1b
0
1
0
0
0
1
0
0

2a
0
0
1
0
0
0
1
0
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2b
0
0
0
1
0
0
0
1

6.2
Circuit Description
The circuit in Figure 16 uses the standard 25-pin printer port. The
printer port has eight programmable output lines through which
digital pulses are transmitted to the interface circuit under
programme control. The pulses are amplified by a transistor IC
(Darlington Driver IC), so that they can be strong enough to
energize the motor coils. The working principles of the printer port
and the Darlington Driver IC are given in detail in section 3. The
data are sent in the form of BITS (i.e. logic 1 and 0) and the patterns
conform to those that are used to driver stepper motors.

Table 9: Full step sequence (clockwise rotation.)
STEP 1a
1b
2a
2b
1
1
0
0
1
2
1
1
0
0
3
0
1
1
0
4
0
0
1
1
5
1
0
0
1
6
1
1
0
0
7
0
1
1
0
8
0
0
1
1
Table 10: Half step sequence (clockwise rotation).
STEP 1a
1b
2a
2b
1
1
0
0
0
2
1
1
0
0
3
0
1
0
0
4
0
1
1
0
5
0
0
1
0
6
0
0
1
1
7
0
0
0
1
8
1
0
0
1
In addition to the standard drive sequence a full step and a half
step drive sequence are possible.
FULL STEP DRIVE SEQUENCE
In the full step/high-torque sequence, two windings are activated
at a time for each motor step. This two-winding combination yields
around 1.5 times more torque than the standard sequence, but it
draws twice the current. The Table 9 shows the pattern in which
the coils of the motor are energized.
HALF STEP SEQUENCE
Half-stepping is achieved by combining the two sequences. First,
one of the windings is activated, then two, then one, etc. This
effectively doubles the number of steps the motor will advance for
each revolution of the shaft, and it cuts the number of degrees per
step in half. The half step patter is shown in Table 10
6.0
Control / Interface Circuit Design
This control/interface circuit is the link between the computer and
the machine tool; it facilitates the transfer of control information
to the machine. The circuit should be able to:
1. Isolate the computer and the machine by ensuring that
the two devices do not transmit current to each other.
2. Decode the digital signals from the computer and convert
them to signals that are compatible with the machine.
3. Switch the power source that drives the motors using the
signals received from the computer.
4. Control up to six stepper motors to allow multiple axis
movements of the machine.
6.1
Design Concept 1: 8 – Way Interface
This circuit consists of eight data output lines through which the
machine (CNC) will be controlled, hence the name eight way
interface. The data are communicated in parallel form from the
computer. This circuit controls a maximum of two stepper motors
since each stepper motor requires four control lines.
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Figure 16: Eight – way interface (Concept 1).
6.3

Parts List
The list of parts for concept 1 is given in Table 11. While this
system has advantages it also has limitations.

Table 11: Concept 1 Parts list.
QTY
DESCRIPTION
1
25-DB Female socket
1
ULN 2803 Darlington driver
1
100 x 150 mm Vero-board
1
Switch
1
0.25 watts resistor
1
3 mm LED
1
AC/DC Step down transformer
TOTAL COST
6.3.1
Advantages
1. Low parts count.
2. Simple and easy to follow circuit design.
3. Low cost.
4. Real time control.

COST
800
1050
5000
500
100
80
5000
12530

6.3.2
Limitations
The major limitation of this design is that it can only control two
stepper motors, thus it does not suffice as a solution to the design
problem. The machine must have multiple axis movement (i.e. x,
y, z and A axis).
6.4
Concept 2: 12 – Way Interface
This interface is designed for three-axis control. The circuit is
controlled via a printer port using the eight programmable output
data lines. The Figure 17 shows the schematic diagram of the circuit.
6.4.1
Circuit Description
The numbers on the left in the Figure 17 represent the output lines
from the printer port. The combination of the AND gates and NOR
gates determines which line is turned on. If both inputs of an AND
gate are HIGH (logic 1), the output will be HIGH. If either input is
LOW (logic 0) the output will be LOW. Both inputs of an AND
gate must be HIGH for the output to be HIGH otherwise the output
will be LOW. The output of an “Exclusive OR” gate (XOR gate)
will be low unless one of the inputs is HIGH all other conditions
will give a LOW output.
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Figure 17: Twelve - way interface (Concept 2).
To energize the first coil of the stepper motor the output of the
printer port must be 128 or 10000000 (binary). The first digit of
the byte corresponds to pin 9 on the interface circuit, the second to
pin 8 and so on. If pin 9 is HIGH the output of the XOR gate
connected to it will be HIGH. If both pin 9 and 8 are HIGH the
output of the AND gate will be high, energizing the second coil
(Table 12).
The first motor will rotate if you send a sequence:
Out 128 or 10000000
Out 192 or 11000000
Out 64 or 01000000
Out 32 or 00010000 ]

6.4.2

Parts List

6.4.4
Limitations
The major limitations of this design are:
1. The circuit can only control three motors and cannot be
extended to control more motors, thus making it a very
rigid design.
2. The motors can only be controlled one at a time; there is
no means of holding the motor in one position whilst
another motor is being run.
3. The part count is high.
6.5
Concept 3: 16 – Way Interface
This interface allows the control of four stepper motors through
16 controllable output lines of the interface. This type of interface
is suitable for multiple axis control of robots and CNC machine
tools, which have a rotary axis in addition to the x, y, and z-axis.
The Figure 18 shows a schematic of the interface circuit, (Bolton,
1999).

Table 12: Concept 2 Parts list.
QTY
1
2
2
2
1
1
1
1
TOTAL COST

DESCRIPTION
25-DB socket
AND gates
XOR gates
ULN 2803 Darlington drivers
5 volts Voltage regulator
Switch
100 x 150 Vero Board
AC/DC Step down transformer

COST
ZIM$800
ZIM$1700
ZIM$1700
ZIM$2100
ZIM$500
ZIM$500
ZIM$5000
ZIM$5000
ZIM$17300

6.4.3
Advantages
i. Real time control.
ii.

The circuit allows the control of three motors therefore x, y
and z-axis movements can be obtained.
iii. There is no complex circuitry involved.
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Figure 18: 16 - way interface (Concept 3).
6.5.1
Description of the Circuit
The circuit of the 16 – way interface shown in the Figure 18 works
in the following manner. The four most significant bits pin 9 – pin
6 are responsible for the motor selection. Motor selection is done
through the aid of a Hex inverter, which enables or triggers the
data latch to transmit the control signals to the stepper motor driver
ICs. For a one of the D – type octal latches to transmit the stepping
signals to the motor it has to be enabled, so the input to one of the
pins of the inverter has to be active Low (i.e. 0 volts), the inverter
will then invert the active low signal to an active high signal (+5
volts) which then enables the data latch. The four least significant
bits are responsible for the motor control signals. These are latched
through the D -type octal latches. Each latch controls one stepper
motor, for it to transmit the data it must be enabled; when it is not
enabled the output maintains the last value sent to it. The output of
the latches is then amplified by the Darlington Driver ICs.
6.5.2

Parts List

Table 13: Concept 3 parts list.
QTY
DESCRIPTION
1
25-DB socket
1
74LS04 Hex Inverter
4
74LS373 D – Type Octal Latches
2
ULN 2803 Darlington Drivers
1
7805 Voltage regulator
1
100 x 150 mm Vero Board
1
AC/DC Step down transformer
1
Switch
TOTAL COST
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COST
ZIM$800
ZIM$650
ZIM$2600
ZIM$2100
ZIM$500
ZIM$5000
ZIM$5000
ZIM$500
ZIM$17150

6.5.3
Advantages
The main advantage of the 16 – way interface circuit is that it can
control up to four axes of movements making it suitable for the
control of more complex movements of robot arms and CNC

machine tools. The control is real time since it is controlled through
the printer port. The part count is relatively low compared to the
functionality of the circuit. This circuit allows the simultaneous
control of motor, this is because of the data latching ICs that have
been incorporated into the design, they always maintain the last
data bits that were received thus being able to hold a motor in the
same position while another motor is being run. (Table 13).
6.5.4
Limitations
The limitations of this circuit depend on the application that is
intended for it. In this case the aim is to design a circuit that controls
six stepper motors independently, therefore this circuit still does
not address the problem fully. Therefore further refinements are
still needed to achieve that goal.
6.6
Concept 5: 24 – Way Interface
This interface is a refinement of the 16 – way interface so that six
stepper motors can be controlled from the computer printer port.
This interface has 24 programmable output lines that are used to
control external devices. The Figure 20 shows the schematic circuit
of the interface.
6.6.1
Description of the Circuit
The LPT port has 8 data lines that can be controlled independently.
The circuit uses these lines in the following manner. The first four
lines D7 to D4 provide the standard stepper motor four bit stepping
codes to energize the coils. The next three lines D3 to D1 are used
to address the motors using a 3-bit code. The last line (LSB) D0
provides a one-bit strobe pulse (logic 0 or 1), which enables the IC
to provide the selected motor with the stepping code on lies D7 to
D4, causing the motor to step. The data from the LPT port is
delivered in parallel to all 8 data lines. By setting the LSB D0 to
high (logic 1) this enables the circuitry by enabling the 3:8 bit
decoder 74LS138. The next three lines D1 to D3 are used as the
address bus to select the motor. Depending on the value of the
address bus one of the 8 output lines of the decoder goes low as
according to the truth Table 14 shown:

PRINTER
PORT
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Table 14: 74LS138 Decoder Truth Table.
INPUT
ENABLE
SELECT
G1
G2A G2B C
B
1
0
0
0
0
1
0
0
0
0
1
0
0
0
1
1
0
0
0
1
1
0
0
1
0
1
0
0
1
0
1
0
0
1
1
1
0
0
1
1
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OUTPUT
A
0
1
0
1
0
1
0
1

Y0
0
1
1
1
1
1
1
1

Y1
1
0
1
1
1
1
1
1

Y2
1
1
0
1
1
1
1
1

Y3
1
1
1
0
1
1
1
1

Y4
1
1
1
1
0
1
1
1

Y5
1
1
1
1
1
0
1
1

Y6
1
1
1
1
1
1
0
1

Y7
1
1
1
1
1
1
1
0

74LS373
1
9
PRINTER
PORT

GND
(18-25)

4

8
7

OE
Q1

Vcc
Q8

D1

D8

D2
Q2

6

5
6

5
4

7
8

3
2

9
Q4
10 GND

DATA LATCH

2
3

D7
Q7

20
19
18
17

Q6

16
15

D6
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14
13

Q5
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Q8
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20
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1
2

18
17
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17

3
4

16
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16

5
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6
7

13
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8
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9

Q3
D3
D4

11

ULN2803
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1
2

5
6
7

D2
Q2
Q3
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3
4

D3

D7
Q7
Q6
D6

8

D4
9
Q4
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D5
Q5
EN

STEPPER
MOTOR
CONTROL
LINE
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11
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Vcc

10
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6
7
8
9
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2
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7
8
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Figure 19: 24 - way interface (Concept 4)
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The motor selection addresses are derived from the decoder truth
table. The Table 15 shows the 3-bit codes for selecting any of the
six motors.
Table 15: Motor selection codes.
ADDRESS BUS BIT5 (PIN 6) BIT 6 (PIN 7)
MOTOR 1
0
0
MOTOR 2
0
0
MOTOR 3
0
1
MOTOR 4
0
1
MOTOR 5
1
0
MOTOR 6
1
0

BIT 7 (PIN 8)
0
1
0
1
0
1

Since the output of the 3:8 bit decoder 74LS138 is active low, the
signal has to be inverted to an active high using a hex inverter
74LS04 IC. The selected line that goes high is fed to the enable
line of the 8-bit D-type data latch 74LS373 IC. This latch when
enabled causes the data from the data lines D7 to D4 to pass through
transparently. When a certain latch is enabled all the other latches
are disabled and this causes the motors to be locked in their previous
positions as it latches data when disabled. Therefore by supplying
8-bits to the parallel port a motor can be selected and supplied
with the stepping sequence and locked at that position until the
stepping signal is changed.
The step sequence used to run the motor is selected according to
the torque requirements, and the resolution of the motors (steps
per revolutions). (Table 16)
6.6.2

Parts List

Table 16: Concept 4 Parts list.
QTY
DESCRIPTION
1
25-DB socket
1
74LS04 Hex Inverter
1
74LS138 3:8 Bit Decoder
6
74LS373 D – Type Octal Latches
3
ULN 2803 Darlington Drivers
1
7805 Voltage regulator
1
100 x 150 mm Vero Board
1
AC/DC Step down transformer
1
Switch
TOTAL COST

COST
ZIM$800
ZIM$650
ZIM$650
ZIM$3900
ZIM$3150
ZIM$500
ZIM$5000
ZIM$5000
ZIM$500
ZIM$20150

6.6.3
Advantages
This circuit addresses the problem by enabling the control of six
stepper motors through the printer port. This circuit is suitable for
the control of robot arms and CNC machine tools that perform
milling, drilling and turning.
6.6.4

Concept Selection

From the above concepts assessing the functionality, cost and
advantages of each concept, the concept that will be used for this
project is Concept 4. The schematic of the circuit is shown in Figure
19.
7.0

Conclusion

All the above concepts were tested on breadboard using the test
programs and yielded satisfactory results. The computer used runs
on Windows 98, 166MHz processor, 32Mb RAM and 1Giga bytes
hard disk drive.
7.1

CNC Machine Model Design

The CNC model, which will be built, is of a CNC milling machine,
though a variety of models can be built which the stepper motors
can control.
7.2

Concept 1

In this model the motor is coupled to the screw using spur gears
machined out of nylon. The work piece is fixtured on the table, the
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tool spindle is manoeuvred by the x and y-axis screw mechanisms,
which in turn provide the x-axis and y-axis, feeds. The z-axis screw
mechanism provides the vertical motion (depth) of the cutter into
the work piece. Detailed drawings are shown in Hama (2003).
7.3

Limitations

Since all the three mechanisms have to move to locate the starting
point of the machining operation, the x-axis screw mechanism has
to carry the other two, which are the y-axis and z-axis screws. With
this load it might be too heavy for a motor to carry.
7.4

Concept 2

This model consists of a worktable mounted on the nut of the xaxis screw mechanism. The x-axis mechanism is then mounted on
the y-axis screw mechanism. The z-axis screw mechanism, which
holds the cutter, is mounted on the frame of the CNC machine.
Therefore the work piece is fed/moved along the x-axis and the yaxis, the vertical screw provides the depth of the cutter.
The advantage of this mechanism is that only one screw mechanism
is carried by the x-axis screw mechanism. Detailed drawings are
shown by Hama (2003).
7.5

Materials Required

Table 17: Materials required for the model.
QTY (m)

DESCRIPTION

COST

1
1
1.5
0.5
2

M12 x 1.75 Studding
8mm bright drawn mild steel
2mm Aluminium sheet
50 x 70mm nylon
25 x 25mm angle iron

ZIM$500
ZIM$400
Salvaged
Salvaged
Salvaged

7.5.1
Concept Selection
The concept that will be used for the model is concept 2. This uses
a M10 x 1.5 screw and nylon gears. (Table 17).
8.0
Programming Considerations
Turbo C++ is a high level programming language that is often used
in place of assembly language for the programming of
microprocessors. It has the advantage when compared to assembly
language of being easier to use and that the same program can be
used with different microprocessors, all that is necessary for this is
that the appropriate compiler is used to translate the C++ program
into relevant machine language for the microprocessor concerned.
The control program is the backbone of this CNC machine tool,
since stepper motors rely on clocked digital pulses to rotate,
providing the linear translation of the cutter or the worktable. The
program is run from the CPU of the computer, the output of the
program is the input to the interface / control circuit which drives
the motors. The control program is written in high-level language,
the Borland Turbo C/C++ VERSION 1.01 1990.
8.1
I/O Port Access in Turbo C++
Turbo C++ provides access to the computer’s I/O ports on the
8086 CPU via the predefined functions inportb/inport and
outportb/outport.
Inportb: returns a byte read from the I/O port.
Inport: returns a word read from the I/O port.
Outportb: writes the byte value to the I/O port.
Outport: writes the word value to the I/O port.
A sample program in Turbo C++ on how to read and write data
bytes to the computer’s I/O ports is given below:
#include <stdio.h> /* standard input/output library*/
#include <dos.h>
#define Data 0x378 /* Define data port to be used*/
#define Status 0x379/*Define status port*/
#define Control 0x37A/* Define control port*/
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int bits;
void main( )
outportb(Data,bytes); /* output data*/
bits = inport(Data);/* gives the value of the last
byte sent to the port*/
The computer must output an 8-bit data word in the printer port to
control the motors. The circuit, which will be used, will have six
motors therefore the computer program must be able to control all
the motors in real time by selecting the motor, sending the proper
stepping sequence and the required number of steps corresponding
to the required linear translation.
The circuit which will be used for this project is shown in Section
4 Figure 4.4, consists of three parts:
1. Strobe
2. Motor selection
3. Stepping code
Therefore the 8-bit data word output from the program should
provide a strobe bit, motor selection bits and the step sequences of
the motors. The most significant bit (bit 8) is the strobe bit; this is
used to enable the decoder (74LS138). The next three most
significant bits (i.e. bits 7-bit5) are the motor selection bits (refer
to Table 4.5 in Section 4). A particular binary combination of these
three enables a data register/latch (74LS373) to output the stepping
signal to drive the selected motor. The remaining four least
significant bits (bits 4 – bit 1) provide the stepping code of the
motor, once the data register is enabled the stepping signal is latched
to the inputs of the amplifying circuit whose output drives the motor.
The bits are written to the port as a data byte, the value in the
program is entered in either decimal or hexadecimal notation then
the compiler does the conversion to binary notation, which will be
the output on the respective pins of the printer port socket. For
example if Motor #1 is required to make two steps in a clockwise
direction the data bits will be written as:
Step 1: 10001001 (137 DEC or 89 HEX)
Step 2: 10000011 (131 DEC or 83 HEX)
The program will be written as:
Outportb (Data, 0x89); /* Data is port 0x378, 0x denotes
hexadecimal number*/
Outport (Data, 0x83);
Detailed machine control programs are given in Hama (2003). The
Table 18 to Table 23 show the data bits to control the six motors.
Table 18: Motor # 1 Clockwise Motion.
PIN
9 8 7 6
5
4
DATA BIT 8 7 6 5
4
3
STEP 1
1 0 0 0
1
0
STEP 2
1 0 0 0
0
0
STEP 3
1 0 0 0
0
1
STEP 4
1 0 0 0
1
1

3
2
0
1
1
0

Table 19: Motor # 2 Clockwise Motion.
PIN
9 8 7 6
5
4 3
DATA BIT 8 7 6 5
4
3 2
STEP 1
1 0 0 1
1
0 0
STEP 2
1 0 0 1
0
0 1
STEP 3
1 0 0 1
0
1 1
STEP 4
1 0 0 1
1
1 0
Table 20: Motor # 3clockwise Motion.
PIN
9 8 7 6
5
4
DATA BIT 8 7 6 5
4
3
STEP 1
1 0 1 0
1
0
STEP 2
1 0 1 0
0
0
STEP 3
1 0 1 0
0
1
STEP 4
1 0 1 0
1
1

3
2
0
1
1
0

2
1
1
1
0
0

DECHEX
137
131
134
140

89
83
86
8C

Table 21: Motor # 4 Clockwise Motion.
PIN
9 8 7 6
5
4 3
DATA BIT 8 7 6 5
4
3 2
STEP 1
1 0 1 1
1
0 0
STEP 2
1 0 1 1
0
0 1
STEP 3
1 0 1 1
0
1 1
STEP 4
1 0 1 1
1
1 0

2
1
1
1
0
0

Table 22: Motor # 5 Clockwise Motion.
PIN
9 8 7 6
5
4 3
DATA BIT 8 7 6 5
4
3 2
STEP 1
1 1 0 0
1
0 0
STEP 2
1 1 0 0
0
0 1
STEP 3
1 1 0 0
0
1 1
STEP 4
1 1 0 0
1
1 0

2
1
1
1
0
0

Table 23: Motor # 6 Clockwise Motion.
PIN
9 8 7 6
5
4 3
DATA BIT 8 7 6 5
4
3 2
STEP 1
1 1 0 1
1
0 0
STEP 2
1 1 0 1
0
0 1
STEP 3
1 1 0 1
0
1 1
STEP 4
1 1 0 1
1
1 0

2
1
1
1
0
0

2
1
1
1
0
0

DECHEX
153
147
150
156

99
93
96
9C

DECHEX
169
163
166
172

A9
A3
A6
AC

185
179
182
188

B9
B3
B6
BC

DECHEX
201
195
198
204

C9
C3
C6
CC

DECHEX
217
211
214
220

D9
D3
D6
DC

9.0
Development and Construction
This design project is divided into two phases these are:
1. Interface/Control circuit and Control Program design
2. Mechanical design
The prototype control circuit for the CNC machine tool was built
on a prototype board (bread board) during design and test. All the
concepts described in Section 4 were tested on a prototype board.
The circuits were tested using the Turbo C++ programs.
9.1

Test Results

9.1.1

Control Program

The first stage to be tested was the control program. The program
function is to send data to the printer port and read data form the
printer port. The data to the printer port must be sent in the form of
digital pulses to the device, which is connected to the computer.
These digital pulses must carry a current (µA) and a voltage in the
range of (0-5volts). The output lines of the printer port were
connected through an adapter to LEDs (20mA) and data was written
to the port. If the program is working properly the LEDs must be
turned on and off as per instruction of the program in real time.
9.1.2

2
1
1
1
0
0

DECHEX

Control Circuit

The circuits described in Section 4 (concepts1 – 5) were first
assembled on a prototyping board (bread board). The outputs of
the circuits were then connected to LEDs and the programs were
run to see the response of the circuit, the test programs are provided
in the appendices.
10
Conclusion
This paper set to highlight the need in developing machine tools.
The interface circuit was designed not only for this particular project
but can be used in a variety of applications such as robot arm,
conveyor belts, controlling valves in pipelines and many other
applications outside manufacturing which require clocked signals
to control external devices using a computer such as switches. This
circuit can be used to control any size of motor (Stepper motors or
DC motors), for motors requiring large currents (above 1amp)
relays can be used. A variety of programming languages can be
used to control the machine such as Pascal, QBasic and Visual
basic besides Turbo C/C++ used. Concepts of how to control the
89
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stepper motors were discussed followed by a brief on the
mechanical model of the CNC machine tool.
This paper set out to demonstrate the potential in Science and
Technology in the country that we have left untapped by failure to
commercialize these projects.
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SECURITY AND SURVEILLANCE SYSTEM
C Kamunda, F Gweme and X F Carelse,
Electronics and Communications Institute,
Scientific and Industrial Research and Development Centre,
Harare, Zimbabwe

ABSTRACT:
Security is becoming a critical feature in many establishments. Many
establishments have invested in sophisticated, expensive equipment. Many
householders who wish to protect their properties have made similar
investments. The need for security is especially true for any modern
research centre, tertiary institution, industry or household property. The
security of highly confidential information in commerce or government
is also of vital importance. The work done on most projects may be
subject to political, defence or industrial espionage.

keypad is used for entering a personal identification number (PIN).
A microcontroller checks the PIN and takes appropriate action
depending on the veracity of the PIN entered. This system has
already been installed on site and modifications will be made as
required. (Fig 1).
1.3

The microcontroller-based keyless entry system is controlled by a numeric
code that is entered into a keypad for decoding and recognition. In order
to gain access to any part of the building so secured, the user enters a
numeric code that is specific to each high security area and also to the
person to whom the code is assigned. The keyless door lock system
developed so far is part of a larger security and surveillance project, which
marks the beginning of the first phase of the project. The project is
aimed at satisfying the need for security starting with key locations such
as, storerooms and laboratories, within an organisation. The project is
aimed at import substitution and therefore reducing the amount of foreign
currency that is being used to import security and surveillance systems.
The complete security and surveillance system will incorporate closed
circuit visual monitors placed at strategic points. All high security access
points will be connected to a central computer and monitoring system.
The Software Engineering Division of IEI will be responsible for
designing the computer interface and the personnel tracking system, which
will identify the person and maintain a database of all movements into
and around the area. Further sophistication of the security system will
be realised by the use of plastic “credit card” or button-type tabs keys

1.0

SECURITY

1.1 Need for Security
In an environment where it is very expensive to replace equipment,
it is important to guard such equipment against accidental damage
by untrained staff, against malicious damage and, more specifically,
against sabotage by rival organisations. Many organisations
therefore require a high security system that comprises restricted
access of personnel and visitors to specific buildings and sites, as
well as strictly controlled access to project rooms, storage facilities
and administrative and research documents and archives.

(b) Organisations develop original products that have some
economic value to the company. The work done on these
projects are often highly confidential and may be subject
to industrial espionage.
(c) Organisations acquire specialised equipment that may
have been developed for a specific project. This includes
the production of prototypes that are unique and
irreplaceable.
1.2

Basic security access system

The Electronics and Communications Institute of SIRDC has
developed a simple access control system for a single door. A
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RA1/AN1
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RA4/TOCK1 3
MCL 4
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16
15

RA0/AN0
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OSC2
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RB0

6
7
8
9

13

RB7

12
11
10

RB6
RB5
RB4

RA3/AN3

RB1
RB2
RB3
Figure 1.

Layout of a basic security system

♦

Accepts up to forty unique 4-digit PIN numbers for the same
door.

♦

Supplied with forty pre-programmed user PIN numbers that
can be loaded into the system at any time when needed.

♦

Security PIN number which, for security reasons, is only
disclosed to the administrator.

♦

User PIN numbers that can be individually changed using a
special Change PIN code.

♦

Default PIN number request that is used to load the preprogrammed default user PIN numbers that are supplied with
the system.

♦

User 4 digit PIN numbers stored on non-volatile EEPROM
whose contents are not affected by a power failure.

♦

More than 8000 different PIN combinations are possible.

♦

Two LED status indicators.

♦

Request to Exit button for users inside the room who do not
need to enter a PIN number in order to open the door.

♦

Lock out after three successive attempts to access the system
resulting in failure.

♦

Warning alarm that is activated for a period of five seconds
after three successive attempts to gain access resulting in
failure.

Security is essential for the following reasons:
(a) The nature of business such as is carried out at most
modern industrial organisations demands a capital
investment in sophisticated, expensive equipment.
Security from theft is therefore an important consideration.

Security features of the basic system

2.0

THE ELECTRONIC CIRCUIT

2.1

The Microcontroller

The Microchip PIC16F628 microcontroller was used in the basic
access control system because it had all the features needed for 91
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such a system and was also quite inexpensive. It has the advantage
of Flash memory and can be subjected to in-circuit erasing and
reprogramming. Figure 1 shows the pin lay-out of the PIC16F628.
It has 18 pins, 13 of which are input-output channels, arranged as
two ports, Port A with five channels and Port B with eight. Of the
Port A channels, four may be configured as analogue inputs. Seven
of port B pins are used as digital pins for the keypad. The remaining
pins include the power lines, VSS and VDD, the connecting pins
for the crystal, OSC1 and OSC2, and the reset pin.
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move. The person on the outside is thus able to open the door
pushing it so that the bolt pushes the plate out of the way and so
the door can be opened. In the event of a power failure, those
persons inside the room may exit by turning the movable door
handle.

Figure 3: The movable strike-plate door lock
3.2

Figure 2: The pin lay-out for the PIC16F628 microcontroller
2.2.

The Magnetic Door Lock

The second type uses a powerful permanent magnet, placed above
the door and is shown in Figure 6. When the door is closed, the
magnet becomes attracted to an iron plate attached to the door.
The force of attraction is about 5000 N, equivalent to lifting a
mass of 500 kg. To open the door, a current has to be passed
through the anti-magnetic coils, which form an electromagnet
opposing the field of the permanent magnet. Thus the magnet is
deactivated and the door may be opened. The magnetic door lock
is inherently more secure than the movable strike-plate type.
However, the need for a guaranteed supply of current to open the
lock does not render it fail-safe. A back-up battery is needed so
that those inside the room are able to trip a switch, which will turn
on the deactivation current to allow them to exit.

The Input Circuitry

The keypad interface shown in Figure 2 acts as a user input device
to the system. The keypad may be the type in which the keys are
arranged in a parallel connection to a power point, or the matrix
type, in which the keys are inter-connected. The matrix keypad
was used in this system. A push-to-test switch causes a reset to the
program and is used whenever the program is found to malfunction.
2.3.

The Output Circuitry

Two LEDs are used as status indicators and two drivers control
the power to the solenoid of the door lock, and to the siren or
alarm.
3.0

ELECTRICALLY OPERATED DOOR LOCKS.

There are two types of electrically operated door locks in use in
Zimbabwe, namely, the movable strike-plate type and the magnetic
type. In both cases, the door lock is required to be fail-safe. That
means that if the power fails, the door lock will remain secure
against entry from the outside but persons on the inside may be
able to exit at will.
3.1

The Movable Strike-Plate Door Lock

A person inside the room can manually open a door lock of this
type. The handle on the outside is only used for pushing or pulling
the door. Persons wishing to enter through the door from the outside
of the room, have to enter their individual PIN. Figure 3 shows
this type of door lock. The strike plate, as in a normal lock, thus
holds the door bolt. The strike plate is hinged but is held in place
by an internal mechanical latch. When a solenoid, built into the
lock, is activated, the latch is released and the strike plate is free to
92

Figure 4: The magnetic door lock
4.0

THE CHECKING PROCESS

4.1

The Finite State Machine

A program, installed in the memory of the micro-controller, is
responsible for all the control operations of the door lock system.
The program was designed based on a modular or finite state,
structure. The use of the finite state machine approach for the
development of a microcontroller programme for industrial
applications is highly recommended. A state may be described as
a stage in the operation of a process in which clearly defined actions
are to be taken. Each state, with the exception of the initial state,
must have at least one entry point, depending on decisions made
within a previous state. Each state must have at least one exit
point, depending on decisions made within that state and identifying
the next state to be entered. All industrial processes move from
one state to another. The actions taken within a state could include:
♦

Measuring and testing specific parameters and input
signals.

RESEARCH COUNCIL OF ZIMBABWE

¨

Reacting to specific actuators such as operator actions,
switches, interrupts, hazards, malfunctions.

¨

Activating specific indicators and warnings.

¨

Making decisions regarding the viability of the current
state.

¨

Making decisions regarding the transfer to the next
appropriate state.

proceedings of the seventh symposium on science and technology

(d) It will allow access to high security rooms and facilities
to which the owner has authorised entry (the highest
status).
Third attempt

Figure 4 is the checking process or finite state machine for the
door lock access control system, which has a number of states,
each of which will be discussed briefly. The diagram is selfexplanatory.
4.2

Security Code

When the alarm is sounded because of a forced entry or someone
has entered the wrong PIN three times in succession, the door
becomes inaccessible. Not even a correct PIN will allow entrance
through it. This state can only be relieved by a security guard
who, after investigating the reason for the alarm, will enter a secret
security code that would reactivate the system.
In the advanced system, the security code could be randomly
generated by the computer and accessed on the console in the central
security office. This will increase the level of security, as the same
code could not be used on the next occurrence of an alarm state.
The security code would therefore be specific to that particular
door and only at that specific event.
5.

FUTURE DEVELOPMENTS OF THE SYSTEM

It is anticipated that this basic project will be expanded to include
the design and development of other electronic devices needed for
a high-level security system. The simple door lock access system
developed so far is the first phase of the larger security and
surveillance project.
Communication between a microcontroller and a personal computer
has already been studied. Such a communication system has already
been subjected to simple tests involving a central computer used
to access a number of doors and has been the subject of an SIRDCfunded project undertaken jointly with NUST. It is expected that
each unit or division within an organisation would have a computer
that would monitor the access to all high security rooms on its
premises. A network will be designed that will allow a central
computer to access all security computers within the organisation
so that a central security office would be able to monitor movement
throughout the company. A software program will also be designed,
including the necessary inter-divisional protocols that would ensure
the integrity of the entire security system and preserve the history
of all security-related events that involve access to restricted areas
throughout the organisation.
5.1.

The Personal Identification Number

All persons who would normally be allowed access into a restricted
area are provided with a personal identification number or PIN
that is specific to that person and area. The PIN will be in the
nature of a user ID and password that is unique to that person and
which the person could change at will without jeopardising the
security system.
The PIN will have the following features according to the level of
the owner’s security status:
(a) It will identify the owner as soon as it is entered (the lowest
status).
(b) It will allow access into the building in which the owner
normally works.
(c) It will allow access into the office or laboratory in which
the owner normally works.

Figure 5: The finite state machine for the code monitor
5.2.

The Security Features.

The entrance code is devised so that various levels of security or
access are recognised. While access will, in general be allowed to
most staff working in a particular building, it will be specific to
each high security room and also to the person to whom the code
is assigned. All locks will be programmed to recognise the level
of security that has been assigned to the specific door. The
microcontroller for each lock will be programmed to hold the PIN
of all personnel who are authorised to enter that specific room
(Figure 5). In this way, the PIN of each member could be
completely random and unrelated to others. If necessary, the PIN
of a staff member that is temporarily permitted access to the room,
may be added to the authorisation list from a central computer, or
erased when such permission is rescinded. Similarly, the PIN of a
retired member or one who is deemed to have become a security
risk could be erased or changed instantly from specific locks.
PIN numbers may be replaced by the use of tab keys. Similar tabs
are already in use in various buildings in Harare and are linked to
a system that is imported from the USA via South Africa. It is the
intention of SIRDC to replace such systems with locally developed
systems.
6.

SURVEILLANCE

6.1.

CONTINUOUS MONITORING

Continuous surveillance of premises, both inside and outside, is a
feature that is required by many customers. Such systems are
presently imported from the United States through South Africa.
SIRDC is now investigating the use of video monitoring as an
addition to the existing keyless door lock. Digital cameras have
the capacity to take pictures, which are transferred immediately to
93
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a computer hard disk. Digital cameras are cheaper to implement than the closed circuit television, CCTV, systems used presently.
SIRDC has used a digital camera in a preliminary test. The camera may be triggered by movement or could be programmed to take
pictures at regular intervals. This uses less storage space than the conventional CCTV, and does not require a videocassette recorder and
tapes. The computer that is used for controlling access will also be used for storage of the surveillance pictures.
6.2.

INDIVIDUAL MONITORING

Digital cameras will also be used to take a snap shot of persons accessing certain high security areas. This picture is projected on to a
computer screen at a security desk. At the same time, the computer itself will also project a stored photograph of the authentic owner of
the PIN on the computer screen. The guard on duty would then be able to ascertain that the person seeking entrance is the same as the
person to whom the number belongs. This will provide an immediate warning of a breach in security. It will also prevent an employee
from letting other personnel use an assigned PIN or tab.

.
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INNOVATIVE ARCHITECTURE FOR SUSTAINABLE RURAL DEVELOPMENT IN ZIMBABWE
Zivave Vusimbe, B. Arch.
Prof. Predrag V Milosevic, Ph.D. Arch

ABSTRACT
The architecture for sustainable development is a process
rather than a product. In the sense that architecture intends to
improve the quality of the environment its purpose is similar both
in the developed and the developing world. Only the approaches
vary. While architecture as a product is not one that is desirable
for the developing world, much has been said about the need for
a participatory approach as an alternative to the architectural
products of the developed world.
The context of Zimbabwe, as any other developing society,
on the other hand is dynamic. Development challenges architecture
and pushes it to address issues that are from time to time
overwhelming to avoid. The imagination is challenged by reality,
and this reality is often not within the realms of an architect’s
formal training. There is the perpetual need to invent and reinvent
and to learn from the country’s own tradition, society, economics,
culture and from the people altogether, especially people in rural
areas, since they are much better connected with the essence of
any sustainable environment than their urban counterparts.
The architecture for sustainable rural development has to be
people oriented, for they are the main players of the development
process. The process of designing innovative architecture becomes
more important than the product itself and the resultant built form
bears witness to this less regulatory and more humanly inventive
process. The task is to rediscover traditional methods and materials
to develop an architectural vocabulary that belonged to its place
and its people, here and now in the country, which is currently
going through its essential agrarian reform.
The purpose of this paper is to stimulate an interest in
“regional”, Zimbabwean vernacular rural architecture or the search
for an architecture that generated from and belonged to its place.
Architects in Zimbabwe, not only those who are designing for
rural areas of course, than their “urban” counterparts too, should
rethink their approach to the work. Their schemes must address
communities and both in this part of subtropical Africa at the
beginning of 21 st Century. Traditional and new, innovative
materials technologies need to be used for a better and faster
development in vast expanse of rural Zimbabwe, now and in the
future.
Key words: Innovative architecture, sustainable rural development,
Zimbabwe, renewed materials and technologies, people
participation.
1. INTRODUCTION
The concept of innovative architecture for sustainable rural
development in Zimbabwe has been inspired by the Land Reform
Policy. This Land Reform and Resettlement Program Revised Phase
II document super cedes the Land Reform and Resettlement
document of September 1998.
After independence, Zimbabwe inherited a racially skewed
agricultural land ownership pattern where the white large-scale
commercial farmers, consisting of less than 1% of the population
occupied 45% of agricultural land. Seventy-five percent of this is
in the high rainfall areas of Zimbabwe where the potential for
agricultural production is high. Equally and significantly, 60% of

this large-scale commercial land was not merely under-utilized but
wholly unutilized.
Agrarian reform in Zimbabwe therefore revolves around the land
reform where the systematic dispossession and alienation of the
land from the black indigenous people during the period of colonial
rule, are adequately addressed. The agrarian reform involves
restructuring of access to land, and an overall transformation of
the existing farming system, institutions and structures. It includes
access to markets, credit, training and access to social,
developmental and economic amenities. It seeks to enhance
agricultural productivity, leading to industrial and economic
empowerment and macro growth in the long term.
The impetus for this particular paper came from the research project
“Rural Community Development and Architecture” that has been
focused on Nyajena Community, Masvingo Province, Zimbabwe.
It was undertaken by Bachelor of Architecture course’ student
Zivave Vusimbe at the National University of Science and
Technology, Faculty of Architecture and Quantity Surveying,
Department of Architecture in 2003-2004, after the
recommendation and under the supervision of Professor Predrag
V Milosevic (co-supervision by Professor Anthony DC Hyland
and Lecturer M. Murombe).
The following are the objectives of the Land Reform and
Resettlement Policy:
1. To acquire not less than 8.3 million hectares from the large scale
commercial farming sector for redistribution
2. To decongest the over-populated and/or over-stocked wards and
villages for the benefit of landless people, under Model A1
(villagized, self-contained and three-tier land use plans).
3. To indigenise the large scale commercial farming sector through
Model A2 – Small, Medium and large-scale commercial settlement
scheme.
4. To reduce the extent and intensity of poverty among rural families
and farm workers by providing them with adequate land for
agricultural use.
5. To increase the contribution of the agricultural sector to GDP
and foreign currency earnings.
6. To promote environmentally sustainable utilization of land
through agriculture and eco-tourism.
7. To develop and integrate small-scale farmers into the mainstream
of the commercial agriculture.
8. To create conditions for sustainable economic, political and social
stability.
The land reform program aimed at the elimination of poverty among
rural communities and the economic empowerment of the
indigenous people of Zimbabwe.
2. SCOPE AND METHODS OF STUDY
Buildings that have been constructed in most rural areas in
Zimbabwe leave a lot to be desired. Most of the ideas are left
unfinished in most cases because of shortage of funds. Construction
activities has become unsustainable as the rural dwellers couldn’t
afford to sources the building material, most commonly used like
asbestos, concrete blocks steel door and window frames. Most of
the construction is done by engaging local contractors and in some
95
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cases people hired from other districts. The community has
condemned this and the approach need to be changed to a system,
which focuses on people participation to achieve sustainability.
Information was collected though quantitative and qualitative data
collection. Questionnaires were distributed and focused interviews
conducted.
2.1. Sustainability
Rural communities in Zimbabwe need to be sustainable to inspire
development. For this to take place architects, engineers’,
environmentalist, planners and other professionals have to come
up with some innovations, which will cut expenses from the
planning stage to project completion. Sustainable architecture is
defined in four ways, which are, environmental, technical, financial
and cultural sustainability.
Environmental sustainability is achievable through sound land use
planning and the use of indigenous materials that minimize damage
to the local and regional eco-system. Technical sustainability
requires the presence of local people with the technical skills
necessary to design constructs and maintains communities and
buildings. Financial sustainability requires moving towards
reducing reliance solely on government subsidies by creating selfhelp financial institutions along the lines of the savings and loan
and community bank-type institutions. Another defining
characteristic of sustainable architecture is that its design is guided
by a culture of a place, which means that building design and
construction reflects local culture and customs, climate, material
availability and affordability, and the skill base of the people.
Culture of place recognizes a people’s need for community and
their aspirations for more livable neighbourhoods and settlements.
This also makes sure that the existence of the building does change
much of the way in which the people are living in that locality.
Rural communities need to produce their own materials by just
providing them with the right tools and infrastructure like the
material production sites, power and transport.
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In rural Zimbabwe electricity is needed to power small industry
and enterprise, run health clinics and light schools. Without it, rural
poverty will not be eradicated. Where communities seek additional
options for energy supply, the idea is to help them to develop and
promote sustainable energy technologies — sustainable, not only
because they use renewable energy sources, but also because the
community can participate in designing, building and maintaining
the project.
These options include affordable solar power, small-scale wind
generators, biogas plants, micro-hydro plants, and offer many
advantages for meeting the needs of the rural population.
3.1. Solar power
Energy from the sun travels to the earth in the form of
electromagnetic radiation similar to radio waves, but different
frequency range. Available solar energy is often expressed in units
of energy per time per unit area, such as watts per square meter
(W/m2). The amount of energy available from the sun outside the
earth’s atmosphere is approximately 1367W/m2. Some of the solar
is absorbed as it passes through the earth’s atmosphere. As a result
on a clear day the amount of solar energy available on the earth’s
surface in the direction of the sun is typically 1000W/m2. At any
particular time the amount of solar energy is primarily depended
upon how high the sun is in the sky and current cloud conditions.
On a monthly basis, the amount of solar energy depends upon the
location. Furthermore, useable solar energy depends upon available
solar energy, other weather conditions, the technology used and
the application. Solar energy can be used to pump water and supply
energy for use in building for sustainable rural development in
Zimbabwe.

3. ENERGY SOURCES
Rural development in Zimbabwe has been at a low pace as a result
of lack of appropriate technology. Most of the technologies used
in rural Zimbabwe are outdated and some of them result in negative
effects to the environment. In many parts of Zimbabwe, most of
the hard woods have faced extinction, as firewood is the prime
source of fuel used for cooking. Kerosene and candles are often
used for lighting, but these are very expensive and in some cases
unavailable hence the need to explore alternative energy sources.
Energy is a fundamental requirement for sustainable rural
development and architecture in Zimbabwe. Life is hard for the
women and men in rural Zimbabwe and the need for access to
modern, ‘clean’ energy is acute. In rural homes, families spend at
least a third of their income on kerosene for lighting and diesel for
the milling of grain. Zimbabwean women also devote a huge amount
of time collecting, processing and using wood and dung for cooking
– time which could be spent on child care, education or income
generation.
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According to the United Nations (UN), in a country where nearly
80 percent of the population rely on farming for a living, poor
farmers face declining yields and incomes in the traditional coffee
and tea growing areas pushes them into even more biting poverty.
Just to survive, they will be forced to clear forests in higher, cooler
areas. This can only add to environmental damage, which in turn
can lead to increased poverty, hunger and ill health. Energy supply
can transform rural communities. At the beginning of the third
millennium, over two billion people around the world (one third
of the global population) had no access to grid electricity or to
other forms of modern commercial energy supply. For three billion
people, the main energy usage is ‘biomass’ – wood, charcoal, and
organic waste. Overwhelmingly, these people are concentrated in
developing countries. In Zimbabwe rural communities the main
source of fuel was identified to be wood.

Figure. 1: Solar panels used to pump water from wells to overhead
tanks
Source: Thames & Hudson, Aga Khan Awards for Architecture (p.
87)
Energy from the sun is virtually free after the initial cost has been
recovered. Depending on the utilization of energy, paybacks can
be very short when compared to the cost of common energy sources
used. Solar and other renewable energy systems can be stand alone,
thereby not requiring connection to power grids. The sun provides
virtually unlimited supply of solar energy. The use of solar energy
displaces conventional energy, which results in a proportional
decrease in greenhouse gas emissions.
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failing technology, has become a success. This is a line of thought
that can be exploited for rural Zimbabwe too in trying to introduce
new technologies in terms of energy supply. The development
agencies can work with institutes such as the National University
of Science and Technology, research organisations like the
Scientific Institute of Research Development Cooperation (SIRDC)
to come up with appropriate energy solutions for rural community
development and architecture initiatives in such communities .The
use of biogas can be possible given the large herds of cattle in
Zimbabwe’s rural communities where there is an average of five
herds per family. On-farm biogas plants collect cow dung from
adapted cattle sheds, mix it with water and channel it into
fermentation pits. The resulting gas is fed directly to the farmer’s
household to provide energy for cooking, laundry and lighting.
Figure. 2: The college campus entirely solar-powered
Source: Thames & Hudson, Aga Khan Awards for Architecture (p.
87)
For many remote and rural parts of Zimbabwe the practical and
financial difficulties associated with distributing grid electricity
mean that for many years to come people are going to be reliant on
alternative sources of energy for their domestic lighting needs.
There are many ways that solar energy can be used effectively.
Applications of solar energy use can be grouped into three primary
categories: heating / cooling, electricity production, and chemical
processes. The most widely used applications are for water and
space heating.

Incomes have risen as women and girls are freed from up to two
and half-hours a day of domestic labour, using the time instead for
new income generation. The biogas plants also produce organic
waste, which is dried and used as fertilizer. Both fertilizer and fuel
wood are increasingly expensive in the country and biogas has a
potentially important future. It may also be used to manage organic
waste in urban settings. Given the high poverty level in rural
Zimbabwe, the community cannot afford to buy inputs such as
fertilizer for their crops and in many years this has contributed to
the low yields.

Intermediate Technology Development Group (ITDG) consulting
subsidiary have developed a low cost Solar Lantern designed to
make this source of energy more accessible. The lantern, now in
prototype, can provide up to six hours of high quality light, or a
combination of light and radio output to bring news and information
to households. The solar lanterns produce excellent light, even
better than conventional electricity.
Solar cookers can be used as an alternative-cooking device in rural
Zimbabwe. Basically they are of two types: a simpler direct solar
cooking device, in which the cooking takes place at the point of
solar concentration, and advanced type, which consists of energy
storage and sun tracking devices.
Solar collection areas of various constructed and field-tested solar
collectors range from 0.36 to 1.07m2. The computed or measured
periods required to heat one litre of water from ambient temperature
to boiling point range from about 15 minutes for the rigid plastic
parabolic to 30 minutes for the solar oven (by way of comparison,
the normal heating time on a wood fire or a kerosene burner is
generally 5 to 10 minutes). Most of the material required can be
manufactured locally in developing countries, but all the designs
need some components or materials manufacture (such as reflector
shells, and shaped metal components), among others in organized
and established industries.
3.2. Biogas
Zimbabwe is divided into five agricultural farming regions. Regions
1-3 is mainly crop production, region 4-5 mainly livestock
production, and region 4-5 is mainly the communal land, which
were formerly the tribal trust lands. In most of these areas biogas
plants can be established because of the increased population of
cattle.
If biomass could be used for cooking as the principal energy source
in rural Zimbabwe, energy problems would be reduced. The idea
is to bring technical improvements in its use; for example, by
developing and commercializing low cost cooking stoves to
improve upon the traditional three-stone cooking fires. In Sri Lanka,
ITDG has helped commercialize new biogas schemes and has
worked with national authorities, universities and with local
communities and institutions to ensure that biogas which was a

Figure. 3: Biogas plant
Source: Internet website:
expertise.htm#solar power

www.itdg.org/html/energy/

3.3. Micro-hydro systems
ITDG has developed micro-hydro systems with communities in
Nepal (around 1,200 schemes benefiting around a million people),
Peru, Sri Lanka, and Kenya. These systems, which are designed to
operate for a minimum of 20 years, are usually ‘run-of-the-river’
systems. This means they do not require a dam or storage facility
to be constructed but simply divert water from the stream or river,
channel it in to a valley and ‘drop’ it in to a turbine via a penstock
(pipeline). In rural Zimbabwe community there are a number of
perennial streams, which can be used for such a plant. These rivers
are being used by villagers to water their vegetable gardens and
for domestic functions. This type of hydro generating avoids
damaging of the environmental and social effects that larger
hydroelectric schemes cause.
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Cost for a typical micro-hydro system varies depending on the
project. As a guide every kilowatt of power generated cost around
£800 (2003). A 6-kilowatt system, enough to drive an electric mill
and provide light for a community of about 500, would cost
approximately £4,800(2003). Experience shows that community
capital (in labour and cash), financial credit and improved income
make these schemes economically viable and sustainable. Besides
providing power for domestic lighting and cooking needs, village
hydro schemes can also be used for charging batteries or for income
generating activities like grain milling, depending on the needs of
the community.
3.4. Wind energy
The potential of using wind energy is there especially on the
mountain peaks where wind speeds are slightly high. Evidence of
wind energy in action has been seen in most of the commercial
farms where the technology is used to pump water for irrigation
activities. This idea can be extended to buildings within the rural
areas such that energy can be generated from the same mechanism
and in some cases creating hybrid facilities where two or three of
these alternative energy sources can work hand in hand. The source
of the wind is the sun, which causes atmospheric temperature
differences, which in turn result in pressure differential and
accumulation of potential energy. Wind is the mechanism by which
this accumulated potential energy is dissipated as kinetic energy
.The use of wind energy therefore depends on successfully
converting this kinetic energy to useful shaft power.
On a global scale, countries lying slightly north or south of the
equator particularly in the regions of 10 degrees north to 20 degrees
south are generally well endowed with wind resources and in these
regions the “trade winds” tend to be steady and strong giving rise
to high and sustained wind velocities. Because of their typical
geological location, many developing countries are, in general,
favourably endowed with wind energy resources and wind energy
systems have considerable potential to meet some of the energy
demands of buildings. Because of its variable nature, wind energy
is best used when it is interconnected with other power sources
(UN, 1980). Generally, wind speeds in excess of 15 km/h are
required for practical wind applications.
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4. BUILDING MATERIALS AND TECHNOLOGIES
4.1. New materials and techniques
Improper use of materials has resulted in escalating costs of
buildings in most rural communities. Most of the materials used in
rural areas are the same as those used in the urban areas. Surveys
carried out by research institutions like the ITDG have shown that
rural communities can make their own materials, which are more
appropriate to their locality. Research carried out over the last 20
years in industrial and building research institutions worldwide
have led to the development of a range of new building materials
and techniques which can be produced entirely from local resources
using simple scale technologies and adapted to local building
traditions. Among the more promising developments are the
following:
4.1.1. Innovations in soil construction
In rural communities in Zimbabwe, we have to adopt new and
innovative techniques that have been developed in recent years
for the production of high quality, low cost blocks made from earth
using a stabilizer, such as a small amount of cement or lime, to
make it strong, durable and impervious to water. The UN Centre
for Human Settlements (Habitat) and appropriate technology
development organizations such as the International Centre for
Earth Construction (CRATerre), as well as a number of building
research institutions in developing countries, have actively
promoted wide scale production and use of stabilized-soil blocks
as an effective to burnt-clay bricks and concrete blocks. In
Zimbabwe’s communal lands this technology is not yet been in
operation and when the building production centres are introduced
within each village, this will inspire rural community development
and architecture in this rural area. The process of making stabilized
soil blocks is not complicated and can be done on a small scale
with simple hand-operated block-presses using a wide range of
soil types. A variety of block-presses are now in use in some African
countries but in Zimbabwe this technology is not yet in use, so the
challenge is to bring these ideas to the level where these can be
passed to people up to implementation. Some material options,
which can be used to assure sustainable rural developments in
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Zimbabwe are fibre-concrete roofing, Ferro-cement products,
cement, recycled products soil stabilized blocks and rammed earth.
4.1.2. Fibre-concrete, ferro-cement and alternative binders
These production techniques and equipment are widely available
for the small scale manufacture of fibre concrete roofing tiles, using
simple locally-made equipment, requiring little energy and largely
unskilled labour, and offering both cost-effectiveness and durability.
Fibres from a wide range of locally available plants such as sisal
can be used. The feasibility of fibre concrete roofing has been
demonstrated successfully in more than 70 countries covering more
than 2.5 million square meters of roofing area.
A wide range of low-cost efficient, building elements such as Ferrocement rafters doors water tanks and toilet units have been
developed in some African countries and in countries in other
regions. These are increasingly providing to be cost effective with
the rising prices and scarcity of timber.
A new generation of production plants is now in operation in China
and India. These produce cement identical to that produced in
conventional large-scale factories but at scales as low as 20 tons
per day. These plants can use small local raw material deposits to
provide for a local market.
4.1.3. Reuse of waste materials
One of the greatest technological opportunities available to
building-materials industries is their potential to incorporate wastes
from agriculture and industry, both as raw materials and as fuel
substitutes, thus simultaneously reducing pollution and the need
for extraction of new materials. Timber wastes and agricultural
waste can be processed to form building boards. The residues from
rice processing and groundnut residues are all materials, which
can be use as fuels in brick making and lime burning. The ash from
many agricultural residues also has pozzolanic properties making
it suitable for incorporation into lime pozzolana cements.

proceedings of the seventh symposium on science and technology

Action-Pack block press is a little bit different then first two. From
tests done on red coffee soil, it was determined that a single operator
could produce compaction forces of between 8 and 10 tons when
using the new press and thus the components of the press were
designed to withstand the stresses generated by these forces In the
past few years quite a number of Action-Pack presses have been
manufactured and are in use, but no major problem has been
reported so far with the operation of the presses. However, as with
all other designs, there is no doubt that many possible modifications
could still be made to improve its performance. Certainly the costs
of manufacture and materials could also be reduced with further
refinements to the design.
The list of innovation in soil techniques hasn’t been tested in
Zimbabwe but from the details obtained, they are appropriate to
Zimbabwe. These are some of the solutions to problems associated
with sustainable rural development.
4.1.6. Irrigation development
Irrigation is the controlled application of water to arable lands so
as to satisfy the crop water requirements not satisfied by rainfall.
Irrigation system’s design is based on knowledge of observed and
experimental data that includes taping of water resources in an
economic way so as not to lose the water quality or quantity. It
should allow drainage of the surplus water. Care should be taken
to avoid and minimize environmental damage to the lowest possible
amounts.
4.1.7. Water harvesting
To supplement the water collected in the dams and water from
other ground sources, attempts should be made in Zimbabwe’s rural
areas to harvest water during the rainy season. This water can be
collected and stored in collecting tanks and can be used for the
purpose of flushing toilets and watering the gardens. Elsewhere in
the world, water-harvesting tanks have been designed like at the
barefoot college campus a geodesic dome was used to cover the
water tanks.

4.1.4. Stabilized soil-block (ssb)
The SSB has a long history in Kenya. There are a number of
machines, which are used with this technology like the Cinva-Ram
block-making machine developed in Colombia. The SSB is cost
effective and performs extremely well. The use of SSB, in general,
saves 40 to 60 percent in the cost of wall materials and 15 to 35
percent on overall building materials cost (compared to buildings
made from conventional materials). The most fundamental aspect
of successful dissemination effort of this technology is the
implementation of a number of comprehensive training programs.
4.1.5. Block-presses
Three particular sorts of block-presses can be very useful for the
purpose of innovative architecture in Zimbabwe now.
Cinva-Ram block-press is the most common machine used for
making stabilized-soil blocks. It is manually operated. The soil
mixture is manually loaded into the moulding box. The box lid or
top plate is closed and an over-centre command lever handle
assembly is swung into place. The lever handle is manually pulled
downwards through an angle of 90 degrees. As the bottom plate
rises, the soil in the mould box is compressed and the block is
formed.
David Webb designed bre-Pack block-press in the United Kingdom.
This is a modified Cinva-Ram press, which uses a manually
operated hydraulic cylinder to increase the compaction pressure
after the initial Cinva-Ram type compaction. It has a fixed
compaction ratio of 1.55 and a stop prevents the piston from moving
any further, ensuring that all blocks have the same size, (290 x 140
x 100 mm). Experience shows that hydraulics is prone to leaking
after relatively short time in use.

Figure. 6: Water storage tank Barefoot College campus
Source: Thames & Hudson, Aga Khan Awards for Architecture (p.
79)
The worldview of the designer and that of the user do not match in
current architectural practice. Users get the (mindless, monotonous,
creatively limiting) designs they deserve, say designers. This is
supposed to be even more applicable as the projects get larger.
In housing-cum-workplaces as it is suggested here for Nyajena,
there is a great potential to exhibit community-based approaches
to architecture. The residents are considered illegal by the
reductionism concept of life enshrined into the system of land use.
Here work is demeaned to a set of jobs, and leisure assumed to be
a commodity to be bought to improve the so-called quality (but
actually the quantity) of life. This led to ever increasing slums,
shortages (especially in water and fuel), and a qualitative
degradation of life. The dichotomy between work and leisure affects
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people in that they lose a basis for living (metaphysical, but also
economically) if they are torn apart into working and residing in
different places. Therefore, the point of departure in such
community projects is a break from conventionally classified land
use zones. That the authorities have ever been willing to consider
this in recent years, where living, working and leisure are
interchangeably conducted in the same piece of land is itself a
giant leap forward in the realization of such projects. With this
break follows naturally the integration of users and designers, of
builders and designers.
5. People participation
Settlement construction is an incremental learning process, by local
people who have learnt to grow and for them to grow with it. The
product the new settlement has to belong to those who live in it.
This sense of place and people’s sense of belonging to it can only
be fully realized over time but we believe it can be planted right at
the beginning by putting the responsibility with the prospective
inhabitants through their involvement. The importance of involving
the local community in the process of construction does not only
spring from both sides (the authorities and the local community)
short term perspective benefit, but most of all from the future need
to operate and maintain the settlement, such that it is fit for new
generation.
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Certainly, we should not be romantic and idealistic about popular
participation .The question of whether the average head of
household is able or even wishes to participate in making decisions
at regional or even local level is a relevant one. What contribution,
for instance would illiterate people in isolated communities or
ethnically divided ones, possibly make to the analysis, the
projections and the input decisions which go into shaping an overall
rural community development and architecture. Seen from this
angle, the question could then be restated.
6.1. STAKEHOLDERS SUPPORTING INNOVATIVE
ARCHITECTURE
6.2. LIST OF STAKEHOLDERS
Ministry of Science and Technology
Ministry of Local Government Public Works and National Housing
Masvingo Rural District Council
Ministry of Lands and Resettlement
Ministry of Agriculture and Rural Development
Department of Natural Resources
Department of Physical Planning
Nyajena community (Chief Nyajena, Councillor)
Scientific Institute of Research Development Cooperation (SIRDC)
Intermediate Technology Development Group (ITDG)
Zimbabwe National Water Authority
Department of Energy
In establishing this project, this list of stakeholders was interviewed
and the following issues were raised.
The Minister of Science and Technology Development Hon O. N.
Muchena expressed the need to use science and technology as an
engine of economic growth in the process of rural development in
Zimbabwe’s. From the discussion with the Minister, many
technologies that could be used in buildings were discussed like
the use of rammed earth, solar and wind power, biogas and micro
hydro power in the development process. She also commended on
the need to continue developing the ideas by capturing all aspects
of the Zimbabwean tradition and culture.

Figure 7: Men working on a brick manufacturing site digging earth
Most of the references dealing with the notion of people
participation date back to the late 1960s and mid- 1970s when the
concept started to be used in the context of the new approaches to
rural community development and architecture. Other researchers
would even date it as far back as 1930s, when in America the theme
was introduced to fight urban blight in inner city areas.

Figure. 8: People participation
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The concept of rural development was completed by an interview
with Dr V Hungwe where the need to come up with some production
centres within the communities was expressed so that the villages
can make their own building materials rather than buying them
from the hardwares in towns and cities. It was in this meeting when
it was agreed that the project could be implemented starting at
provincial level, district until we get to village level.
7. FIELDWORK TOWARDS INNOVATIVE
ARCHITECTURE
In coming up with appropriate solutions to sustainable rural
development in Zimbabwe, the researcher had to do study in
Nyajena communal lands, which was one of the communities,
affected by the land reform program. The study is aimed at making
this a model for innovative architecture for sustainable rural
development in Zimbabwe.

Figure 9: showing map of Nyajena communal lands
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Nyajena communal lands are located in the southeastern part of
Masvingo District. The entire communal land falls within agroecological zone 4, which is semi-extensive farming region. From
the data collected, the researcher gathered information on
agricultural land use and tenure, dams and their capacities,
environmental issues, food sources, incomes and expenditure,
wealth, institutional analysis, infrastructure, education, health status,
business.
7.1. Water
In Nyajena, there is a general lack of water sources. There are only
five dams that serve a population of approximately two hundred
thousand people on approximately six hundred hectares of land.
Sadly there are only two irrigation schemes, which are supposed
to serve the whole community. Attempts have been done to
introduce other water sources like boreholes, unfortunately most
of them are non-functional at present.
7.2. Housing
The problem of adequate housing in rural communities of
Zimbabwe has raised concern on many researchers and
professionals in the built environment. The demand for adequate
housing is ever increasing. Relatives who work in towns contribute
to the construction of houses in the rural areas. Its either the father
is working in the town and the mother in the rural areas or both
father and mother are in the town and they have some employees
in the rural areas. What most of the people in the studied area
value is to maintain their standard of living which means what
they experience when they visit towns should not be too different
from the standard of life they get from their rural homes.
7.3. Education
Income levels are lower than expected because the level of
production of agricultural products is low due to poor methods of
farming and lack of irrigation technology. Agricultural produce is
only for subsistence can not produce anything for sale. Existing
small business not viable. Most of them are mainly hand to mouth
businesses because of poor management skills. There is generally
because of high level of adult illiteracy. Most of the people aged
above 40 years cannot read and write although they can have
conversations in English. This problem dates back to the time of
the war where, most of these elders were comrades and some right
hand men and women of the freedom fighters, so they did not get
time to go to school.
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8. PROPOSALS AND DESIGN FOR INNOVATIVE
ARCHITECTURE
8.1. Industrial production centres
From the research conducted, there are three most important needs
of the community: water, electricity and adequate housing. During
the visit it was found that many people were prepared to find their
own funding for their houses but they would need help with getting
building materials and advice on building methods. Some families
said they would be willing to do the building work themselves if
they were shown how to do it. With the help of the community, the
researcher developed the idea of a centre that could provide support
for people building houses. The centre could buy building materials
in bulk and sell them cheaply to local community. It could also
provide advice on building methods, materials manufacturing for
example brick making and window frames, material supply.
After the analysis the need for three building types to address some
of these issues was established. There is need to propose new
homestead designs that address the issues identified, need for an
industrial production centre where materials will be produced by
the community and a learning centre for disseminating information.
8.1.1. Making building materials
This service helps people to save money by making their own
building materials. Exactly what is made depends on the type of
building that is being done. The type of building materials that are
made may also change over time as the community building projects
progress. For example, the centre may begin with brick making
and then go on to build wooden window or doorframes. It is
important to make sure that the materials are made to the correct
building standards as stipulated in the model building by-laws.
As some people would need to be trained in making the materials,
this service will also teach people new skills. This could help
unemployed people to find new jobs or to start their own businesses.
Before these centres are developed the community should make
sure that the materials are not already being made locally. The
centre should not compete unnecessarily with local industry or put
existing businesses out of action. If there are already such local
businesses, contact them to see how the centre’s activities could
help them, for example by telling people about their services or by
buying materials from them to sell to people who visit the centre.

It was evident from the study that some of the youths are ignorant
of their tradition. Even the building styles in these rural areas are
changing to match those in most urban areas, which uses concrete
blocks, asbestos and other materials with high-energy demands
and expensive. Some of the buildings identified were mere
matchboxes designed without the consideration of Zimbabwean
traditional values.

Once it is started, this service should be able to operate
independently and not need money from outside funding agencies.
However this will depend on the people who make the materials
being able to pay for the raw materials they use, for example through
the housing subsidy. Some money could be made for the centre
through selling any surplus materials. For example, part of the
selling price could cover the raw materials, part could go to the
person who made the raw materials and the remainder to the centre.

The government has made efforts to building rural clinics, and
other institutional buildings since independence. These are
functioning well, though at times there is a shortage of drugs. People
in most rural areas rarely go to the clinic for medication. In most
cases the researcher would see long cues on the houses of local
traditional healers and herbalists. This is a sign to show how the
communities in rural areas are ignorant of the help they can get
from the clinics.

8.1.2. Supplying building materials
Through materials supply service people can buy building materials
from the centre at more competitive prices. Savings can often be
made if materials are bought in large quantities. This is one way in
which the centre can offer materials at lower prices than individuals
may be able to find elsewhere. The centre could also help to deliver
bulky and heavy materials to the community building sites by the
supplier or manufacturer.

During the survey, on a rainy day, the researcher witnessed a
meeting, which was abandoned because of bad weather. It was
raining heavily and most of the people who were being addressed
by the councillor have to disperse. The councillor neither does he
have space to address his meeting nor an administrative office, he
is always walking around his areas addressing people wherever he
feels like.

The centre could provide this service for almost any kind of building
material, for example bricks, plumbing equipment, wood, nails,
and cement. Care has to be taken not to buy more materials than
you sell or have room to store. There is also need to have enough
money to buy the materials in bulk .It may take some time before
getting back this money as not everyone will want to buy the
materials at the same time. A system of advance orders would help
to estimate the number of items to be bought in bulk. Although the
initial money used for buying bulk materials may come from outside
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funding agencies, once the system is going this part of the centre
should be self-financing. But this will only happen if the centre
buys and stores materials that community members need and can
afford to pay for. If people do not buy from the centre, the centre
will lose money.
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From the entrance, the kitchen is the focus. This is the room that
receives visitors. People in Nyajena believe the best way of
welcoming a visitor is to give him food first and other things follow.
On the way to the kitchen, the visitor passes through chivanze,
“the main courtyard”

8.1.3. Resources needed
One person is needed to train people to make the materials and to
manage the activities, duties which include making sure materials
were made to the correct standards, buying raw materials, managing
payments for raw materials. Extra support staffs may be needed to
help keep the materials-making area clean, store the materials
properly. One person may be needed to manage checks the materials
in stock, managing the buying and selling, arranging deliveries.
Extra support staff may be needed to help keep the storage area
clean and tidy and to distribute the materials.
A secure storage area is needed to keep the materials in until they
are sold. This may or may not be at the centre. Some form of
transport to distribute the materials is needed too. The centre could
own a vehicle and driver or it could contract a local person who
has a suitable vehicle for this work. A space outside or inside large
enough for the work to be carried out in may be needed and a
secure storage area to keep raw materials and the finished building
components. The same applies to some form of transport to deliver
the materials.
8.2. Homesteads
On implementing this project, all homesteads sited in undesignated
areas like close to streams, on swamps are to be demolished and
erected on appropriate sites. For each family, with existing
homesteads, a recommendation is to be made on appropriate sites
for their homesteads. After the suggestion, the families are going
to be given the design with a list of guidelines on the use of
materials, use of energy, irrigation and examples from other
countries. With this information, the community can make their
choice on how to develop their homesteads.
In Nyajena there are existing homesteads, but as outlined in the
previous sections, these are no longer comfortable to the users,
hence the need for new designs. People living in the urban areas of
Zimbabwe are the same people living in the rural areas. In Nyajena
most of the homeowners work in Masvingo town and Chiredzi
whilst their wives maintain the rural home. When they visit their
wives, their lifestyle changes as they can no longer use the flush
toilets; they have to depend on candle and kerosene for lighting
and food they eat will be cooked using firewood. The other problem
they face is the risk of going to the Blair toilet at night where thieves
or witchcraft might attack them
The researcher designed a homestead that has flush toilets where
the water is supplemented during rainy seasons, when water is
harvested into storage tanks, some from boreholes, uses solar for
lighting, and heating the homesteads. When a visitor approaches
the homestead, to the left is the parents unit with sleeping area,
sitting space and an outdoor sitting space. This is strategically
positioned such that the parents can see whoever is entering the
homestead. The parents unit is separated from the guest unit by
ablutions. The guest unit has a bedroom and sitting room and an
outdoor sitting space.
People in Nyajena rural area value the protection of a girl’s child
and separation of boys and girls from the same huts. On approaching
the homestead, to the right is the girls unit. Girls have a duty of
welcoming visitors entering the homestead. Girls are separated from
boys by some common ablutions. Boys and girls units both have a
bedroom, a sitting room and an outdoor space.

102

Figure 10: Zivave Vusimbe. Nyajena homestead views.
Materials for construction are obtained from the material production
site. Stabilized soil blocks or rammed earth are used for the walls
with timber roof trusses supporting the micro cement tiles seating
on timber purloins. Solar panels are mounted on the southern faces
of the roof during construction and these are mainly used for lighting
and heating water.
8.3. Learning centre
This will be a centre for disseminating information. It will help in
raising the level of illiteracy in the rural areas. The design still
maintains the traditional layout of a central courtyard linking all
the spaces. From the research conducted, it was established that
people in Nyajena are hard working but there is a high level of
illiteracy. Most of the things they do, they put a lot of effort. One
of the recommendations made is to educate the locals, from the
youths to the adults. The knowledge can be imparted by forming
study groups teaching formal classes in primary, secondary and
high school, agriculture, skills training, health, tradition and any
other new technologies that might be needed by the Nyajena
community. This will need a place where these facilities can be
housed; hence the design of a learning centre for disseminating
this information was suggested. This building is to accommodate
some classrooms for teaching of agriculture, skills training, health,
tradition and any other new technologies. It is going to serve the
whole of Nyajena communal lands, and parts neighbouring of Zaka
and Chivi communal lands. It is strategically located close to the
chief’s residence central to the whole Nyajena communal lands.
The design of the learning centre follows the basic idea of a typical
traditional layout plan. All the learning facilities are arranged
around a courtyard. The building is designed in such a way that
you enter from the main entrance into an entrance hall. In the
entrance hall is the reception. To the left adjoining the reception
are two offices which join with the centre manager’s office that
has a choice of using his own separate entrance with other members
of staff who have office further left.
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centre’s work is also a requirement. Once the hive businesses are
established and receiving income from the sale of their products,
the centre can start to recover its costs by charging rent for the
workshop spaces. In the long term, some of the money paid in rent
can be used to subsidies another part of the centre’s work like
training, or the business may be able to afford to donate a proportion
of its profits to the centre.
8.3.5. Planning the centre
A steering committee or other group that represents all the sectors
of the community will do the work of planning the centre. Regular
public meetings and report-backs from members of the steering
committee to their groups will help to make sure that people are
kept informed and provide opportunities for them to make
comments and suggestions.

Figure 11: Zivave Vusimbe: Learning Centre layout.
8.3.1. Advice and information
Often people are prevented from taking action because they do not
know whom they can ask for help. A learning centre will help by
running an advice and information service. This is usually the first
and most important service a centre provides. As the centre
develops, the type of information and advice that is given may
change. The service will provide information in different ways and
at different levels of detail, for example contact names and
addresses to put people in touch with others who can help them
like government departments, suppliers of building materials, legal
aid, pamphlets or books.
8.3.2. Resources needed
A knowledgeable person to answer people’s questions is required
at the centre. As the number of inquiry increases more staff may be
needed. Office spaces and telephone communication line to help
get information from other organization and to link the centre to
the rest of the world.
8.3.3. Training
The centre will help in the community to get the appropriate training
to develop their skills and learn new ones. They will do this by
providing training courses in agriculture, adult education, religion,
health, and small businesses run by the centre’s staff and/or
information about courses run by other organizations and/or a venue
for other organizations to run training courses at the centre, using
the centre’s facilities. The type of training that will be offered at
the centre will support the building work that is going on in the
community.
A trainer and someone to organize the courses and provide advice
and information are needed. Extra support may be needed to help
keep the training centre clean and make sure the necessary
equipment available. A suitable space to hold lectures or workshops
and suitable equipment such as tables, chairs, writing materials,
newsprint or flip charts.
8.3.4. Small business
The centre could help skilled craftspeople to set up their own
business by providing space for their workshop, allowing them to
use the centre’s facilities and equipment, providing advice on issues
related to business management. In this way the centre will help
the local economy by encouraging job creation and establishing
useful services for the community. One person is needed to manage
the services. Space for workshops and facilities that can be used
by the local business without getting in the way of the rest of the

8.3.6. Running the centre
This centre will need some paid staff and volunteers who will be
responsible for overseeing the centre’s activities and making sure
that it addresses the concerns of the community. Community support
is essential for the centre to be successful. People are more likely
to use the centre if they feel involved in how it is run and see that
their concerns are being considered. For this a system of reporting
back to the community is needed. This can be done through a
management committee, whose members represent the different
groups within the community. The members of the committee will
not get paid for the work they do on behalf of the centre. Their role
will be to advise the staff who work at the centre and to leases
between the centre and the community when necessary. The people
managing the centre will give regular reports about the centre’s
activities to the management committee. The management
committees members will then report back to their different groups
and get any feedback from the community. Regular public meetings
about the centre’s work will also help to keep community involved.
8.3.7. Jobs
Suggestions for some of the staff that a centre may need are given
below. All these posts might not need to be filled. One person might
fulfil more than one role like the centre manager may also provide
training and/or technical advice.
- Centre manager
Duties may include:
1. General management of the centre, staff, security, accounts and
budgeting
2. Fundraising
3. Promoting/ marketing the centre
4. Leasing with community members and organizations that support
the centre
5. Reporting regularly to the centre’s management body (such as a
Trust) and sponsors.
- Store manager
Duties may include:
1. Finding out about making contacts with building materials and
component manufactures and suppliers
2. Providing information about prices and availability of new and
second hand building materials
3. Buying materials to be used in the building materials
manufacturing section
4. Bulk buying materials and redistributing/ selling them to the
community and keeping appropriate records
5. Making sure materials are stored correctly keeping warehouse
clean and tidy.
- Trainers
Duties may include:
1. Developing and contacting appropriate training courses, to the
required standards
2. Monitoring the success of the courses and modifying future
courses
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3. Providing facilities and equipment for training
4. Coordinating training programs with specialist support
organizations
- Technical Support Officer
Duties may include:
1. Providing advice and information to the local community
2. Collecting and making available relevant information for
example on local builders and subcontractors
3. Managing the material manufacturing activities, advising on
processes and quality control
4. Supervising community house building and checking standards/
quality of work
5. Keeping up-to-date records about each community-building
project, including details of progress, materials used and standard
of construction.
You may also need: a clerk, a labour, a cleaner and a driver
9. FUNDING AND FINANCIAL RESOURCES
9.1. Sources of money
Money to set up and run the centre can come from variety of
sources. The main ones are, sponsorship from commercial
businesses, grants from government or donor agencies, loans from
banks like Agribank, donations from charitable trusts or individuals,
fees from people paying to use the centre’s services, sales of
products or raw materials from the centre, and help in kind, donation
of materials, equipment, staff time. As the centre develops its
sources of funding will change. Initially it may depend on grants
and sponsorship, but as it develops it may be able to generate
income through its own activities. It is a good idea to try to get
funding from different sources to avoid depending on just one
source of income. Some service could become self-sufficient; others
may have to be subsidized.
9.1.1. Donations and grants from donor agencies
There are many non-governmental organizations and international
agencies that give grants and donations to projects that help local
community development. Such organizations may also give advice
about developing a funding proposal. Some of the nongovernmental organizations, which are involved in Nyajena
communal lands, are CARE INTERNATIONAL and RUDO.
9.1.2. Commercial sponsorship
Many commercial companies want to be seen doing well and
helping the community. They often have a certain amount of money
that they spent each year sponsoring good causes. In return they
usually like to get some publicity, for example their name on the
centre’s leaflets, or on the front of the centre’s building or fence.
To start this begin with companies that already have an interest in
Nyajena communal lands such as local businessmen or ask
companies whose products are commonly used by people in the
area. It is worth asking companies for help in kind for example,
tools furniture as well as money. You can give them a list of items
you need that they could choose from.
9.1.3. Government grants
There are national and provincial government schemes that provide
grants for community development projects. This can be done
through the ministry of local government and public construction.
Some people in Nyajena community may be legible for housing
subsidies, as this has to be confirmed with the same ministry.
9.1.4. Banks and other financial institutes
Applications can also be made for a loan to help start the centre
from a bank or other financial institution that supports housing
activities.
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The form of the building as one approach the main entrance was
designed to depict the hilly and valley nature of the Nyajena
landscape. Materials used in construction are mainly from the
material production sites made by the local community except for
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some very few acquired from other centres in the country. Walls
are constructed from stabilized earth blocks or rammed earth and
parts of the roof constructed from micro-cement tiles manufactured
locally. All the parts of the building are designed to achieve
sustainability. Solar panels and biogas in for lighting and hot water
requirements supply energy. Functions required for the centre are
as in the schedule of accommodation that follows:
8. CONCLUSION
The key concepts were community participation, issues of
traditional Shona settlements in Zimbabwe. One of the most
important issues identified was the lack of technological
interventions in Nyajena community. Agricultural production is
very little, use of energy is only restricted to wood which in some
way is leading to the disappearance of forests and water supply is
only from shallow wells. There is an urgent need to consider
alternative energy sources such as: solar energy, wind power, biogas
and micro-hydro power plants in coming up with energy solutions
to Nyajena community.
Energy provision is a very important feature in rural community
development and architecture. The Barefoot College campus in
India uses entirely solar power and has resulted in considerable
savings. This is an important lesson, which can be borrowed by
the Nyajena community. Involvement of the local community in
the construction process is an important exercise and has many
advantages.
After going through all these issues the research had to come up
with a summary of building types which are going to facilitate
rural community development and architecture in Zimbabwe now.
Firstly, the rural homesteads are becoming uncomfortable, hence
the need to design other structures to meet the community needs.
Secondly, the problem in the Nyajena community is not laziness
but lack of knowledge, therefore there is need for the establishment
of a learning centre for disseminating information. Shortage of
materials at the same time, the expense has restricted the community
from providing the best for them. So a material production site
where the community can gather and produce materials for
construction of their structures has been recommended.
Delivery of these building types mainly depends on community
participation. The community has to be involved from the planning
stage up to construction stage. For the homesteads, the community
is going to get guidelines and the design by the author and they
will be given an opportunity of designing their own structures or
use the one designed already using the same guidelines. Materials
used in construction are obtained locally and some on site. Soil
stabilized blocks or rammed earth are to be used for the walls and
micro-cement tiles for the roof.
The architecture for sustainable rural development has to be people
oriented, use appropriate technology in terms of locally adopted
materials and skills, use alternative energy sources, like solar energy,
wind energy, biogas and micro-hydro plants. The community is
the main players of the development process. The process of
designing innovative architecture becomes more important than
the product itself and the resultant built form bears witness to this
less regulatory and more humanly inventive process. Rediscovering
traditional methods and materials to develop an architectural
vocabulary that belong to its place and its people is now one of the
most important issues in Zimbabwe.
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A TEST TUBE AND TEST TILE ROTATOR FOR MEDICAL APPLICATIONS

Mhlanga S, and Chamakavinga K, Department of Industrial and Manufacturing Engineering
National University of Science and Technology,
Box 939, Ascot, Bulawayo, Zimbabwe
Abstract
The project sought to design for manufacture a machine that will be used
for stirring and mixing samples in test tubes and on test tiles in medical
laboratories. This was done as a positive undertaking towards localizing
the manufacture of critical capital equipment for the country. The overall
goal was to become self-sufficient as a country and to reduce Zimbabwe’s
balance of payments deficit and shortage of foreign currency through
regional commercialization of the machine. A survey was carried out to
establish customer requirements. The machine design was completed; it
can be used for test tube stirring as well as the test tile reagent-mixing.
This was a positive result as it meant combining the capabilities of two
machines into one, thus providing a huge cost-saving. The paper concludes
with cost justification of a product that addresses the need in the society.

4.

Quality Function Deployment (QFD)

A systematic process that helps designers quickly understands and
integrates clients’ needs into their products and services. The
process involves constructing one or more matrices. The first of
these matrices is called the House of Quality (HOQ) as shown in
Figure 1 (Eppinger, Ulrich, 1995).

E.
Technical
Correlations

Keywords: quality function deployment and Technology
Transfer
1.
Introduction
Shortage of foreign currency and a realization that most of the
equipment used in our laboratories and based on simple mechanical
motions has been the motivation for the project. The paper sought
highlight how design for manufacture was used to come up with a
machine for stirring and mixing samples in test tubes and on test
tiles in medical laboratories. This was done as a positive
undertaking towards localising the manufacture of critical capital
equipment for the country. The overall goal is to become selfsufficient as a country and to reduce Zimbabwe’s balance of
payments deficit and shortage of foreign currency through regional
commercialisation of the machine.
2.
Methodology
The methodology followed in carrying out the project was
structured and systematic, and involved the following steps:
1. Analysis of current stirrers/mixers on the market
2. Establish customer requirements by:
i. Conducting interviews
ii. Use of questionnaires
3. Derive product specifications by use of the House of
Quality
4. Generate product concepts
5. Select the best concept using Structured Problem
Solving or The Screening
Matrix
6. Concept development. Design quality into the product
through use of Concurrent Engineering concepts
7. Design for Manufacture and Assembly
3.

Literature Review

Literature review first established the meaning of ‘design’ as a
process of formulating a plan for the satisfaction of a human need,
(Shigley, Mischke, 1989), and also delved on the design
considerations that a designer has to consider, such as strength,
corrosion, thermal properties and wear. Design for Manufacturing
(DFM) is a philosophy and mind-set in which manufacturing inputs
is used at the earliest stages of design in order to design parts and
products that can be produced more easily and more economically
(Poli, 2001). There is need to get the inputs from the customer in
the process of DFM which is discussed in the next section.
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C. Technical Response
A.
Customer
Needs and
Benefits

D.
Relationships
(Impact of Technical Response on
Customer Needs)

C.
Planning Matrix
Market Research
& Strategic
Planning

F.
Technical Matrix
(Technical Response Priorities,
Competitive Technical
Benchmarks, technical Targets

Figure 1: The House of Quality
4.1 A – Customer needs/benefits
This is the starting place for all QFD activities. The common source
pf customer phrases’ representing their wants and needs is the
customer interview. Another useful source of customer phrases is
the questionnaire. It is known as the Voice of the Customer.
Customer needs are expressed as written statements. Each statement
can be translated into several needs.
4.2
B – Planning matrix
This is a tool that helps the development team to prioritise customer
needs. There are some needs that take higher precedence over
others. It is important to be able to identify these needs and give
them the highest priority.
4.3
C – Technical responses
This is a translation of the Voice of the Customer into Voice of the
Developer. Technical Responses – Hows – are a set of quality
characteristics through which a set of Customer Needs – Whats –
can be realised. Hows thus represent an array of design variables
or alternate solutions, which may or may not be independent.
4.4
D- Relationships
Relationship between market requirements and quality
characteristics are established.
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4.5
E – Technical Correlation
This is a very important feature of the HOQ since at times the
possible solutions could be redundant and may not add much value
to customer wants. At times the possible solutions may be at crosspurpose with each other. If two Hows help each other meet their
target values (How-muchs), they are rated as positive or strongly
positive. If meeting one How target value makes it harder or
impossible to meet another How target value, those two Hows are
rated as negative or strongly negative.

A review of the mixers currently on the market was done. The
following types of mixers were available, inter-alia:

4.6
F – Technical matrix
This represents the target values for each Technical Response. In
other words, for each technical response (How) there is a
corresponding value for a How-Much entry. The idea is to quantify
the solution parameters into achievable ranges or specifications,
thereby creating a criterion for assessing success.

6.2
-Roller, Rocker mixer
It provides a rotating and rocking motion.

5.
Concept generation
Having establish technical specification from the customer needs
in the QFD process there is need to come up with the different
concepts to achieve the design requirements. A product concept is
an approximate description of the technology, working principles,
and form of the product. It is a concise description of how the
product will satisfy the customer needs. A concept is usually
expressed as a sketch or as a rough three-dimensional model and
is often accompanied by a brief description. Thorough exploitation
of alternatives early in the development process greatly reduces
the likelihood that the team will stumble upon a superior concept
late in the development process or that a competitor will introduce
a product with dramatically better performance than the product
under development. This is how the Japanese have managed to
penetrate the markets rapidly.
When generating concepts, it is important to search for patents.
Patents are a rich source of technical information containing
detailed drawings and explanations of how products work.
Benchmarking is another way of generating sound concepts. In
the process of benchmarking teams can even go on to obtain and
disassemble most of the related products in order to discover the
general concepts on which they were based, as well as names of
suppliers of specific components.
A number of concepts must be generated and the best concept
selected using the Weighted Rank Method, and then further
developed (Cohen, 1995).
6

MIXERS

6.1
Roller mixer
A roller mixer, rather than a revolving disk type of mixer (rotary
mixer), is preferred for mixing blood and other specimens because
it is easier to use, provides gentle but thorough mixing of specimens,
can mix specimens in a variety of containers including Universals,
and can be easily decontaminated and cleaned, (Hemo-Dyne, 2001).

6.3
Roller, Tilting tube
It provides a roll and tilt or roll only motion. It has a stainless steel
spill collection tray and is design for continuous operation. It is
specifically designed to gently roll and, at the same time, rock a
variety of sizes of bottles.
6.4
Rotator (Orbital mixer)
A rotator with the following specifications is required for mixing
RPR agglutination tests used in the investigation of syphilis. Such
a rotator is also useful for other slide or tile agglutination tests
performed in microbiology, haematology, and blood transfusion
laboratories, (Rototron, 1999).
7.0
Applying Quality Function Deployment
Medical laboratory tests are done using samples from the patient.
Almost all tests are done using either blood or urine. It is therefore
essential that properties and characteristics of these fluids be well
known in order to aid the design process. Common tests like the
test for syphilis and pregnancy test must also be analysed, as they
constitute a large percentage of the test load carried out in a normal
working day at a referral hospital.
Now, having made a review of the current mixers and shakers, and
understood the samples and value of tests, the next section deals
with quality function deployment (QFD) to the equipment that
satisfies all specifications required.
A survey was first carried out by way of a questionnaire and oral
interviews with laboratory technicians from United Bulawayo
Hospitals (UBH), Mpilo Hospital, Parirenyatwa hospital, and the
NUST Biochemistry department, in order to establish customer
requirements. A thorough market research was also conducted to
capture the functions being offered by the other products on the
market, and to benchmark where necessary. Some of the customers’
points of view are shown in Table 1.

Table 1: Customers’ needs and benefits
1) Gentle and thorough mixing of samples

2)

Equipment resistant to corrosion

3)

Blood should not clot

4)

Equipment should have time control

5)

Equipment should have variable speed

6)

Easy to use

7)

Portable

8)

Safe to use

9)

Relatively cheap

10)

Samples should not dry out in RPR tests

11) Test tiles should be held form during shaking

12)

Easy to decontaminate and clean

13) Appealing appearance

14)
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Concept B
These view point answer to section A (Customer Needs and
Benefits) and C (Planning Matrix (Market Research and Strategic
Planning)) in the House of Quality discussed in the literature
section.
These requirements were then converted into a technical language
called a Technical Matrix (C and E) – one that gives product
specifications for every customer requirement. The technical
responses to the above requirements are shown in Table 2.

·

Figure 3. Concept
Rotator

B

Table 2: Technical responses to customers’ needs
1) 20 – 1400rpm motor
3) Use sequestrene, heparin, sodium citrate or Columbia agar as anti-coagulants
5) Speed controller unit
7) Platform size: 310 X 390; Overall weight: Less than 7 kgs
9) Mild steel, Simple workshop manufacturing processes, Sequential assembly
11) Polyurethane mat (skid-free)
13) Chrome-plating or spray-painting
A number of product concepts were developed as shown by the
Concepts A to D in Figure 2 to Figure 5 respectively. The detail of
each concept has been omitted design protection as product has
not yet been patented but for educational purposes can be followed
with the authors (Chamakavinga, 2004).

2)
4)
6)
8)
10)
12)

Aluminium, plastic, or chrome-plated steel
0 – 30 minutes timer
Few controls
Firm electrical connections
Humidifying lid
Modular assembly

•

Uses a cam

•

Platform with polyurethane mat

•

Platform with grooves for test tubes

Concept C

Rotator

Rotator
Concept A
Figure 2a. Concept A: The machine

Figure 4a. Concept C: The machine

Test tube tray

Polyurethane Platform

Figure 4b Concept C: The Polyurethane mat
Figure2b. Concept A: The Test Tube Tray
Concept A uses a cam and a platform with polyurethane mat while
the detachable test tube tray rack is to be slotted into rail.
Test tube tray
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Figure 4c. Concept C: The Test Tube Tray
Concept C uses a cam, detachable test tube tray to be slotted in
groove and detachable polyurethane platform to be slotted in groove
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Test Tube Rack

Concept D
Rotator

Figure 5a. Concept D: The Machine
Figure 5b. Concept D: The Test Tube Rack
Concept D uses a cam, removable test tube rack to be slotted in holes and a fixed polyurethane platform
Table 3 gives a summary of the concept selection process using the weight rank method.
Table 3: Concept selection – Weighted rank method
Selection criteria
A
Weight
Rating
Flexibility
0.10
5
Control
0.18
3
Ease of use
0.08
3
Maintenance
0.08
4
Capacity
0.05
4
Portability
0.11
3
Safety
0.05
2
Cost of manufacture and assembly 0.18
3
Ease of decontamination
0.09
3
Robustness
0.08
4
Total scoreRank
Continue

Concepts
W.S
0.50
0.54
0.24
0.32
0.20
0.33
0.10
0.54
0.27
0.32
3.36
1
YES

B
Rating
3
3
3
3
3
3
3
3
3
3

C
Rating
5
3
2
3
4
2
3
2
4
4

W.S
0.30
0.54
0.24
0.24
0.15
0.33
0.15
0.54
0.27
0.24
3.00
3
NO

W.S
0.50
0.54
0.16
0.24
0.20
0.22
0.15
0.36
0.36
0.32
3.05
2
NO

D
Rating
4
3
2
3
3
1
2
1
3
5

W.S
0.40
0.54
0.16
0.24
0.15
0.11
0.10
0.18
0.27
0.40
2.55
4
NO

From the summary Concept A was selected for consideration in the detailed machine design stage.
8.0

THE MACHINE DESIGN

8.1
Specifications
Having selected the best concept, further development of the concept now involved detailed design, (Design centre, 2000). The
specifications are as follows:
• A mechanical rotator
• Circumscribing a circle of 15 – 20mm in diameter
• Speed controller (20 – 200 rpm)
• Timer (0 – 30min)
• Plastic humidifying lid with a fitted dampened piece of sponge
• Skid-free polyurethane mat
• Aesthetically pleasing casing
The machine has been given the name Kuptec Rotator and its components are given in Table 4.
Table 4. List of machine components:
1.
Test tube tray
3.
Cam shaft
5.
Platform support
7.
Case
9.
Rubber mounting

2.
4.
6.
8.

Platform
Cam
Motor
Base plate

A structural breakdown of the machine is now carried out. It involves a brief description of the component and an explanation of its
relevance in the design. The motor selection process was as follows:
Description and Relevance
The motor provides the rotary motion, and with the help of the cam, the shaking motion as well.
8.2
Motor Selection
Determining motor speed (rpm)
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The product concept selected uses a cam similar to what is currently
being employed for RPR Tests. A motor with variable speed control
is being used. A value of 100rpm was determined by experiment
as being sufficient for RPR tests, (Cheesborough, Monica, 1987,
2000). The objective of using the same equipment for the mixing
of test tube contents calls for fresh calculations on the motor speed
to be used.
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v = velocity of platform
m = dynamic viscosity of blood
l = characteristic length (here l = diameter of test tube)
K = bulk modulus of blood
Now, for the particle to move Fnet has to be positive, that is Fnet > 0.
Therefore
Fnet
=
rl 2 v 2
–
(mvl
+
Kl 2 )
…………………………………………...Equation 2

>

0

That is,
Fnet
=
rl 2v 2
mvl
Kl2…………………………………………..……....Equation 3
Let A =rl2, B = -ml, and C = -Kl2
Substituting in Equation 1, we obtain
F net
=
Av 2
+
Bv
+
C.........................
………………………………………………..........…..Equation 4
which is a quadratic equation.
Using the quadratic formula for Equation 3, we obtain
………………………………………………….......….Equation 5
That is,
…………………………………………………...…....Equation 6
Figure 6: Test tube
Blood is a viscoelastic fluid therefore both viscosity and elasticity
will tend to resist motion of blood particles. For effective mixing
of blood and reagent, blood particle Z (see Figure 6) must move
from one side of the test-tube to the other – and W must do the
same, that is, it has to travel the full diameter of the test tube.
In flow, the behaviour of the particles depends on their inertia,
tending to carry them at uniform velocity in a straight line; and on
the action of forces resisting motion.
For the particle Z to exhibit motion, there has to be a net force
causing that motion.
In this case that force is given by:
Fnet = Inertial force – Resisting force
= Inertial force – (Viscous resistance + Elastic force)
F net
=
rl 2v 2
–
(mvl
+
Kl 2 ).
……………………………………………………….Equation 1
Where r = density of blood

The viscosity of blood m = 0.0027 Ns/m2
Density of blood r= 1060 kg/m3
Characteristic length l = 12mm = 0.012m
Bulk modulus of blood K = 2.17 * 109 N/m2
Thus,
= 1409m/s
Now, since the motion is rotational,
V = rw…………………………...…………………….Equation 7
Where r = orbital radius of the platform in metres, and w = angular
speed of the platform in rads-1.
The ideal orbital radius for a rotator is 10mm, (Cheeseborough,
1997), therefore
V = 10w or w = = = 140.9 rad/s
Therefore the required angular velocity for effective mixing of
blood and reagent is 141rad/s, or 1346rpm.
Therefore a 12VDC motor is selected for this application.
9.0
Summary Of The Materials And Manufacturing
Process Of All The Components
A summary of the materials and manufacturing process of all the
components are now summarized in Table 5.1.

Table 5: Summary of material and manufacturing process of components
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ID ITEM

MATERIAL

PROCESS

1 Case

1.5mm Mild steel

• Bending rollersn Dip into hot chrome bath

2 Skid-free mat

Polyurethane

• Purchase

3 Bottom plate

3.0mm Mild steel

• Purchase

4 Platform

3.0mm Mild steel

• Bending rollersn Weld

5 Test tube tray

Polyurethane

• Moulding / Extrusion

6 Cam

Dia.50mm x 25mm Thick Mild steel

• Turning
• Drilling
• Fasten to motor shaft using grub screw

7 Platform supports

Dia. 10mm Mild steel rod

• Turning
• Threading
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8 Vents

1.5mm Mild steel

•
•

Slit, andn
Bend on both sides for inlet and outlet

9 Mountings

Rubber

•

Purchase

10 Motor

•

Purchase

11 Timer

•

Purchase

12 Speed controller

•

Purchase

13 Power input plug

•

Purchase

•

Purchase

•
•
•
•

Purchase
Purchase
Purchase
Purchase

14 Connecting rod
15
16
17
18

Æ 10mm Mild steel

Transformer
Rectifier
Capacitor (470mF)
7012 Regulator (12V)

ix. Insert metal washer onto the lower end of the platform
supports
x. Insert nut onto the lower end of the platform supports
xi. Tighten the nut (.)
An Aggregated Bill of Materials (BOM) and detailed assembly
drawing were given in Chamakavinga, (2004).

Figure 7. Cam / Cam shaft joint
9.1
Machine Joints
All the machine joints were analysed and discussed in detail
(Chamakavinga, 2004). As an example, the Cam / Cam shaft
joint is now discussed.
Figure 7 shows the Cam / Cam shaft joint. The brass bush provides
a smooth surface on which the cam shaft rotates. In other words it
acts as a lubricant between the cam shaft and the cam. Bronze can
also be used instead of brass. The choice of these materials is based
Figure 7. Cam / Cam shaft
on the fact that they are soft metals, that is, their particles can slide
over each other producing a lubricating effect.
9.2 Assembling Sequence
The designer has tried to incorporate the ideologies advocated for
by a number of researchers, (Lucas, Boothroyd, Dewhurst, Hitachi,
1988), within the design for assembly process. Assemblebility of
the component parts was considered at every stage of the design
process which is also in line with the notion of Concurrent /
Simultaneous Engineering which many well-known designers
around the world apply in their designs.
A step-by-step sequence is now suggested for the assembly of the
component parts.
i. Secure rubber mountings on base plate
ii. Secure cam onto motor shaft
iii. Mount motor/cam sub-assembly onto base plate
iv. Insert rubber bush and metal washer onto base plate
v. Insert nut onto platform supports
vi. Fasten casing onto base plate
vii. a.
Insert platform supports in appropriate holes on
base plate
b. Insert cam shaft in appropriate hole on cam
viii. Insert rubber washer onto the lower end of the platform
supports

9.3 Resultant Machine
The machine design was completed and the machine offers the
test tube stirring capability as well as the test tile reagent-mixing
capability. The machine is a mechanical rotator using a cam to
produce a rocking motion circumscribing a circle of 20mm in
diameter with a speed controller whose range is 0 – 1500rpm and
a timer with a range of 0 – 30 minutes which governs the rotational
motion. A hardened plastic humidifying lid with a fitted dampened
piece of sponge was used to prevent drying of samples during RPR
tests with a polyurethane mat used to produce a skid-free surface
for the test tiles. A detachable test tube tray was designed which
can be slotted onto the platform thus giving the machine capability
of both test tile and test tube mixing.
10.0

DISCUSSION AND CONCLUSIONS

The Kuptec Rotator is a machine capable of shaking test tiles and
mixing samples in test tubes. It combines the capabilities and basic
functionalities of two machines into one. All of the components of
the Kuptec Rotator can be found locally in Zimbabwe, and all
processes required in the manufacture and assembly of the machine
are simple and the process technology is already in place in
Zimbabwe.
The Kuptec Rotator is a much economical option to the generation
of rotators and shakers. The projected cost of the machine is
estimated at about Z$670 000, and with a mark-up of twenty-five
(25) percent will fetch only about Z$840 000 on the market
compared to well over Z$10million for the two imported machines.
The Return on capital employed would be 0.25, indicating that it
would take four (4) years for investors to get a full return on their
capital. It is, therefore, a viable business venture to manufacture
and supply the local market as well as the regional market with
this unique product.
It is anticipated that the regional commercialisation of the Kuptec
rotator will, on the grand scale, begin a new era of technological
invention and industrialisation in the country – a sure way of
111
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addressing Zimbabwe’s balance of payments deficit and the shortage of foreign currency. Thus the objective of the project was fulfilled
in as much as the design for manufacture is concerned.
Future work would be the full manufacture and commercialisation of the machine, initially for the local market and then trying to
penetrate the regional market.
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Abstract
An intelligent decision support system (IDSS) is a computer-based
interactive tool of decision making for well-structured decision and
planning situations that uses decision-theoretical methods and expert
system techniques concomitantly; and, provides access to structured data
bases.
From the particular perspective of expert systems, an IDSS is a modelbased expert system underlying a theoretical-decision model imposing a
normative (prescriptive) structure of decision making. In the past few
years, there has been substantial attention devoted to the use of Artificial
Intelligence (AI) techniques, most commonly rule-based expert systems,
as tools for decision-making support. These systems typically use
production systems to develop a diagnosis of a disease or the
malfunctioning of an engineering system.
Central to the development of powerful computer-based decision aids is
a means of expressing information and relationships important to
describing a particular decision domain. In this context, a computing
scientific language has been developed based on first order logic for the
description of states, alternatives, beliefs, and preferences associated with
a decision domain and the decision maker. The language includes
constructs for explicitly enumerating the alternative possible outcomes
for uncertain propositions, probability distributions over these outcomes,
the choices facing the decision maker, and his preferences regarding
alternative outcomes of differing likelihoods.
For decision making a model consists of: (1) alternatives, (2) state
descriptions, (3) relationships, and (4) preferences. There can be no
decisions made without alternatives and the set of distinct resource
allocations from which the decision maker can choose.
As a conventionally convenient way for a decision model based
representation, influence diagrams are normally utilized. These diagrams,
are essentially, network depictions of decision making situations.
The elements essential for representing a decision domain are: alternatives,
state descriptions, relationships, and preferences. The correlations
between elements are expressed by the various types of influences
available in a specific decision-making language: the logic, probabilistic,
and informational influences expressed for the domain.
The various decision-making techniques described in this paper have
characteristics which distinguish them from previous approaches: (a)
probabilistic and decision-theoretical-reasoning are integrated with logical
and deterministic inferences; (b) the approaches are capable of
constructing multiple models for the same phenomena. This enables
reasoning about the performance and results of different models within
the same environment.
Key Words: decision-theoretical-methods, expert systems techniques;
engineering systems, scientific computing language, influence diagrams,
decision making situations, and deterministic inferences.

1.0

Nowhere is the need for a systematic decision framework more
pressing than in knowledge based systems. These have emerged
as a distinct topic in artificial intelligence (AI), following the
recognition that much of the knowledge required for intelligent
behaviour can be represented in an explicit symbolic form and
that explicitness can lead to greater versatility. Expert systems can
be viewed as a subclass of knowledge-based systems whose
principal function is decision support; they have been notable in
attempting to exploit the benefits of explicit knowledge
representations. Curiously, however, the decision procedures that
use this knowledge have been left largely implicit in the control
structure of most expert systems and/or in ad hoc procedural
extensions.
A consequence of this is that a technology that specializes in
decision making — and whose performance may be safety–critical
in some applications – frequently uses decision procedures that
have been developed pragmatically and may be difficult to isolate,
understand, formalize, or test independently for their use in specific
applications.
It has sometimes been said that knowledge-based systems must be
developed pragmatically and empirically, since we lack general
theories to underpin their design. So is this ad hoc character of the
decision procedure inevitable given the knowledge-based
approach?
The knowledge underlying nontrivial problem solving is highly
heterogeneous. Systems that are designed to aid problem solving
in knowledge-intensive domains must embody varied knowledge
representations and multiple problem-solving methods. In the
absence of well understood design principles, knowledge engineers
have responded with an eclectic approach, adapting a
heterogeneous range of techniques from AI and symbolic computing
to the details of their applications. Techniques have included
semantic nets, propositional and predicate logics, and other
representations for qualitative reasoning. Extensions to include
numerical simulations and other algorithms as attached procedures,
to exploit probability theory, fuzzy logic, and so on for the
management of uncertainty, have been widely adopted. This was
true of a late version of MYCIN, for example. Among the
mechanisms used in that system were inference rules, the associated
procedure for calculating certainty factors, frames for representing
application parameters, attached LISP procedures for calculating
drug dosages, and so forth. This pattern of combining many
techniques remains commonplace [1] to [7].

Introduction

Decision Making and Artificial Intelligence
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Planning and design systems need to choose among alternative
steps or components. Scientific theory formation requires choices
among competing hypotheses and experiments. In general, all
intelligent systems require a decision mechanism. In turn this must
be supported by a systematic framework for representing decisions,
for coping with uncertainty, for interacting with other agents who
may be participating in the decision, for flexible control of the
decision process, and so forth.

Decision making is a central, though surprisingly neglected, topic
in artificial intelligence. Natural language systems need to be able
to decide among alternative interpretations of utterances, such as
ambiguities of syntax or meaning, or alternative intentions of other
agents in a dialogue. Vision systems require analogous capabilities.

There are many examples of heterogeneous expert systems that
are reported to have been practically successful. Nevertheless there
is reason to be seriously concerned about the empirical and
pragmatic way in which this approach to knowledge engineering
is justified, taught, and applied. Good engineering in any field
demands a constant effort to achieve clarity, decision, reliability,
and predictability in design. Heterogeneity tends to work against
all of these goals. Although the last few years have seen significant

RESEARCH COUNCIL OF ZIMBABWE

developments in our formal understanding of many of the
computational components of expert systems, there is still much
controversy about how they can and should be combined, and
precious little theory for guidance. In consequence, we have no
accepted way of determining whether an expert system is sound or
otherwise.
The aim here is a more systematic discussion of some of knowledge
engineering methods that have been used or proposed, focusing
on the pivotal component, the decision process. In particular the
concept of a symbolic decision procedure will be discussed which
is an abstraction of general decision making principles represented
in a declarative but executable form. Decisions can be viewed as
instances of a generic object, which specify the properties of
particular kinds of decisions, when and how specific discussions
should be dynamically constructed, and how the information
required to make them can be collected and evaluated.
Before doing this, however, it is imperative that the classical
(numerical) decision procedures must be briefly reviewed - which
are well established and well understood; and, the first-generation
expert systems that have followed them [8] to [13].
2.0

Classical Decision Theory

Formal procedures for decision making have been discussed for a
very long time. Indeed the importance of being systematic in
marshalling the pros and cons of a set of choices and applying a
clear decision rule to select just one option was discussed by
Benjamin Franklin in a letter written to the scientist Joseph Priestley
in 1772. Attempts to design and implement mechanical decision
tools have had their most recent incarnation in expert systems, but
these have been topics of active research for a long time – at least
since World war II, when the need to optimize the use of resources
in the light of uncertain present and future circumstances was
paramount.

p (e j / H i ). p ( H i )
p ( H i In
/ emodern
j) =
discussed many aspects of
p (e j /researchers
H i ). p ( H i have
)
∑times,

decision making. Sophisticated mathematical techniques for
i
making rational decisions have been developed extensively in
statistics and economics. Applications to assist human decision
making have been discussed in medicine in business and politics,
and in many other areas. Human decision behaviour has been
widely studied and modelled in psychology where theoretical
interpretations have often been based on the classical analysis [14]
– [21].
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2.1

Probability

In some decision tasks, often called judgement tasks, all that is
required is to assess the relative likelihood of a number of uncertain
events occurring as a basis for taking some action. An obvious
example is medical diagnosis, where we may want to collect
information about symptoms, signs, and test results and use them
to compute the probabilities of a set of clinical conditions. This
approach is illustrated in Fig. 1, which shows a plot of the posterior
probabilities of two medical diagnoses. As more items of
information are obtained, the probabilities provide an increasingly
clear separation of the two alternatives.
The most widely known method for calculating posterior
probabilities is Baye’s rule, shown here in one common form

Here Hi is a hypothesis and ej an item of evidence. The posterior
probability of each Hi is determined by weighting the prior
probability of Hi with the conditional probability of ej being present
if Hi were true. Each revised value is normalized on the sum of the
i weighted values.
A rational decision rule is to select the hypothesis for which the
posterior probability is higher after all items of evidence have been
acquired.
Probability theory is, of course, a well-developed field. Not only
does it provide a clear and well-understood basis for decisions
under uncertainty, it also offers opportunities for development of
specialized extensions for different applications. One example
provides a basis of choosing among procedures that yield
information relevant to some decisions made [14]. For example,
we may wish to choose the most informative laboratory test to
carry out in order to make a diagnostic decision. Lindley’s method
combines Baye’s rule with information theoretic ideas and permits
computation of the expected information yield of a test over all of
the possible outcomes of the test weighted by their likelihood [22].
In the case of tests that yield a yes/no or positive/negative answer,
the expected information yield is computed by determining the
entropy before and after all information outcomes, weighted by
the likelihood of each hypothesis and each outcome x for the test.
For the simple case of two outcomes, the expected information
yield of the test is:

Perhaps the most forthright statement of what should now be
regarded as the classical theory of decision making is due to Lindley
[14].

∑ {p(Hi | x) log p( Hi | x }p( x) − ∑ p( Hi ) log p( Hi )

…. there is essentially only one way to reach a decision
sensibly. First, the uncertainties present in the situation must be
quantified in terms of values called probabilities. Second, the
various consequences of the courses of action must be similarly
described in terms of utilities. Third, that decision must be taken
which is expected – on the basis of the calculated probabilities –
to give the greatest utility. The force of ‘must’, used in three places
there, is simply that any deviation from the precepts is liable to
lead the decision maker into procedures which are demonstrably
absurd.

where x takes the values “yes” and “no” and

This is probably the clearest account of what statistical theory is
and of an influential position on what “rationality” demands. Two
basic parameters, probability and utility, are identified. From these
a range of measures for decision taking can be derived.

i

i

p( x) = ∑ p( x | Hi ) p( Hi )
i

2.2

Utility

The second fundamental concept developed in classical theory is
“utility”, a quantitative expression of the values of different events.
Utilities can be used to represent costs and benefits of alternative
actions in objective and subjective terms. In choosing among
alternative medical treatments, for example, one may wish to take
into account the financial cost of alternative treatments, any side
effects or distress they could cause, the value of decision outcomes,
and so on. The normal decision rule associated with this approach
is: Choose the action A from the set of alternatives that produces
the outcome that maximizes the subjective expected utility (SEU)
calculated by weighting the utility of each event by its probability:

SEU = p ( Ai )U ( Ai )
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There are other decision rules, however. For example, we might
choose the action that minimizes the possible cost (as when one
avoids a treatment that has a significant likelihood of killing the
patient, even though the selected treatment might have a lower
probability of affecting a cure).

a normative, prescriptive structure for decision and inference
purposes, in particular, relating to the following situations:

For decisions where it is possible to provide all the necessary
probabilities and utilities, there is a well-developed discipline, i.e.,
decision analysis for formalizing a decision process. Figure 2 shows
part of a “decision tree” that addresses the decision of whether or
not to treat a mother/infant with anticoagulants (drugs that under
some circumstances can have either life-saving or fatal
consequences). The squares represent “choice nodes” (over which
the decision maker has control), and the circles are “chance nodes”,
where the probabilities of different outcomes are known but it is
assumed that there is no control. The full tree shows all routes
through to the final possible outcomes of the initial decision,
whether or not the mother/child will survive, and the decision is
made to follow the route that maximizes the overall utility. The
total expected utility of each decision (anticoagulation/no
anticoagulation) is the sum total of the SUEs of each outcome that
it may give rise to. The SEU of each terminal outcome is the
product of the probabilities of all contingencies in the path leading
to the outcome multiplied by its utility. Figure 3 illustrates how
decision making encompasses more than the bare mechanics of
interpreting data to arrive at an assignment of probabilities or
expected utilities. It emphasizes that decision making is a complex
process, involving various steps and different types of activities.
Important steps in the decision process are not addressed by
classical procedures. The classical techniques do not say how to
define the problem to identify decision alternatives, or how to select
and control the decision strategies. Consequently, classical decision
systems depend heavily on having a (human) decision analyst to
structure and control the decision process. From an AI point of
view this is unsatisfactory, since advanced systems may need to
operate autonomously. Expert systems were AI’s first attempt to
address some of the problems of the intelligent decision support
systems that were based on classical theory. Since then, tremendous
progress has been made in this discipline of artificial intelligence.

1.2 The preferred solution is sensitive to the specific
preferences and desires of one or several decision
makers; and

3.0

Intelligent Decision Support Systems

An intelligent decision support system (IDSS) is a computer-based
interactive tool of decision making for well-structured decision
and planning situations that uses jointly decision theoretical
methods, expert system techniques, and provides access to
structured data bases [23].
From the particular view of expert systems, an IDSS is a modelbased expert system, underlying a decision-theoretical model
imposing a normative (prescriptive) structure of decision-making.
In the past few years, there has been substantial attention devoted
to the use of artificial intelligence (AI) techniques, most commonly
rule-based expert systems, as tools for decision support. These
systems typically use production rules to develop a diagnosis of a
disease or a system malfunctioning, for example.
Given the diagnosis, the system generates a recommended solution
to the problem. The solution may be a drug therapy in a medical
domain or a set of parts to be replaced in a trouble shooting
application.
Rule-based techniques have proven to be very attractive for a variety
of problems, particularly those which have fairly well-structured
(though possibly large) problem spaces, which can be solved
through the use of heuristic methods or rules of thumb, and are
currently solved by human experts. In these domains, the reasoning
and explanation capabilities offered by rule-based expert system
are very effective. A rule-based approach tends to break down
when applied to more difficult problems or problems that require
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1.1 .There is substantial uncertainty on various levels of
decision making;

1.3 Problems of rationality and behavioural coherence
are intrinsic concerns of decision systems.
In established fields such as operations research and management
science, we have been developing methods for allocating resources
under various conditions of time, uncertainity and rationality
constraints. Central to these methods is the existence of an objective
or utility function, as an indicator of the desirability of various
outcomes. This body of knowledge, especially elements related to
the normative use of individual and group decision theory would
be drawn upon, to approach difficult decision problems.
Decision making is best viewed as a process of making a series of
related, incremental observations, judgements, and decisions. In
some cases, simple deterministic relations such as those used in
many rule-based expert systems can be used for informed decision
making; while in others explicit treatment of uncertainty of
vagueness in the domain and the objectives of the decision maker
are needed. Therefore, for a simple complex decision situation it
may be desirable to combine deterministic reasoning with
uncertainty and decision theoretical calculus in the course of
exploring the decision situation, as our understanding and insight
into a problem evolves [33] – [40].
4.0

Decision Aids Based on Decision Theory

To begin with, an evaluation of recent efforts to design computer
systems for decision support based on decision theory is carried
out [24], [25].
The basic result of the axioms of decision theory is the existence
of a value function for scoring alternative sets of outcomes under
certainty and a utility function for scoring uncertain outcome
bundles. If the decision maker accepts the axioms (say, Savages
axiom, [26], [27]) in the sense that he would like his decision
making to be consistent with these axioms, then the decision maker
should choose that course of action which maximizes expected
utility. The importance of these axioms is that encoding decision
procedures based on these axioms provides a basis for
recommendation by an intelligent decision aid under uncertainty.
They provide an explicit set of norms by which the system will
behave. Other authors have argued why an individual should accept
the decision axioms for decision making. The acceptance of these
axioms is implicit in the philosophy and design of decision methods
described here.
In addition, an approach to decision making based on decision
theory has a mechanism, at least in principle, for handling
completely new decision situations. The theory ensures the
existence of a value and utility function. If the current expression
of the preferences in the system does not incorporate the attributes
of a new decision situation, the system can resort to the construction
of a higher level or more general preference structure. By following
these principles, we are able to use the richness of modern decision
theory and their axiomatic foundation [28].
Domains in which there is a well-developed empirical and
theoretical basis for development of utility functions (e.g. financial
and engineering decision making and some areas in medicine) are
most promising.
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Thus, the decision axioms, along with the fundamentals of first
order logic, provide a normative basis for reasoning about
decisions. It is in this light that both logical and probabilistic
inferences will be utilized in an intelligent decision system [41] –
[45].
5.0

Decision Model Based Representation

For decision making, a model consists of the following elements:

Ω

5.1

Alternatives,

5.2

State descriptions,

5.3

Relationships, and

5.4

Preferences.

There can be no decision without alternatives, the set of distinct
resource allocations from which the decision maker can choose.
Each alternative must be clearly defined. State descriptions are
essentially collections of concepts with which the decision is
framed. It includes the decision alternatives and the outcomes
which are related to the choices. The state description forms the
means of characterizing the choice and outcome involved in a
decision. The state description is also intertwined with expression
of relationships. Relationships are simply the mappings of belief
in some elements of the state description to others. The relations
could be represented as logical relations, if-then rules, mathematical
equations, or conditional probability distributions. The final
component of a decision model is preferences. These are the
decision maker’s rankings in terms of desirability for various
possible outcomes. They include not only his rankings in terms of
the various outcomes which may occur in a decision situation, but
also his attitude towards risky outcomes and preferences for
outcomes which may occur at various times. They also embody
information identifying those factors in a decision situation that
are of concern, whether a factor indicates a desirable or undesirable
outcome, and how to make tradeoffs among alternative collections
of outcomes.
6.0

Influence Diagrams

As a computationally convenient way for dealing with a decision
model based representation, a technique that is commonly used is
the one involving influence diagrams which are network depictions
of decision situations [29].
Until recently, their primary use has been in the professional practice
of decision analysis as a means of eliciting and communicating the
structure of decision problems. Each node in the diagram represents
a variable or decision variable; links between nodes connote some
type of ‘influence’. Decision makers and experts in a given domain
can view a graphical display of the diagram, and readily apprehend
the overall structure and nature of dependencies depicted in the
graph. Recently, there has been additional attention devoted to
influence diagrams based on their uses in providing a complete
mathematical description of a decision problem and as
representations for computation. In addition to representing the
general structure of a decision model, information characterizing
the nature and content of particular links is attached to the diagram.
[29]. The diagram then represents a precise and complete
specification of a decision maker’s preferences, probability
assessments, decision alternatives, and states of information. In
addition, the diagrammatic representations can be directly
manipulated to generate decision theoretical recommendations and
to perform probabilistic inference. The formalism of Bayer’s
Network are identical graphical constructs which express
probabilistic dependencies (no preferences or decisions) [30].
Following the notation of Shachter, the syntax and semantics of
influence diagrams, are defined as follows [25]:
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Definition: An influence diagram is an acyclic directed graph G =
(N, A) consisting of a set N of nodes and a set A of arcs. The set of
nodes N is partitioned into subsets V, C, and D. There is one value
node in V, representing the objective of the decision maker. Nodes
in C, the chance nodes, represent uncertain outcomes. Nodes in
D, the decision nodes, represent the choices or alternatives facing
the decision maker.
A simple diagram appears in Figure 4. By convention, the value
node is drawn as a diamond, chance nodes are drawn as circles,
and decision nodes are drawn as rectangles. V is the value node,
the position which embodies the objective to be maximized in
solving the decision problem. C1 and C2 represent uncertainties,
and D represents the decision. The semantics of arcs in the graph
depend on the type of the destination node. Arcs into value or
chance nodes denote probabilistic dependence. These arcs will be
referred to as probabilistic links. Arcs terminating in decisions
indicate the state of information at the time a decision is made.
Thus, C1 is an uncertainty which is probabilistically influenced
(conditioned) by C2 and the decision. The ultimate outcome V,
depends on the decision D and C2.
Definition: Each node’s label is a restricted proposition, a
proposition of the form (p t1t2 ….tn) where each ti is either an object
constant or alternative set. We now define a set (i) and a mapping
ïi for each node.
Definition: The set (i) is the outcome set for the proposition
represented by node i. It is a set of mutually exclusive and
collectively exhaustive outcomes for the proposition.
Definition: The predecessors of a node i are the set of nodes j
with arcs from j to i.
Definition: The successors of a node i are the set of nodes j such
that there is an arc from i and j.
The mapping ïi depends on node type. The domain of each mapping
is the cross-product of the outcome sets of the predecessors of
node i. Let the cross product of predecessors of i be CP(i) where
CP(i) = {(i) x(i2)… x (in)/nodes i1, ….., in predecessors
of node i}
The range of each mapping ïi depends on the type of node i. Each
is discussed in turn.
The Value Node: The value node expresses the decision maker’s
relative valuation of different possible combinations of outcomes
for its predecessors. Since we require a cardinal measure for
expected value calculations, the outcome set of value nodes has
some restrictions. In terms of the previous definition of the
outcomes set, the set (i) for the value node is:

Thus, there is only restricted variable, x1, and its values, the x1ks,
are real values. We can therefore associate with each member of
(i) exactly one real number. The value function ïi for a value node
is defined as follows:
ïi : CP(i) alternative set of x1{X11, X12…, X1k}
This function maps each combination of outcomes for the
predecessors into a single real number. This will be used to express
the expected value or the expected utility as a function of the
outcomes of the predecessor nodes.
Chance Nodes: Chance nodes represent uncertain propositions
that are not directly controlled by the decision maker. The members
of (i) are the possible outcomes for the proposition. There are two
types of chance nodes. A stochastic chance node admits uncertainty
regarding the outcome of the proposition given the values of its
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predecessors. In this case, the mapping ïi is a conditional probability
density function:
ði : CP (i)x (i)

[0,1]
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operations, they will be treated as individual nodes. More detailed
descriptions of these operations appear in [25], [31].
Removal of a Stochastic Chance Mode, i, which is predecessor of
a value node, , is performed by taking conditional expectation.

in probabilistic terms ïi (wi)|wi1, wi2, …..win). If node i has no
predecessors, the ïi (wi) is a prior (unconditional) probability
distribution.
The other type of chance node is a deterministic chance node. The
outcome of a deterministic chance node is a deterministic function
of the outcomes of its predecessors. in this case, the mapping ïi is
defined as follows:

becomes

Decision Nodes: Decision nodes represent propositions which
are under the direct control of the decision maker. The members
of (i) are the alternative outcomes from which the decision maker
can choose. At the time the decision is made, the decision maker
knows the outcomes of the predecessors of i. The mapping ïi
therefore expresses the optimal decision choice as a function of
what is known at the time the decision is made.

The mapping is calculated in the course of manipulating an
influence diagram and the associated maximization of expected
value. Though the construct is similar to that of the mapping for a
deterministic chance node, it differs in that it is the result of an
optimization. For this reason we define a special construct.

p3

p2

p1
Thus, given the values of its predecessors, there is no uncertainty
regarding the outcome of the proposition. If node i has no
predecessors, then ïi ( ) is constant.

v

v

i

p1

p3

p2

The new expected value function for is calculated as follows:

The value nodes’ new predecessors are p1, p2, and p3.
Removal of a stochastic chance node, i, which is a predecessor to
another chance node, j, is also performed by taking conditional
expectation.

j

j

i

becomes
p3

p2

p1

p3

p2

p1

Definition: A decision function ðd,i is a function
determined as the result of an optimization.

The new distribution for successor node j is calculated as:

Transformation:
An influence diagram is said to be a decision network if (1) it has
at least one node, and (2) if there is a directed path which contains
all the decision nodes [31], [29]. The second condition implies
that there is a time ordering to the decisions, consistent with the
use of an influence diagram to represent the decision problem for
an individual. Furthermore, arcs may be added to the diagram so
that the choices made for any decision are known at the time any
subsequent decision is made. These are ‘no-forgetting’ arcs, in
that they imply the decision maker (1) remembers all his previous
selections for decisions, and (2) has not forgotten anything that
was known at the time of a previous decision.
The language of influence diagram is a clear and computable
representation for a wide range of complex and uncertain decision
situations. The structure of dependencies (and lack thereof) is
explicit in the linkages of the graph, as are the states of information
available at each state in a sequence of decisions. The power of
the representation lies, in large part, in the ability to manipulate
the diagram to either (1) express an alternative expansion of a joint
probability distribution underlying a particular model, or (2) to
generate decision recommendations. The basic transformation of
the diagram required to perform these operations are node removal
and arc reversal. These operations will be illustrated and defined
with respect to a generic set of node labels: i and j are chance
nodes, is the value node. The labels p1 and p2, and p3 will in
general represent groups of predecessors of i, j, or as indicated
by the figures. In the interest of simplifying the description of the
118

The new predecessors of j are the predecessors of j other tan i,
that is, p1, p2, p3.

Removal of a decision node, i, predecessor to the value node õ is
performed by maximizing expected utility. The decision node can
only be removed when all of its predecessors are also predecessors
of the value node; that is, the choice is based on the expectation of
the value, given what is known.
j

i

i

j

becomes
p1

p2

p3

p1

p2

p3

After removal the new expected value function for is:
The new predecessors of are the predecessors of i which are also
predecessors of , p2 as illustrated here. Note that there may be
some informational predecessors of i, for example p1 which are
not predecessors before the removal. The values of these variables
are irrelevant to the decision, since the expectation for the value is
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independent of their values. The optimal policy for the decision i
is:

This is the calculated for decision nodes. We will refer to this
calculated mapping as the decision function for i, d,i (wp2).
Reversal of a Probabilistic Link between chance nodes is an
application of Bayes’ Rule. Reversing a link from node i to node
j can be performed so long as there is no other path from i to j (this
is necessary to prevent the reversal from creating a cycle).

becomes

p1

p2

7.4.

END

At the conclusion of the EXPECTED VALUE procedure, the value
node has no predecessors, and its single value is the expected value
of the value node. Optimal decision functions are generated in the
course of removing the decision nodes.

v

i

Remove the decision node into the value node
ELSE
7.3.4
BEGIN
7.3.4.1
Find a stochastic X to the value node that has no
decision successors.
7.3.4.2
For each successor Sx of X such that there is no
directed path from X to Sx
Reverse Arch from X to Sx
7.3.4.3
Remove stochastic predecessor X

p2

v
The algorithm for the solution of a probability description (or
lottery) for a node is as follows:

In reversing, the new conditional probability descriptions for i and
j are calculated as:

The operations of reversal and removal allow a well formed
influence diagram to be transformed into another ‘equivalent’
diagram. The original and the transformed diagrams are equivalent
in two senses. First, the underlying joint probability distribution
and state of information associated with each is identical, since the
diagram expresses alternative ways of expanding a joint distribution
into a set of conditional and prior distributions [29]. Secondly, the
expectation for the value in the diagram
and the sequence of recommended actions from decision node
removal are invariant over these transformations [25], [24]. In the
next section, we focus on applying a sequence of these
manipulations to obtain these recommendations [46]-[50].
7.0

8.0
Procedure PROBABILITY DISTRIBUTION
(diagram)
8.1
8.2

Verify that the diagram has no cycles.
If then value node is deterministic, THEN
Convert to a probabilistic chance node with unit
probability on deterministic values.

1.3

WHILE the value node has predecessors
1.3.1
If there exists a deterministic chance node
predecessor whose only successor is the
value node, THEN
Remove the deterministic chance node into
the value node
ELSE
1.3.2

IF there exists a stochastic chance node
predecessor whose only successor is the
value node, THEN
Remove the stochastic chance node into the
value node
ELSE

Solution Procedures:

On the basis of these manipulations, there exist algorithms to
evaluate any well-formed influence diagram [25]. For purposes
of probabilistic inference, we need two separate algorithms. In
one version, which applies to well-formed diagrams, evaluation
consists of reducing the diagram to a single value node with no
predecessors, the value of which is the expected value of the
decision problem assuming the optimal policy is followed. In the
course of removing decisions, the optimal policy, that is, the set of
decision functions ðd,i associated with each decision is generated.
In the other algorithm, the objective is to determine the probability
distribution for a variable, as opposed to its expected value. Both
versions of the algorithm are described below:

7.3.3 IF there exists a decision node predecessor and all the
predecessors of the value node are predecessors of the
decision node, THEN

IF there exists decision node predecessor
and all the predecessors of the value node
are predecessors of the decision node,
THEN
Remove the decision node from the list of
predecessors
ELSE

1.3.4

BEGIN

1.3.4.1

Find a stochastic predecessor X to the
value node that has no decision
successors.
1.3.4.2
For each successor Sx of X such that
there is no directed path from X to Sx
Reverse Arc from X to Sx

Procedure EXPECTED VALUE (Diagram)
7.1 Verify that the diagram has no cycles.
7.2 Add ‘no-forgetting’ arcs between decision nodes as
necessary.
7.3 WHILE the value node has predecessors
7.3.1 IF there exists a deterministic chance node predecessor
whose only successor is the value node, THEN Remove
the deterministic chance node into the value node
ELSE
7.3.2 IF there exists a stochastic chance node predecessor
whose only successor is the value node, THEN Remove
the stochastic chance node into the value node.
ELSE

1.3.3

1.3.4.3
1.4

Remove stochastic predecessor X

END

The termination of this procedure is a probabilistic chance node
with probabilities over the alternative possible outcomes of the
original value node. Note that if decision predecessors are
encountered in the algorithm, the distribution will be conditioned
on the possible choice of the decision variables. The procedure
does not remove decision nodes or generate decision functions.
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9.0
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Decision Language

Recall the elements that are necessary to represent a decision domain
– alternatives, state descriptions, relationships, and preferences.
We will summarize by indicating how each element of a decision
description can be expressed with respect to the constructs generated
above.
First, recall that proposition from the basic unit of representation
for a decision domain. There are three levels of knowledge
regarding a proposition expressible in the language. First, it is
possible to express a fact for a proposition, that is, a set of values
for the variable (as in a fact substitution) in the proposition that are
asserted to be true with certainty. Second, the values of the variables
in a proposition may be restricted to some set. Thus, the outcomes
for that proposition are restricted to a collectively exhaustive,
mutually exclusive set, termed the alternative outcomes. Finally, a
probability distribution can be used to associate each possible
outcome with a probability. We have also shown how probability
distributions and outcome sets are expressed for conjunctions of
propositions.
Alternatives, the decision maker’s opinions, are expressed in the
set of outcomes for a proportion which is the consequent of an
informational influence. The fact that a proposition has alternative
outcomes and is the consequent of an informational influence
defines it as a decision proposition. State descriptions consist of
the set of facts and probabilities expressed, within or deducible
from a domain description. Relationships between states are
expressed by the various types of influences available in the
language; the logic, probabilistic, and informational influences
expressed for the domain. Preferences are handled by identification
of a particular proposition whose outcome incorporates decision
makers’ objectives. A real valued variable in the proposition is
identified as the objective – i.e., the value to be maximized or
minimized. A logical influence is defined which is capable of
computing this value as a function of other propositions in the
domains [51]-[57].
10.0
Example: A Decision Process
This section presents a simple example, using the decision language
to describe a specific sub problem in a decision domain. Consider
a security trader dealing in a single instrument, perhaps a particular
Treasury security issue or foreign currency. The dealer’s task is to
trade continually in the instrument in order to make a profit. The
traders’ decisions are what quantity of the security to buy or sell at
each instant of the trading day. The fundamental strategy is to ‘buy
low, sell high’, which is considerably easier to write down than to
execute. The dealer’s primary uncertainty is that the price of the
security will be in the future. Changes in the price are dynamic
and dependent on the price in previous periods as well as some
other economic conditions or market factors. The trader wishes to
maximize his expected profit at some terminal time [32].
The following basic decision alternatives represent the trader’s
decision to buy, sell, or do nothing (hold) in each trading period.
The set of propositions for this situation is shown below along
with an interpretation for each. Alternative values for restricted
variables are shown in brackets { }. These propositions constitute
the means of expressing state descriptions for this domain:
(PROFIT time)
Trader’s net profit. This is the cumulative total of all the trader’s
gains and losses in terms of profits since trading was initiated.
(POSITION value time)
Trader’s net holding of the security. This is the cumulative total of
all the trader’s sales and purchases in terms of units of the security.
(TRADE {BUY SELL HOLD} time)
(PRICE {90 91 92}time)
120

Range of security prices. This is a restriction on the assumed range
of prices that the instrument can adopt.
(FUTURE-EXPIRE time)
Futures contract expiration. Futures are contracts for the delivery
of a given security at a future date. Standard security future
contracts expire on a predetermined date (e.g., the 3rd Friday in
March, June, September etc.) This proposition is true if ‘time’
occurs on a data when futures contracts mature.
(FUTURES-VOLUME{HEAVY MODERATE} time)
Indicator of activity level for futures markets. The level of activity
in future affects the levels of activities and prices in the ‘cash’
market (i.e. for current delivery) that is considered in this example.
(GURU{BULLISH BERISH}time)
Forecast by a market prognosticator or analyst. This represents
the information of some outside expert. The ‘guru’ is ‘bullish’ if
he believes prices are likely to rise, and ‘bearish’ if prices are
thought to fall.
We now describe the set of relationships which characterizes this
domain.
The trader’s profit and position are simply accounting relations,
expressed as deterministic influences. We assume an initial position
of zero units of the security, an initial profit of zero dollars, and
single trade quantity of 100 units. The acts (PROFIT 0.0 0) Å and
(POSITION 0.0 0) Å indicate the trader starts with no holdings
and no profit.
The net position of the trader is the difference between total sales
and total purchases by the trader and depends on the trade made in
the current period and net holdings in the previous period.
(POSITION new-position time) Å (-time ! last-time)^
(POSITION old-position last-time)^
(TRADE BUY time)^
(+ old-position 100 new positions)
(POSITION new-position time) Å (- time 1 last time)^
(POSITION old-position last-time)^
(TRADE-SELL time)^
(-old-position 100 new position)
(POSITION old-position time) Å (-time 1 last-time)^
(POSITION old-position last-time)^
(TRADE HOLD time)
The profit level at any time is composed of the profit the trader has
accumulated so far, plus an adjustment for the amount of the security
the trader is holding (net position). If we identify maximizing profit
as the objective of the trader, then his preferences among various
outcomes (for PRICE, PROFIT, and POSITION) in terms of other
propositions re expressed by the logic influence:
(PROFIT new-profit time) Å (-time 1 last time)^
(PROFIT old-profit last-time)^
(PRICE old-price last-time)^
(PRICE time)^
(POSITION old-position lasttime)^
(price old-price change-inprice)^
(-old-position change-in-price
change in value)^
(+ old-profit change-in-value
new profit)
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The PRICE proposition is the uncertain proposition in this example.
The conditional probability distribution for PRICE is expressed
by a series of probabilistic influences.
A simple influence is:
(PRICE new-price time)|p (-time 1 last time)^
(PRICE old-price last-time)
=

(w(PRICE new-price)|time w(PRICE old-price
p
last time)

This influence expresses a simple stochastic update of price given
the previous periods price. If future contracts for the security expire
in a particular period, then the price is independent of the old price
and is expressed by a different distribution:
(PRICE new-price time)|p(FUTURE-EXPIRE time)^
FUTURE-ACTIVITY level time)
=

(w(PRICE new-price time)w(FUTUREp
ACTIVITY level time)

Note that since (FUTURES-EXPIRE time) is not restricted, the
conditional probability distribution p will not have separate entries
for alternative outcomes of (FUTURES-EXPIRE time), therefore
the distribution can be written solely in terms of the alternative
outcomes for FUTURE-ACTIVITY level time). The term
(FUTURES-EXPIRE time) is a condition that must be true for the
conditional probability distribution p( ) to be applicable. Note
that the representation allows the expression of several conditional
distributions simultaneously, and allows for the expression of
conditions regarding which of the alternatives is appropriate by
interweaving of deterministic information (e.g., FUTUREEXPIRE) and uncertain outcomes (e.g. PRICE).
The trader also has information available from the market analyst
(the ‘GURU’) regarding his view of the market is being bullish or
bearish. The guru therefore provides the trader with an indicator
of overall market trends. The trader’s opinion of this expert is
expressed in the following influence.
(GURU assessment time)|p(+ time 1 next time)^
(PRICE time)^
(PRICE next-price next time)
=
(w(GURU assessment time)|w(PRICE time)^(PRICE
p
next-price next-time)
This influence expresses the trader’s probability distribution with
respect to the guru’s forecast for each possible set of prices for the
current and subsequent period (i.e., the alternative outcomes of
(PRICE time)^ (PRICE next-price next-time))
The final component indicates the decision in this domain and the
information available. The influence states that at time 2 the trader
knows the price and guru assessment.
(TRADE action 2)|, (GURU assessment 2)^(PRICE 2)
For all periods, the trader knows the price when making a trade.
(TRADE action time)|, PRICE time)
These other facts and priors define the state of the knowledge
base at a given time. For example:
(PRICE 0)|p p(w(PRICE 0)
(FUTURE-ACTIVITY level time|p p(w((FUTURE-ACTIVITY
level time))
(FUTURE-EXPIRE 2 )Å
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The first two statements express prior probability distribution for
prices at time zero, and future activity for any period
respectively. The last is a fact expressing that futures expire in
period 2.
11.0

Summary and Conclusions

We assert that the decision making process consists of a series of
related activities and assessments with different types of reasoning.
The representations and inference methods are designed to provide
an integral set of methods for assisting decision makers in these
activities and improving performance.
The techniques are grounded on the premise that for effective
intelligent decision support, the representation of a decision
situation in a computer must reflect the alternatives, beliefs, and
preferences of the user of the system. Therefore, the approach
developed here focuses on: (1) the development of representations
and techniques which construct a probabilistic or decision-theoretic
model for a particular user, query, and state-of-information; and,
(2) support the exploration of alternative representations and
models for various phenomena by the user.
Central to the development of powerful computer based decision
aids is a means of expressing information and relationships
important to describing a particular decision domain. We developed
a language based on first order logic for the description of states,
alternatives, beliefs, and preferences associated with a decision
domain and decision maker. The language includes constructs for
explicitly enumerating the alternative possible outcomes for
uncertain propositions, probability distribution over these
outcomes, the choices facing the decision maker, and his
preferences regarding alternative outcomes of differing likelihood.
The concept of a logic rule has been generalized to provide for the
expression of conditional probabilities (i.e., the probability of a
proposition over its alternative outcomes, given some conjunctions
of propositions is true) and of information availability at the time
of decision.
Various deductive inference techniques for reasoning using the first
order domain representation are described. The methods are
grounded on the dynamic construction of a probabilistic or decisiontheoretic model in response to a query and decision domain
description in the representation language.
These techniques have the following characteristics which
distinguish them from previous approaches:
-

Probabilistic and decision theoretic reasoning are
integrated with logical, deterministic inferences.

-

The techniques do not impose assumptions of
conditional independence on the probabilistic
representation.

-

The control structure in the inference methods serves
to minimize the size of a probabilistic representation.

-

The approach is capable of constructing multiple
models for the same phenomena. This enables
reasoning about the performance and results of
different models within the same environment.

Additional research areas relate to improving the performance and
efficiency of the techniques as implemented. The current system
relies on influence diagrams as a formalism for representing
decision problems, and the algorithm developed by Shachter to
solve for the optimal sequence of decisions [25].
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Figure 2: Part of the decision tree
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RELATIONAL KNOWLEDGE BASED DATABASE MANAGEMENT SYSTEM
K. Charandura and G.T Hapanyengwi, Computer Science Department, University of Zimbabwe.

Abstract
I n this paper we propose a model in which we integrate relational
databases (RDBMS) and case based reasoning (CBR). A case (a past
problem) was represented by a database record and thus each database
table was viewed as a case base. The model employed nearest neighbour
algorithms to retrieve the most similar case for a given problem. This
model had advantages of both databases and case based reasoning. In
addition, and as opposed to database, the model can deal effectively with
fuzziness, which is often present in data, problems, and user queries. The
RDBMS retrieval methods are crisp or Boolean such that user queries
that are incomplete or contain missing information (e.g. when a certain
attribute has a missing value) or are imprecisely stated (e.g. finding a
train that departs say at around two in the afternoon in an airline
reservation application) cannot be processed effectively. This was solved
in the model by incorporating nearest neighbour and or similaritymeasuring algorithms in the retrieval system. Some real world applications
need both capabilities of expert systems (for instance reasoning, analysis,
judgment, experience) and those of databases (like their efficient data
storage and data processing abilities) which our model offered. The
structure of an RKBDMS record (case) offers both referential and
inferential adequacy such that new facts could easily be inferred and data
stored efficiently: the former making data mining easier than in ordinary
databases and the later allowing us to incorporate some expertise within
the database itself since cases represent past episodes/problems in a
particular domain that we could then apply in solving new problems.
Basically case based reasoning made the model more superior than
RDBMS since it combines problem solving and learning, thus improving
the data processing capabilities of databases; the model would be able to
deal with both exact (where it used its incorporated database data
processing capabilities) and inexact data (were it employed the CBRexpert system capabilities). A financial ratio analysis system was
implemented after observing that financial ratio analysis is a judgmental
process that cannot be expressed in precise terms and that needs some
expertise and experience of an expert. The database in this model offered
an efficient method of storing past cases of analysis of particular ratios
(i.e. the experience) and the case based reasoning provided the judgmental
process needed in carrying out ratio analysis. This model could be used
in other areas of finance for example: financial planning, loan evaluation,
stock market prediction, insurance risk analysis. The model can also be
used in applications like diagnosis, education e.g. intelligent e-learning,
prediction e.g. weather prediction; law e.g. fraud detection, legal analysis;
in data mining etc. The model presented a system that had an order of
complexity of O(nm).

1. Overview: incompleteness of RDBMS/ES
Relational databases [1] can efficiently store and process data, they
however cannot effectively reason with this data or infer new facts.
They cannot deal with uncertainty/fuzziness often present in user
queries. For instance consider someone who wants to find the
train that left at around 2 pm. Conventional retrieval methods
used in databases like SQL queries can not be used since they use
exact matching [1] when retrieving information-the ambiguous
word around needs inexact reasoning. This means for applications
that needs some reasoning, imprecision, approximations or that
might contain uncertain/missing data relational databases might
be found wanting. Expert systems on the other hand can deal with
these shortcomings of databases but on their own they lack most
of the database capabilities. They can deal uncertainty/fuzziness
using Fuzzy logic, Bayesian networks and statistical reasoning [2],
and using heuristics their performance improves with time [3].

1.1 RKBDBMS: complete RDBMS/ES
In this paper a new technology was proposed: the RKBDBMS,
which basically is an integration of ordinary relational databases
and expert systems in the form of case based reasoning. Thus the
proposed RKBDBMS was viewed as a relational database
management system with an added tool-the case based reasoner.
The model inherits all the properties of an ordinary RDBMS and
has its own unique added properties.
Basically case based reasoning (CBR) has a number of capabilities,
most of which are present in expert systems. CBR is a methodology
that combines problem solving and learning, [4]. It can be used by
or implemented (or integrated) by any technology as long as that
technology can satisfy its guiding principles (since it’s a
methodology). The guiding principles of CBR are the retrievereuse-revise-and-retain steps of its cycle. In this paper it was shown
that the database technology can indeed implement this
methodology. In simple terms case based reasoning is reasoning
by examples, [5]. When a new problem is encountered it is
compared by a collection of past-solved problems (often called
cases). The most similar case is retrieved and its solution adapted
and used in solving the new problem. The new problem is then
stored in the case base for future use (in solving other problems).
This is a form of analogy learning.
1.2 Existing techniques
Currently expert systems exist separately from databases though
they often use data stored in databases. Databases mostly store the
data as raw facts that will then be applied on rules defined in the
expert systems. The model in this paper attempts to integrate the
two, and come up with a single product that has both properties of
databases and expert systems. Essentially the new database model
is basically a database with additional modules that can deal with
fuzziness, and can store cases as simple table records.
1.3 RKBDBMS structure
Basically the model is made up of the two main components:
1. The relational databases and
2. The case based reasoning module
And these components can be split further into:
1. Data storage component
2. Knowledge base
3. Data processing and retrieval
4. User interface
5. Inference engine
The first four components are provided by the database. The
knowledge base in this case is the case base, which is a collection
of past cases.
A database table will represent a case base and its record/tuple
will be used to represent each case.
The inference engine implements the retrieve, reuse, revise and
retain steps of the CBR process. It should be noted, however, that
the data processing component can also be combined with the
inference engine where both share the same retrieval process (SQL
statements) but with the later using a modified version of SQL
queries (Fuzzy SQL statements) described later on.
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1.4
Setting up the model
To effectively solve the challenges offered by integrating the
database technology and CBR methodology a mathematical view
(or model) on CBR was taken, noting that relational database are
modelled using a relational (mathematical) model [6]
Definition: A case is a function that maps a set of problem attributes
to a set of solution attributes. A case is represented by a tuple in a
table.
Definition: A case base is a set of cases represented by a database
table.
Definition: Relationships between cases were modelled by the
relationships in an Entity Relationship Diagram (ERD).
1.5
Case indexing
The model used the MAC/FAC approach or 2-Phase retrieval [7]
indexing mechanism. A quick general search was done first followed
by a more specific search that employed similarity measures.
Ordinary SQL statements were used to do a general search, then
nearest neighbour algorithms for similarity case retrieval.
2.0 Case retrieval
2.1
Overview
The model uses a number of case retrieval algorithms all based on
the nearest neighbour algorithm.
2.2

Definitions:

Nearest neighbour algorithm [8] For a new problem C the nearest
neighbour in the case base is the case (D,L) for which problem D
has the greatest similarity to C. Its solution L is intended to be
most useful and is then the best solution the case base can offer (or
best available product).
Local similarity [9] is measure similarity on a feature (attribute)
level.
Global similarity [9] -measure similarity on a case or object level
– summation of local similarities between case features multiplied
by a weighting value:
n
Sim(A, B)= Σ wisimi(ai,bi)
i=1
Where simi(ai,bi) is the local similarity between features ai,bi and
wi is the weighting.
2.3

Invoking UDFs from SQL statements

Relational databases SQL queries can invoke UDFs (User Defined
Functions), [9]

SELECT * FROM case_table
ORDER BY sim(x, y, z)
Where x, y and z are the attributes of the cases in the case base
case_table. The function sim() is user-defined and is being invoked
from the SQL statement (Relational database queries can invoke
UDFs)
2.4

Defining the UDF sim()

The user-defined function (UDF) sim() computes the global
(overall) similarity between the new problem and retrieved case
by summing the local similarities that are computed by two
functions SimN() and SimT().A basic algorithm is given in Figure
1 and 2.
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Input:
Problem P=(a, b, c)
Case C=(x, y, z)
Attribute[1…N]-array of attributes of a specific case
Output: Similarity measure-sim()
Defined: Function SimN() to measure similarity between
numeric attributes and SimT() to measure similarity between
string (symbolic) attributes.
Algorithm:
Similarity:=0
For I= 0 to N do
If isNumeric(Case.Attribute[I]) then
Similarity := similarity+Attribute[I].weighting *
SimN(Case.Attibute[I], Problem.Attribute[I])
Else Similarity:= similarity+Attribute[I].weighting *
SimT(Case.Attibute[I], Problem.Attribute[I])
Return Similarity
Figure 1: Algorithm for UDF sim().
Input: Problem P=(a, b, c) and Case C=(x, y, z)
Known: attributes data type
Weights of attributes: w1, w2, and w3.
Defined: SimN() and SimT() as described above
Algorithm:
If a=0 then
Return 0
Else
Return (w1*SimN(a, x)+ w2*SimT(b, y)+w3*SimN(c, z))
Figure 2: Simpler algorithm for UDF sim()
3.0

SQL approximation to similarity measures

Here SQL statements were also used. SQL statements can be
modified to enable fuzzy retrieval of information, [7]. The whole
case base was viewed as a set of points in space. The most similar
case was then defined as the nearest neighbour to a new point
(that is the new problem). This nearest neighbour was identified
by drawing a dynamic rectangle, around the set of points, which
can be increased in size to surround more points thus retrieve
more case and reduced in size to enclose fewer points and thus
retrieve fewer cases. Points inside the rectangle represented the
cases most similar to the new problem (the boundary of our
rectangle was defined by the attributes of our new problem). This
algorithm though efficient only worked for cases with numeric
attributes, see figure 3
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Select * from case-base
Where case.attributes >(problem.attributes-max)
And case.attributes<(problem.attributes+max)

left and right, and from right to left respectively, comparing
corresponding characters of the strings. This is summarized in figure
4.

Input: SQL statement (above): sql,
Variables: record count: rcount,
Rectangle boundaries: min, and max
N: maximum number of cases to be retrieved
Output: a maximum of N similar cases: rcases
Predefined: function run(): executes a query
RecordCount():counts number of retrieved cases
Algorithm:

Input: Strings: a and b
Functions: Left(), Mid(), and Right()-basically for loops
traversing the strings from left to right, mid to left and right, and
from right to left respectively, comparing corresponding
characters of the strings,
Variables: Integers: count, i
Output: similarity: simT
Algorithm:

max = 2
//initializing variables to relax and narrow query
//variable used to relax the SQL Query
rcount = 100 //initializing
N = 2 //initialization
While rcount > N //intend to retrieve at most N cases
Run(sql)
rcount = RecordCount(rcases)
//the number of cases
retrieved
If rcount = 0 Then
max = max + 1
//relax the rectangle to retrieve more
cases

Int simT(string a ,string b)
count = 0
For i = 1 To max(length(a),length(b))
If Left(a, i) = Left(b, i) Or Right(a, i) = Right(b, i) Then
count = count + 1
End If
Next
For i = 1 To max(length(a),length(b))/2
If Mid(a, i) = Mid(b, i) Then
//from the center to the right
count = count + 1
End If
Next
For i = max(length(a),length(b))/2 To 1
If Mid(a, -i) = Mid(b, -i) Then //from the center to the left
count = count + 1
End If
Next
simT = count
return simT
End Function

rcount = 100
Else
max = max - 1
cases
min = min - 1
End If
End While

//narrow the rectangle to retrieve fewer

Return rcases
Figure 3:SQL approximation to similarity measures algorithm
Time complexity: . The unpredictable relaxing and narrowing of
the query heavily depends on the attribute values of the cases in
the case base and their similarity to the problem attributes. A close
study of our algorithm shows that as the maximum number of
required cases, N, increases the possible number of relaxations on
the query will increase-since in our algorithm we start with a small
rectangle (meaning initially we retrieve a few cases). Thus the time
complexity will be dependent of N. It is difficult to define a “single”
time complexity function since this is not a step by step “straight”
algorithm-but a heuristic, hence:
·
Maximum time complexity:
·
Minimum time complexity:
But will the algorithm terminate? Yes, as soon as the number of
retrieved cases becomes less than the maximum number of required
similar cases (in this case N) then we will exist the while loop.
3.1
Similarity between string
There are two types of string similarity measures: the longest
common substring and the edit distance, [10]:
1. Edit distance-The edit distance between two strings A and
B, i.e. edit(A, B) is the minimum number insertion,
deletion and substitution that will change A to B. For
example edit(“Kudas”, “Kude”) = 2. It is complex.
2. Longest common substring between two strings is the
longest contiguous chain of characters that exists in both
strings. The longer the substring, the better the match
between the two strings.
The proposed algorithm used a form of the longest common substring. Three functions Left(), Mid(), and Right() were used to subdivide the strings into smaller corresponding “sub-strings”, whose
similarities was then measured and summed. These functions were
basically (for) loops traversing the strings from left to right, mid to

Figure 4 Algorithm for measuring similarity between strings.
Basic operations:
• First loop- the comparison: If Left(a, i) = Left(b, i) Or
Right(a, i) = Right(b, i) Then
• Second loop-If Mid(a, i) = Mid(b, i) Then
• Third loop- If Mid(a, -i) = Mid(b, -i) Then
Time complexity:
• For each loop-T(n)=n, number of times we pass through
the for loops,
• Overall-T(n)=2n, n for the first loop, and n/2 for the other
loops (adding to n).
There is also time complexities for executing the functions left(),
right() and mid() to be considered.
3.2 Case adaptation
A simple parameter adjustment algorithm was designed that can
be used in adapting the solution of the retrieved most similar case
to solve the new problem, similar to the one used in [11], which
recommends a shorter sentence for a criminal where the crime was
less violent

Simple parameter adjustment algorithm
We designed the following algorithm for case adaptation Figure 5.
This algorithm is an example of structural case adaptation algorithm
defined in [11].
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Input:
Case solution: S, similarity: sim
Attribute[1…N]-array of attributes of a specific case
Defined: function f()Output: problem solution P
Algorithm:
For I=1 to N
P.attribute[I]=S.attribute+f(sim)
Next
Return P
Figure 5 Simple parameter adjustment algorithm.
Basic operation: P.attribute[I]=S.attribute+f(sim)
Time complexity: T(n)=n, where n is the number of times we pass
through the for loop.
3.3 Case acquisition
Case acquisition describes how cases in the case base were
originally acquired and how they will be acquired. [12]
A few cases will be entered into the database via databases forms.
New cases will be learned (analogue learning) during case based
reasoning process-that is we will successfully retrieve a similar
case using the algorithms we defined above, adapt the solution of
that case to suit the new problem then store the solved problem in
the database.
3.4 Case forgetting-memory issues
As time progresses the case base grows and grows in size as new
problems are solved and learned; soon the memory available will
be used up. A way of controlling the learning process (growth of
the case base), which was termed “case forgetting” was designed.
The following methods of case forgetting were used:
• Least-used-forget cases that are least used, just like human
beings,
• LIFO-forget cases that are last learned/added into the case
base
• Or just put restrictions on the learning process-that allow
cases to be learned only when the case base has not reached
a particular size.
Effectively, only important cases are retained/cached in the case
base.
Case forgetting (Least Used Case) algorithm
Input: Array of cases in case base: Case[1…N]
N-size of case base,
Max: allowable maximum size of the case base
Variables:
I: integer
Functions: Delete(): delete a case from case base
Output: new case base cases[1…N]
Algorithm
While N>Max do
CaseToDelete=case[I]
For I=1 to N do
If case[I].count<CaseToDelete.count then
CaseToDelete=case[I]
Next
Delete(CaseToDelete)
N=N-1
End While
Return case[1…N]
Figure 6 Case forgetting greedy algorithm
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Time complexity: T(n)<S*n, where n is the initial size of the case
base and S is the maximum allowable size of the case base. Note
(T(n)) is less than (S*n) because n decreases each time we pass
through the while loop when a case is deleted.
Divided and conquer techniques/algorithms like merge sort can be
used to sort cases in their order of use (or of being retrieved)which can be done using the count field that reflects the number of
times a case was used. This will improve the time complexity to
log(n) times.
4.0 Characteristics of RKBDBMS
The RKBDMS will have characteristics of databases and expert
systems introduced by case based reasoning:
• All characteristics of databases are retained efficient data
storage, security, concurrency control mechanisms, data
recovery techniques, data integrity constraints, etc, [13]
• All characteristics of case based reasoning are
incorporated in them, e.g. integrating problem solving
and learning and thus improve performance, [14]
• Possesses expert knowledge-the cases represented in the
RKBDMS will store past experiences of an expert in a
given domain. In our later implementation of financial
analysis the experiences of a financial analyst will be
encoded in the cases, for example, that the current ratio
should be approximately 2:1,
• Reasons heuristically-the case based reasoning module
embedded in the database will introduce imprecise
reasoning in databases. The similarity measures done in
case based reasoning is heuristic in nature,
• Permits inexact reasoning-ordinary databases have
problems with incompletely specified data-their queries
are crisp; similarity measures will be introduced in
database retrieval methods, thus RKBDMS will be able
to deal with fuzzy/inexact data.
• Separates knowledge from control-introduction of new
cases in the case base will not affect the inference (case
based reasoning) module.
4.1 Advantages of RKBDBMS
It will have advantages of databases and case based reasoning
combined:
• Data integrity
• Efficient data processing
• Efficient data storage
• Data standardization
• Data recovery capabilities
• Scalability
• Data security
• Structured so easy maintenance
• Reasoning
• Fuzziness-effective dealing with inexact data-crispness
is maintained, however
• Easy development of expert systems
• Incorporates learning capabilities-thus improved
performance with time
• Good user interface
4.2 Disadvantages of RKBDBMS
• Fuzzy queries are slow
• Similarity measurement slows down retrieval methods
• More complex than ordinary databases-however they
simplify the development of expert systems
• Case based reasoning restricts us to modelling systems
where a collection of past problems/cases are known
4.3 Design and development of RKBDBMS
The design and development of RKBDMS systems will follow the
steps given below:
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•
•
•
•
•
•
•
•

Domain analysis,
Identify major entities/objects in the domain,
Identify the relationships between them,
Model the domain in an ERD,
Identify the cases associated with each entity
User interface design
Expanding the system
System evaluation.

4.4 Possible applications of RKBDBMS
The new technology can still be used to implement ordinary
database applications with additional capabilities of being able to
deal with uncertainty/fuzziness in user queries. Ordinary expert
systems can still be implemented with this technology. Any domain
that can be split into a set of objects and thus cases, and or that
follows certain trends or patterns and/or (thus) can be modelled by
a set of cases:
• E-learning-intelligent
• Financial analysis and planning
• Loan evaluation
• Diagnosis systems
• Problem solving systems
• Natural language processing systems
• Weather prediction
• Stock market prediction
• Intelligent search engines
• Data mining.
• Credit analysis
• Geological Deposit Prediction
• Battle planning
• Bank Telex Classification
• Network management
• Legal reasoning
• Claims settlement
• Fraud detection
• Help desk
• Planning and scheduling
• Machine Tool Fault Diagnosis
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We implemented a financial ratio analysis system in which a number
of ratios were input and:
1. It analyzed these ratios individually and then overall. Here
the analysis of a past retrieved ratio was used to analyze
the new entered ratio. (Figure 7 shows the user interface
with profitability ratios input by the user)
2. It gave a summarized projection that can be used in trying
to correct the “unfavourable” ratios
3. The system carried out cross-sectional ratio analysiswhere each ratio was compared with empirical standards
e.g. a current ratio of approximately 2:1 can be said to be
“generally good/favourable”-however a series/trend ratio
analysis system can also be implemented using
RKBDBMS
4. It allowed the users (especially financial analysts) of the
system to enter their own “rules” or “cases” to be used in
the analysis process
5. Since different types of firms use different ratio standards
the system allowed the users to specify their type of firm
6. It generated a financial report that can be forwarded to
anyone via e-mail if Microsoft Outlook Express was
configured.

5.0 Sample implementation: Financial Ratio Analysis
The new technology can be used to model applications like financial
ratio analysis. It can create financial statements and in addition
analyze the ratios calculated and come up with a projection.
Analyzing these ratios need some expertise, and some inference
engine or some reasoning, because of the following reason:
• Approximation in ratio comparisons. The ratios have to
approximate industrial standards, e.g. the current ratio (a
liquid ratio) should be approximately 2:1.
• Imprecision/inexactness in ratio analysis. The ratios
should compare very well with those of the firm’s
competitors.
• Incomplete knowledge. Some ratios might not be
available/defined for certain firms. This means when
carrying out ratio analysis there might be missing values
for certain ratios for some firms.
• Uncertain/fuzzy rules. The ratios should be generally high
and they should be greater than the ratios of previous
year(s).
Ratio analysis is a judgmental process, some reasoning is required
and some experience is needed.
All these are provided by the new RKBDBMS. It replaces the
financial analysts with the case based reasoning module. And the
database provides the storage for the experience-past examples
encountered during the financial analysis process. Similarity based
case retrieval will effectively deal with uncertainty/fuzziness. Data
processing capabilities offered by databases will calculate the
financial ratios from the financial statements (exact data
processing).

Figure 7 ER model for the financial ratio analysis
domain.
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Symbol/abbreviation
NPM
GPM
Pid
ROA
ROI
ROE
EPS
WC
Lid
AT
IT
EID
Firm Type
DE
SID
ExpID
RatioExp
A
A
*A

Explanations
Net profit margin
Gross profit margin
Profitability id
Return on assets
Return on inventory
Return on equity
Earnings per share
Working capital
Liquidity id
Asset turnover
Inventory turnover
Efficiency id
Firm Type
Debt to equity
Solvency id
Explanation id
Explanations of all the ratio categories
Means A is a primary key
Means A is a primary key
Means A is a foreign key

X

Entity X

Y

Attribute Y

Z

Relationship Z
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database table in descending order of similarity of the name field
to the word “kudakwashe”. The more similar the name field was to
this word the smaller was the value of similarity-in this case
kudakwashe has the smallest value of 0-which means the two are
equal.

Figure 8: An illustration of the execution of the string
similarity-measuring algorithm.
User interface

Table 1 Key for ER model.
5.1 Sample Liquidity ratio analysis
The financial analyser software generated this report. This software
application carried out CROSS SECTIONAL RATIO analysis-i.e.
comparing the ratios to predefined standards e.g. a current ratio of
2:1. The confidence value indicates the “confidence” we have in
our analysis (the smaller the more confident).
Liquidity Ratios:
Current Ratio: 2
Quick Ratio: 1.88
Working Capital: 3000
Liquidity Analysis:
Current ratio is good, Quick ratio is good and Working capital if
good. Your firm is liquid.
Liquidity: good
Liquidity Projection: Keep up the current values of your ratios,
by ensuring that you continue fully utilize your assets. The
creditworthiness of your firm can be maintained by keeping your
quick ratio. Clearly from your working capital ratio you have
enough assets to expand your business. High ratios are not bad
but they are not encouraged. Keep the working capital positive.
Confidence: 1000
5.2 String measuring algorithm
Figure 8 was produced by a fuzzy query (invoking UDFs) that was
described earlier on. This query retrieved all the records in a

Figure 9: Profitability ratio analysis (sample)

Conclusion
The new technology can be used to model applications like financial
ratio analysis. It can create financial statements and in addition
analyze the ratios calculated and come up with a projection. The
model can use its database capabilities to store financial data and
its data processing power to come up with financial statements.
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DEMYSTIFYING AND LINKING ICTS TO URBAN POVERTY ALLEVIATION: LESSONS FROM WIRELESS
ENTREPRENEURSHIP IN ZIMBABWE
Sidambe, M. & Odero, K.
Department Rural & Urban Planning, University of Zimbabwe,

Abstract
We argue in this paper that if properly linked to governance structures
and systems, Information and Communication Technologies (ICTs) can
be a viable vehicle for wealth creation, micro-entrepreneurship and thus,
poverty alleviation. ICTs are a major driving force of development. ICTs
can empower the poor, foster productivity and improve livelihoods.
However, poverty is a barrier to absorption and diffusion of information
and technology. A Study of wireless communication entrepreneurship in
two Zimbabwean cities, Harare and Bulawayo, indicates that institutional
and bureaucratic changes are prerequisites to deliver pro-poor ICT policy
and poverty reduction.

1.0

Introduction

Urban centres are the epicentre of information and technology.
Cities act as primary receptors and later on, ‘diffusers’ of
innovations to their hinterlands. ICT remain mystified despite the
apparent, but their languid diffusion in everyday life. Information
and technology are as archaic as the primitive man’s first attempt
to modify the natural environment for his security and cosy
habitation. Today, ICT is virtually analogous to the highly
sophisticated artefacts and processes associated with the computer
chip. Despite the wide conjectural perceptions of ICTs, there
remains intimate acknowledgement of the significant role and
implications of ICT on human development.
Developed societies are the heart of the development, refinement
and utilisation of ICTs while developing countries continue being
predominantly recipients of these. Initiatives have been formulated
to narrow the ICT divide between the developed and developing
countries. These attempts are a clear testimony to the key role of
ICTs in human development. Isolation and lack of information are
serious elements of poverty at individual, household and wider
societal level. ICTs are thus seen as part of the panacea to poverty
and its unruly effects. The growth of ICTs is amply reflected in the
proliferation of mobile communication systems. This has resulted
in fierce competition and wider choice to consumers of voice
services. Enterprise linkages have been fashioned into downstream
airtime service wholesalers, retailers, and dealers in handsets,
accessories. There are also numerous informediaries brokering
services from the major cellular service providers to the consumer.
However, there remains a strong concern on the role and extent to
which mobile voice service entrepreneurship is contributing to
urban livelihood security and poverty alleviation. 2.1
The Study Centres
Harare and Bulawayo were the two research centres selected for
this study. (Figure 1) The manifest appearance and rapid
proliferation of mobile communication centres in the two centres
made the two urban centres an obvious and attractive preference.
Harare is the primate urban centre and capital city of Zimbabwe.
Bulawayo, located 440 kilometres from the capital city and on the
southern part of the country, is the second largest urban centre.
The two cities are home to approximately 25 percent of the total
national population, with Harare’s population at 1.976.400 and
Bulawayo’s at 1.003.700 (World Gazetter, 2004). Harare is the
nerve and heart of the country. The macro-economic challenges
faced by the country have however manifested in deterioration of
the well-developed infrastructure and services in the two centres.

Figure 1: The Context of the Study, Zimbabwe
The introduction of the economic structural adjustment programme
(ESAP) in 1990 has driven the national average unemployment
level to a record 80%. Pull-factors have worsened the centres’
capacity to provide and maintain services for their populations.
The informal sector has become the most visible result of the SAP.
To many urbanites, the sector has become the sole corridor of hope
against poverty. Virtually every open and accessible open space
has been transformed to a production centre or retailing facility in
Harare. Informality, in business enterprise and general development
has, in the past, not been vigorously dealt with in the case of Harare.
On the other hand, Bulawayo municipality has favoured an
aggressive development control approach thereby deterring
proliferation of informal business activity. However, in both cities,
phoneshops, in various designs, sizes and locations have virtually
altered the urban landscape. This Study set out to understand this
new course of urban activity and livelihood strategy and to draw
recommendations that promote pro-poor ICT enterprise.
2.2
Purpose of the Study
The study examines the nature and extent of wireless
entrepreneurship to self-employment, micro-enterprise linkages and
relevance to urban poverty alleviation. It demonstrates the link
between proliferation of cellular telecommunication system, and
the development and sustainability of wireless microentrepreneurship as a vehicle for urban poverty alleviation. This
paper has three major intents; namely to
1. Demystify and provide a conceptual ladder for linking
ICTs to social issues of development.
2. Present the ICT policy framework and its role in the pace
of diffusion of ICTs in Zimbabwe
3. Link the conceptual and policy issues to practical demands
for wealth creation and poverty alleviation through
presentation of findings of a study on mobile voice service
entrepreneurship in Zimbabwe.
The objectives of the case study are elaborated herein under, as to
• Determine the nature and extent of micro-enterprises
involved in activities related to cellular communication.
• Assess the nature and magnitude of problems and
constraints faced by wireless micro-entrepreneurs.
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•
•
•

Identify linkages and examine the nature of flows in the
networks in relationship to entrepreneurship development,
growth and contribution to livelihoods.
Identify competitive advantages and incentives that may
be marshalled to facilitate the growth and sustainability
of the sector.
Suggest policy and development management
interventions that would alleviate constraints, increase
growth and contribution of the sector to employment
creation, urban productivity and poverty alleviation.

2.3
Research Instruments and Methodology
Multiple methods were utilised to gather descriptive and analytical
information from primary and secondary data sources. A
reconnaissance field survey identified 340 and 230 operators in
Harare and Bulawayo, respectively. Location of enterprises, that
is residential (home-based enterprises), residential environs, the
Central Business District, Industrial, Institutional and other (such
as the road side and vehicle-based mobile ventures) was utilised to
draw sampling clusters. A coded card for each identified enterprise
was placed in a related cluster from which 20% of the enterprises
were randomly selected for interview and observation. A targeted
closed-type questionnaire was administered on entrepreneurs. A
proto-type fieldwork covering three (3) and two (2) enterprises in
Harare and Bulawayo, respectively, revealed that some of the
managers and/or administrators were not enthusiastic or cooperative
particularly with respect to up-to-date data on investment levels,
sources of finance and profits. The principal researcher had to
obtain all the information related to these essential components
using a covert 1 approach. A second set of questionnaire was
administered on service clientele. Only those clients who were
available (that is, seeking or utilising services offered by the
enterprises) and could be interviewed at the time of interviewing
the operators were interviewed by a second research assistant. Using
this approach, a total of 286 clients were interviewed. Field survey
was complemented with both published and unpublished material
relating to the sector.
Literature review provided background information on the broad
approaches adopted by service providers. Policy statements and
other official and unofficial pronouncements by the service
providers provided an explicit understanding of the service
approaches and packages available to down-line operators.
Supporting material was drawn mostly from company brochures,
service agreements (which were easy to obtain) and business press.
Data on the general and specific responses of the local authorities
was captured through literature and policy review as well as
discussions with a number of persons in the development fraternity
both within and outside the local government system. This
purposeful sampling approach was also to utilise with respect to
the four service providers that is TelOne, NetOne, Telecel and
Econet. Two standard questionnaire guides were used to gather
information from the key informants, one each for the local
authorities and service providers. Observation was an important
tool in gathering information relating to service providers and
middlemen. The data was extracted via a telephone interview. A
matrix format was formulated in the analysis of the data to facilitate
comparison between the two urban centres. This also allowed for
clustering of findings to show relationships and thus make relevant
recommendations.
3.0

The Conceptual Framework

3.1
Innovation: The Role of Entrepreneurs
There are three phases in the process of technical change, namely,
invention, innovation and diffusion (Schumpeter, 1950). We
concentrate on ‘innovation’, the commercial exploitation of the
invention (Glaister, 1989). Innovation includes the whole process
whereby technologies and products are brought to commercial
fruition. Thus, for the innovation process to continue beyond the
stage of invention, action must be taken to apply the invention in
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such a way that results in its successful utilisation are realised
(Bwisa, 1996). This underscores the significance of
entrepreneurship.
3.2
Innovation, Growth, Poverty Reduction and
Entrepreneurship
The importance to innovation as an engine of economic growth
has long been acknowledged.2 Using this as a premise, we proceed
to argue that growth is a necessary condition for poverty reduction.
But, as observed by Rosenberg (1986) innovations, when
introduced in the market, invariably require major post-innovation
improvements, and it is these that shape adoption. This underscores
the need for learning feedbacks between marketing, production
and development as a basis for the wider process of innovation.
Based on empirical evidence from the survey of micro and small
wireless businesses, we argue that entrepreneurs provide this vital
link.
As others (e.g., Lundvall, 1988, 1992 and 1992; and Freeman 1998
cited in Mytelka and Smith, 2002) have observed, if the firm is
conceptualised as a learning organisation embedded within a
broader institutional context, the dynamic of knowledge, learning
and interactivity among actors gives rise to systems of innovation.
In applying this perspective to analyses of micro ICT enterprises
in Zimbabwe, we follow (Mytelka and Smith, 2002) and
hypothesise that the process of innovation is path-dependent,
locationally specific and institutionally shaped.
Specifically, we adopt a broad definition of ICT innovation systems
in Zimbabwe to include all parts and aspects of the economic
structure and the institutional set-up affecting learning as well as
searching and exploring—the production system, the marketing
system and the systems of finance present themselves as subsystems
in which learning takes place (Lundvall (1992). The research on
which the paper draws from is based thus contextualises
entrepreneurship within such a system. However, due to resource
constraints the scope of the current study is less ambitious being
limited to the introduction, on a small scale, of the wireless
technology into a market place. Some of the key elements that
emerge from this empirical study, however, resonate with the ongoing national ICT policy formulation process.
4.0

RESULTS AND FINDINGS

4.1
S & T/ICT Policy Environment
Zimbabwe has developed a science and technology policy3, but
has yet to do the same for the information and communication
technology sector.4 The absence of a policy framework for ICT
development represents a critical policy gap as it means that the
potential contribution of the sector to national development still
remains elusive. For example, in 1999, Zimbabwe’s telephone
network had a capacity of over 295,600 lines of which with 81
percent were connected. The telephone density was 2.07 lines per
hundred population. Due to historical reasons, telephone
penetration in Zimbabwe is biased heavily toward the largest cities,
which had teledensity of 7.52 compared to 0.59 for the rest of the
country.
While there is scope for improvement, the negative Zimbabwe’s
macroeconomic situation has contributed to the telecommunications
sector, for example, not playing its potential role where only about
5 percent of the population is connected to the fixed telephone
network, while the mobile networks service less than a million
people. An integrated national ICT policy and strategy is a sine
qua non for Zimbabwe to effectively participate in the global
knowledge economy.
Perhaps in an effort to fill this gap, the Government of Zimbabwe
(GoZ) in partnership with the United Nations Development
Program (UNDP) initiated a National ICT Policy Project to come
up with a national e-strategies policy document on ICTs. An
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agreement to facilitate this process was signed between the
Department of Science and Technology Development (DSTD)5 in
the Office of the President and Cabinet, and UNDP at the end of
October 2003. The aim of the project was to create a sustainable
knowledge society and economy in Zimbabwe through the effective
use of ICTs by developing a holistic and coherent National ICT
strategy. In addition, the project was to carry out e-readiness
surveys, conduct awareness campaigns and organize stakeholder
workshops.
A National ICT Project Steering Committee was thus set up to
coordinate the project while a National ICT Project Office that is
responsible for day-to-day project activities was set up within the
Zimbabwe Academic and Research Network (ZARNet).6 To date,
consultants have carried out a national e-readiness survey and
prepared a draft report. This will be followed by public awareness
campaigns expected to be carried out through electronic and print
media, panel discussions, workshops and exhibitions using existing
facilities, and outreach to educational institutions and schools. The
formulation of a National ICT Policy and Strategy will see the
culmination of this process.
4.2
Micro-entrepreneurship in Zimbabwe
Micro-entrepreneurship has ascended into an acknowledged vehicle
for employment creation, urban productivity and poverty reduction.
In general, micro-entrepreneurs have tended to focus on minuscule
wheel-and-deal ventures. They have largely been periphery to the
mainstream formal economy and oriented to menial value-adding
activities. The emergence of information and telecommunication
technology (ICT) as the crux of socio-economic and spatial
development has ushered intricate challenges and novel
opportunities for entrepreneurs and authorities alike. The

introduction and proliferation of the cellphone communication
device has resulted in contraction of time and the spatial expanse.
Initially, and narrowly conceived of as a physical gadget
compressing and bringing mobility to communication systems, the
cell has captivated numerous manifestations. The mobile
communication sector has grown from the physical image of a
handset to downstream retailing of airtime, accessories, software,
on-street mobile voice and messaging communication services,
repairs and maintenance of the gadget. Wireless communication is
now viewed as a niche sector and a resonant market for economic
empowerment and poverty alleviation. Franchising of provision
of gadgets and services has been heralded as an important weapon
for promoting ICT entrepreneurship and indigenous economic
empowerment.
4.3
Profiling Urban Wireless Entrepreneurs
Male entrepreneurs dominate wireless entrepreneurship. Te number
of men is approximately double that of women as shown in Table
1, with men at 65 percent of the total number of entrepreneurs.
The participating entrepreneurs were predominantly between the
age of 20 years and 50 years. It appears that the entry point for
male entrepreneurs into wireless micro-enterprise is at the age of
21 years. The 31 to 40 years is the most dominant group accounting
for 36.8 percent for both gender. Interestingly, all the under-21
year females were not married but indications are that they had
relatively better-off socio-economic backgrounds. Married
entrepreneurs also dominate the sector, with 67.5 and 62.2 per cent
of females and males, respectively being in some form of
matrimonial arrangement.

Table 1: Socio-Economic Status of Wireless Entrepreneurs
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(a) Age and gender
Age (years)
Harare
Female

Bulawayo
Male

Total(s)
Female

Male

Female

Male

Total

% of total

>20

3

0

1

0

4

0

4

3.5

21 – 30

6

7

3

3

9

10

19

16.7

31 – 40

8

17

5

12

13

29

42

36.8

41 – 50

5

12

5

10

10

22

32

28

51+

2

8

2

5

4

13

17

15

Total

24

44

16

30

40

74

114

100

(b) Marital status
Status
Harare
Female

Bulawayo
Male

Total(s)
Female

Male

Female

Male

Total

% of total

Single

3

5

0

5

3

10

13

11.4

Married

15

27

12

19

27

46

73

64

Divorced

4

9

3

5

7

14

21

18.4

Widowed

2

3

1

1

3

4

7

6.2

Total

24

44

16

30

40

74

114

100
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This study exposed the lowest level of literacy, which is basic
primary education, amongst the entrepreneurs to be at a mere 4
percent. (Table 2) Mohammed and Mhlanga (2003) argue that the
country’s “... strongest asset may lie in the nation’s 88 percent
literacy rate, the highest on the African continent”. In general terms,
the literacy level is relatively higher in the urban areas than in
communal, resettlement and other areas, such as mines. However,
there is a wide spread of educational background in the sector.
Secondary and high school-level qualifications dominate at 20 and
29 percent, respectively. An equal number, that is 15 percent of
both male and female entrepreneurs hold professional
qualifications, while 5 percent of males have attained a first degree.
This is mainly a result of the substantial public sector investments
in the education system from 1980 to about 1994. However, with
the introduction of tuition fees, primary and secondary school
enrolment have dropped significantly after 1996.
The majority, that is 58 percent of the entrepreneurs reside in the
low-income residential areas. 30 and 12 percent reside in medium
and high-income areas, respectively. The high number of
entrepreneurs in the high-density areas does not however, directly
relate to a relatively high distribution of wireless communication
facilities in the area. This is particularly so in view of relatively
low incomes to sustain high service provision. This aspect is
discussed further in the section on services.

Influenced
11%

Other
3%

Experience
11%

Good
opportunities/g
ains
25%

Supplement
Income
18%

Lost Job
13%

Could not get
job

Figure 2: Motives for Venturing Into Wireless Communication
On average it will cost 10 times more to start a mobile phoneshop
venture in Bulawayo than in Harare. This is due to the rigid
conditions attached to acquisition of a trading permit from the local

Table 2: Highest Level of Education
Level

Harare
Female

Bulawayo Total(s)
Male
Female

Male

Female

Male

Total

% of total

Primary
Secondary
High school
Vocational
Professional
Degree

3
3
9
5
4
0

0
9
11
15
6
3

0
5
6
3
2
0

1
6
8
9
5
1

3
8
15
8
6
0

1
15
19
24
11
4

4
23
34
32
17
4

4
20
29
28
15
4

Total

24

44

16

30

40

74

114

100

A large number of entrepreneurs entered the sector with optimism.
Figure 2. A quarter (25%) identified potential good opportunities,
that is, the opportunity to make a good income from the sector as
the their motive for venturing into wireless communication
business. 19,2 and 15 percent entered the sector as they could not
secure or had lost formal employment, respectively. The sector
also plays a pivotal role in providing a platform for supplementing
household incomes. A moderate number of entrepreneurs were
influenced by others to enter and participate in the sector. Three
operators, 2 in Harare and 1 in Bulawayo were solely in the fastfood sector when they were approached by Service Providers to
provide space for mobile cellular phone units. In 2 other cases,
family members had purchased the equipment, acquired the
necessary trading permits and simply handed them to ‘beneficiaries’
within the family to operate with all proceeds going towards the
operator. This was a case of creation of (a separate) livelihood by
and for a household member. Family members based abroad
sponsored the two. Interestingly, 11 percent had entered the sector
banking on experience. Of the 12 who used experience to enter the
sector 11 (92%) were men indicating, perhaps, that few women
were already skilled or participating in the electronic
communication sector.

authority. It is a prerequisite that all mobile on-street phone shops
must operate from a caravan or rear cabin of a vehicle, lorry to be
precise. In addition, the mobile ‘shop’ must not constitute a ‘visual
nuisance’. The location of the mobile shops is identified and the
site tendered out to the public. Breaching the municipality’s
regulations and operating conditions is viewed and has been
experienced by some to be very costly. An operator in one of
Bulawayo’s old high density suburbs observed that the cost of old
and disused caravans has tripled, to an average of $12.000.000
over the past 12 months due to high demand by prospective
phoneshop operators. In Harare the average cost of old and disused
caravans is within the $1.750.000 to $2.500.000. Obtaining
permission to locate operations in a specific site is viewed by the
majority of entrepreneurs in Harare as unnecessary. While in Harare
obtaining a trading licence takes a maximum of 2 weeks, the process
in Bulawayo takes nothing less than 6 months. The position in
Bulawayo points towards scrupulous local governance.
The costs of starting-up a secure communication facility are quite
high. The minimal cost of acquiring one mobile type wireless
communication gadget, line and franchise was $3.500.000 and
$3.000.000 in Harare and Bulawayo, respectively. The airtime retail
venture is the most affordable with a minimum of $50.000 being
required. This explains the dominance of self-employment in the
airtime retail sub sector. Despite the high start-up costs, a large
number of operators did not access any exogenous financial system
with 17 percent citing lack of collateral as the main obstacle.
Another 17 percent were frustrated by bureaucratic requirements
forcing them to resort to self-finance or pool resources at household
level for start-up capital. 22 percent had made no attempt to seek
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financial assistance due to previous bad debt-servicing records,
however not related to this sector. Male entrepreneurs had the
least reason to seek financial support as depicted in Figure 3. Poor
or non-existent collateral base has an equal impact, at 29 percent,
to frustrations encountered from bureaucratic requirements for
women. A dismal story emerges in that while 25 percent of men
who did not seek financial assistance because they were financially
secure, none of the women in the same boat had financial security.
Female entrepreneurs displayed a high degree of being risk-averse,
with 42 percent being indisposed to debt financing to start-up
wireless enterprises.

Lack of
Collateral
17%

Not
necessary
17%

Working
capital
14%

Other
6%

Experience
11%

Fixed capital
14%
Bureaucracy
16%

Premises
14%

Information
15%
Family/
societal
10%

Figure 4: Initial Problems Faced By Entrepreneurs
Bureaucracy
17%
Bank
12%

Avoid risk
27%

Own/none
24%

Previous
experience
22%

Figure 3: Reasons for Not Seeking Financial Support
(For Start-Up)
4.4
Operations of wireless enterprises
The problems faced by would-be entrepreneurs are characteristic
of micro-enterprises in general. Figure 4. The impact of poor
financial footing is serious; the first three problems - working capital
(14 percent), fixed capital (14 percent) and raw materials (15
percent) - relate to finance. Own-financing and pooling of family
resources are important elements for start-up finance, accounting
for 24 and 18 percent respectively. However, there is a spread of
sources for start-up finance for entrepreneurs as shown in Figure
5. The conventional banking sector has been reluctant to finance
this sector with a mere 12 percent of ventures that have benefited
from banks. Wireless communication service providers have a very
minimal at 13 percent participation level in terms of financing
downstream enterprises. Taking into account that 42 percent of
ventures were initially financed from household level, this gives
the impression that the initial capital demand is relatively low to
moderate. This is partly misleading and conceals the fact that the
large numbers of these marginal-sized enterprises is largely a result
of under-funding.
Women seem to bear the brunt of family, household and societalrelated problems. The number of men (6 percent) facing such
problems is half that of women. Lack of access to information
about products, markets and services accounts for 16 percent of
all problems faced by entrepreneurs. 14 percent of entrepreneurs
were worried about the location or state of their sites and premises.
The majority of sheltered operators raised concerns over stiff and
‘unfair’ competition from street operators. Street operators are
viewed as ‘free-riders’ than competitors. However, in Bulawayo
there was an indifferent feeling mainly to the stringent local
regulations limiting ‘free-ride’ operations to on-street airtime cards
retailing. Bureaucracy is a major thorn in the flesh with 16 percent
of entrepreneurs expressing discomfort with licensing and operating
regulations.

Micro-Finance
33%
Family
18%

Suppler
(Franchise)
13%

Figure 5: Sources of Finance At Start of Enterprise
Enterprises employing between 4 and 5 persons constitute 28
percent of the total. On the extreme ends are self-employed and
those ventures with 8 to 9 employees as shown in Figure 6. More
women than men (27%) tend to be self-employed, than men (18%).
On the other end, there was virtually no female-owned ventures
with more than 7 employees in both cities, while those businesses
with 8 to 9 employees constitute 6 percent in comparison to the 20
percent that employee between 6 and 7 employees.
8-9
6%

Owner
operated
20%

6-7
20%

2-3
26%
4-5
28%

Figure 6: Size and Number of Wireless Micro-Enterprises
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The general range of employees appears to be between 2 and 5
employees, representing 53 percent of the total labour force in the
sector. The aggregate ratio of female to male employees is 28 to
72 percent, indicating the marginal level of participation by women.
This perhaps should be understood against the structure of
ownership of these enterprises, as shown in Table 1, where womenowned ventures account for 35 percent.
The sector is characterised by sole-ownership, at 58 percent. 24
percent are legally registered companies while 18 percent are mostly
family-owned and co-operative type entities. Pooling of resources
by and amongst family members or close friends contributes to the
high level of co-operative arrangements. The sector has a high level
of formality; one cannot operate without having some formal
arrangement, the minimum being the need to have an operator’s
licence. 46 percent of the ventures have very minimal level of
formality and operate obscurely. The main element of informality
relates to spatial location, that is operating in an area where there
are not licensed to do so.
More visible in the urban set-up is the retail of airtime that accounts
for 17 percent (Figure 7). The activity is the most mobile of all
elements related to the sector with airtime cards being sold at major
road intersections, pavements, shopping arcades and public open
spaces. The dispersal of the activity from the shops has worsened
the already tightly contested public space. Entrepreneurship solely
in provision of voice communication accounts for 13 percent. Three
types of mobile phones are operated in both urban centres. The
Adondo, commonly referred to as the ‘Blue Phone’ (although it
comes also in yellow, pink, grey and black) accounts for 76 percent,
the Z744 compact model accounts for 21 percent while the Blue
Tel fills in the remainder of the operated mobile phone stock.
Dual system
10%

Machine
13%

Airtime
17%

Combination
23%

Cellphones
18%

Accessories
19%

Retail of cellphone accessories is popular (19%), while 23 percent
of enterprises have diversified activities related to mobile
communication systems and 10 percent have integrated fixed
communication systems into their operations. All those operating
integrated systems operate from secured spaces, that is shops, and
in areas where there is ease of connecting to fixed telephone
network. Provision of fax and fixed telephone services are dominant
services that accompany mobile systems. However, differential
pricing related to service destinations is practiced where mobile
and fixed voice communication services exist in parallel form.
Services via the mobile system in such cases are restricted to
regional and international calls as these tend, in relative terms,
tend to be cheaper to the consumers and have a higher profit margin
for the operators.
Women tend to locate and undertake their operations from the
residential environment as depicted by Table 4. 40.0 percent of
women operate at home (12.5 %) and within the vicinity of
residence (27.5 %). Women’s reproductive and household roles
limit their mobility and operational distance from home. The central
business district (CBD) remains the most popular place to locate
and undertake operations. Some operators (4 %) have been more
daring in locating their activities at entry points to nightclubs,
changing the nature of night entrepreneurship. In Harare’s Warren
Park Cemetery, a lone woman operates a mobile phone shop
providing services to mourners and funeral-service providers such
as florists. The most mobile and novel communication ‘shop’
operates within the Harare-Bulawayo passenger train. The operator,
Ms Maliangwe, has been in the business for two years. However,
She indicated that she has to ‘lubricate’ the hands of the railways
train officers to avoid being thrown out of the train.
Related to the spatial context of the operations is the temporal
spread of activities as depicted in Figure 8. Night entrepreneurs
cater for the after-hours business and social activities. Some 4
percent of entrepreneurs operate round the clock with another 4
percent operating for 18 hours a day. The majority (34 percent)
offer services for 9 hours while 18 percent stretch their operations
to mop up activities to 1800 hours. There is apparent genderdiscrepancy in terms of operating times of entrepreneurs with 88
percent of women-owned enterprises operating to a maximum of
14 hours a day. The relatively limited operating times of womenoperated communication facilities hinges on women’s roles that
also have an impact on earnings of their enterprises. Table 5.
Vulnerability and concern for personal safety by women partly
explains the low returns to women-operated enterprises in
comparison to those operated by men, in relative terms.

Figure 7: Sectoral Concentration of Entrepreneurial Activities

Table 4: Locality of Entrepreneurial Activities
Level

Harare
Female

Male

Bulawayo
Female Male

Total(s)
Female Male

Total

% of total

Residential
Residential environs
CBD
Industrial
Institutional
Other

5
7
5
2
4
1

0
7
19
9
7
2

0
4
5
2
5
0

2
5
12
5
4
2

5
11
10
4
9
1

2
12
31
14
11
4

7
23
41
18
20
5

6
20
36
16
18
4

Total

24

44

16

30

40

74

114

100
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The nature and size of profits realised by entrepreneurs is closely
linked to the nature of linkages as well as the products or services
offered by the enterprises. Figure 9. A high level of fragmented
brokering services translates into lower profits for the end serviceprovider. However, whether this is good or bad is viewed as neither
an issue nor a question. The important concern relates to the
propensity to create sustainable employment, the level of dispersal
and/or concentration of incomes at each stratum. There was
observed high level of atomisation of specialisation, activities and
returns at the broker level. In three of the service brokers, the ownerentrepreneurs had a strong background in the communication sector.
Three (3) had worked in very senior technical and one in managerial
positions. The three enterprises were on the upper-income side,
that is realising net profits of above $10.000.000. However, two of
the entities employed 2 persons, a one-man band ‘technician’ and
a helping hand to keep the office open. The third entity which had
a diversified product and service portfolio, employed a robust
approach and up to 7 persons.

24hrs
4%

Up to 16 hrs.
5%
9 hours
34%

Up to 14 hrs.
8%

12 hrs.
13%

11hrs
14%

10 hrs
18%

Figure 8: Daily Maximum Operating Time
The Study reveals that there is a large percentage of pent up demand
for voice communication services in the evenings and night. The
level of voice service supply is currently below 1 percent with the
majority of night patrons depending on the goodwill of those who
own cellphones. Only men-operated enterprises in the sector earn
more than $7.000.000 per month. Women are virtually relegated
to the lowest income band in the sector; 27.5 percent earn less
than $1.000.000 on a monthly basis in comparison to only 12
percent of men. Nearly all sheltered enterprises, that is 11 phone
shops, 3 operating for 18 hours and 1 around the clock, were
experiencing profits of above $10.000.000. This indicates a close
relationship between the psychological impact to the consumers
to access ‘sheltered’ services usually in comfort, and the length of
business operation time.

There are four key players in the wireless communication services
business; the WSP, the hardware equipment distributor/
programmer, the airtime merchandiser and the end-operator. All
the wireless service providers (WSPs), that is, Econet, Telecel and
NetOne do not deal directly with the end-operators. A string of
‘brokers’ interlink the two, that is the WSPs and the end-operators,
as depicted by Figure 9. Hardware providers sell or hire-out
hardware communication equipment to the operators for a monthly
fee, ranging between $150.000 and $300.000. The ‘hire’ option,
in comparison to the outright purchase option offers minimal initial
capital outlay and a slight risk to the end-operator. The second
group involves firms and/or individuals who are experts in the
programming of the equipment. The programming takes the form
of ‘unblocking’, ‘unlocking’, (re-)pricing and installation of
optional display information such as the trading name of the
operator. The cost of installation of optional display information,
pricing and re-pricing ranges from $50.000 to $150.000.
Unblocking and unlocking of equipment is undertaken for
equipment that has been imported in order to synchronise the
operating system with that in the country. This is the single most
expensive exercise ranging in cost between $1.500.000 and
$2.500.000. Operators have a choice of purchasing the equipment
in cash ($4.500.000 to $6.000.000) or though an account system
($6.600.000 to $10.200.000).

Table 5: Estimated Net Monthly Returns
Net monthly returns ($m)
>1.0
1.01 - 2.0
2.01 - 3.0
3.01 - 4.0
4.01 - 5.0
5.01 - 6.0
6.01 - 7.0
7.01 - 8.0
8.01 - 9.0
9.01 - 10.0
10.01+
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Harare
Female

Male

Bulawayo Total(s)
Female
Male

Female

Male

Total

% of total

9
5
3
3
2
1
1
0
0
0
0

7
6
4
3
4
5
5
3
3
2
2

2
5
4
2
2
1
0
0
0
0
0

11
10
7
5
4
2
1
0
0
0
0

9
10
9
8
7
7
8
5
4
4
3

20
20
16
13
11
9
9
5
4
4
3

17
17
14
11
10
8
8
4
4
4
3

2
4
5
5
3
2
3
2
1
2
1
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5.1
Emerging Issues and Challenges
The study highlights the potential of ICT not only to meet the
instinctive communication needs but also to promote pro-active
responses to, and an ICT micro-entrepreneurial culture.
Despite day-to-day interaction, usage and impact on lives, ICTs
remains an abstract for many people. For the ordinary person on
the street(s) ICTs are only important if they address basic needs
and specific demands. For example ‘basic’ devices such as
telephones, ATMs, etc. are viewed as important vehicles for
development and human comfort.
Evidence points that the small-scale ‘entrepreneurs’ have been at
the forefront of diffusing components of ICT and making them
more visible to the general public. Despite the apparent business
benefits of this the service providers appear to have adopted a top
down approach. Communicating price changes, through brokers
and the press appears to be their largest (and for some, the sole)
line of communication with operators.

Figure 9: Voice-Service Entrepreneur Linkages
The brokers offer either a single service or a combination of
hardware retailing, programming, line rental and/or airtime
merchandising. However there are few (13 percent) service brokers
who specialise in a complete package. The majority, that is 63
percent, offer airtime-merchandising services only while an equal
number on either side, that is 12 percent deal in hardware and
programming only. Interestingly, though is that only 12 percent of
the brokers and 23 percent of the brokers deal with a single WSP
and all the WSPs, respectively.
A growing phenomenon is that of the broker-cum-equipment owner.
This is particularly evident in Harare where 37 percent of the
operators hire the equipment and are paid a commission, ranging
between 10 and 15 percent, of monthly takings. This option is
different from the ‘hire’ alternative in that the end-operator has no
ownership claim over the equipment, location and has little, if any,
decision space over the operation of the business. The business
tends to be ‘syndicate’ in nature in that 87 percent of broker-owned
businesses would tend to cluster around a given land use block
thus dominating rather than completely shutting out other operators
in the locality.
Figure 9 illustrates two contrasting pictures. The number of actors
declines as one moves from the ‘visible’ enterprise, that is street
and shop operators. At the national scale, and at the peak of the
sector are only three actors, viz. NetOne, Telecel and Econet.
Presumably this reflects that capital and expertise requirements
and capacity intensifies from Operator at the bottom of the rung to
the apex, occupied by the service providers. The lighter triangle
pivoted on one corner demonstrates distribution of control, that is
the power to control the business activities. The multitude of
operators has minute control in terms of pricing and ice quality.
Conversely, the three service providers have the stronger and final
say in terms of the sector’s activities. However, their operations
are tightly monitored and regulated by POTRAZ. A cartelistic
market in which a few operators, though within the realms of public
sector regulation, ‘collude’ in pricing, product packaging and down
streaming of business is observed in this sector.
5.0

ICT Entrepreneurship: Lessons and Future Directions

The two local authorities have adopted differing approaches. While
the Harare municipality appears to be overwhelmed by the sprouting
of wireless entrepreneurship, it has done little to tap into the sector
by way of licences and rates. On the other side, the Bulawayo
municipality appears to have had minimal appreciation of the ‘real’
paths of the informal sector. Formalising the sector, through such
restrictive regulations as location, times, type of premises (vehicles/
caravans) is perceived as worsening the situation and leading to
further economic marginalization of the poor.
Women participation in ICTs, basing on the case study and literature
review, is minimal. The gender-disparities in ownership of,
employment in, and returns from ICT entrepreneurship are striking.
However, participation of the youth is marginal in terms of relative
numbers and also their concentration in the most menial activities
in the sector, such as on-street airtime retailing. The sidelining of
women and the youth is particularly worrisome in view of the Study
revelations of the ‘marginality’ of the enterprises owned by women
and youth in terms of size, vibrancy and profitability.
The capacity of the ordinary persons to articulate their position in
policy formulation and management is questionable. Does the
ordinary persons understand the real ICT policy issues?
Furthermore, despite the existence of a new sectoral policy, the
important role of POTRAZ appears to be too abstract for the general
operators. Thus, the operators lack direct communication links
with the regulatory body.
The poor do not enjoy ease of access to ICTs. In urban centres, the
CBD continues to be viewed as the hub of socio-economic life.
This is despite the continued loss of formal employment at, and
decentralisation of employment from the centre. The rural areas
are further marginalized. The supply of communication facilities
tends to conglomerate at the ‘rural-urban’ nodes, the growth points
and business centres. Micro-entrepreneurs are operating on the
principle of consuming what they are fed by the service providers.
The service provider-operator model is heavily skewed in favour
of the former. A big challenge is for the operators to add value,
differentiate and diversify their services.
5.2
The Future Paths
The potential high and positive impact of ICTs lies in the ability of
both the public and private sectors’ capacity to diffuse new
technologies to the micro-enterprises. Micro-enterprises tend to
be closer and more amenable to the majority of the people, and in
particular the poor. The level of advocacy needs to be enhanced
to equip the ordinary persons and the ICT micro-entrepreneurs to
profile, articulate and track their inputs in the policy arena. Microentrepreneurs are the ‘best’ vehicles for disseminating and diffusing
ICTs to the urban poor. There is ample evidence that the micro139
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enterprises have intuitiveness for, and with minimal investments
go on to ‘capitalise’ on the market.

4.

Wireless micro-entrepreneurs need to form sustainable strategic
alliances to marshal their position. Perpetuation of consumerists’
entrepreneurship is not healthy for the operators themselves and
the consumers at large. Alliances will enable operators to share
lessons, put up a strong force to articulate their views and negotiate
hardware and airtime purchase terms and prices.

5.
6.
7.
8.

A higher impact of ICTs particularly targeted at fostering equitable
urban development, and thus reducing urban poverty, lies in the
proactive integration of ICTs in urban policy, management and
planning strategies. Such a policy framework needs constant
monitoring to foster and sustain local ICT entrepreneurship. This
will also ensure that micro-entrepreneurship, particularly in the
ICT sector, shifts from consumerist approach to invention,
innovation and diffusion.
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A SPATIAL INFORMATION SYSTEM TO MONITOR AND EVALUATE THE
HIV/AIDS PANDEMIC IN ZIMBABWE
Cathyrine Chipara and Charles Paradzayi
Department of Surveying and Geomatics
Midlands State University

Abstract
Keywords: Geographic Information System (GIS), non-governmental
organisation (NGO), National Aids Council (NAC)
The National Aids Council (NAC) has a mandate to foster a supportive
environment for multisectoral action on combating the HIV/AIDS
epidemic in Zimbabwe. The NAC provides a framework for planning
and implementation of activities by various organisations involved in
HIV/AIDS initiatives. According to Sithole (2003), the NAC has
disbursed over Z$4 billion to communities affected by the epidemic from
the National Aids Trust Fund. The NAC disburses the funds to nongovernmental organisations (NGO) through rural and district councils to
ensure equitable distribution in terms of geographic coverage and level
of need. One of the most challenging issues faced by the NAC is that
HIV/AIDS data is fragmented. The lack of an existing spatial database
on HIV/AIDS makes it difficult to identify areas with a high prevalence
of the disease. Duplication of functions is high between the NAC and
NGOs that implement HIV/AIDS initiatives due to lack of coordination.
Statistics provided by the NAC on the AIDS epidemic are derived from
the sentinel surveillance system. This system uses indicators such as direct
HIV/AIDS death rate, HIV prevalence, the infection rate, NGO’s and
their related programmes, among others, to determine the level of need.
This paper will outline the development of a prototype spatial information
system for the NAC to monitor and evaluate the HIV/AIDS epidemic in
Zimbabwe. A user needs analysis of the NAC was conducted to identify
the potential users and their information requirements using questionnaires
and interviews. The user information requirements included the following:
·
A system that could present geographic distribution and
variation of HIV/AIDS, its prevalence and incidence. The
system should be able to produce thematic, ranged colour or
proportional symbol maps to denote the intensity of HIV/AIDS
for communicating messages effectively
·
A GIS based system to track the location of service providers
(e.g. non-governmental organisations), people living with HIV/
AIDS, resources and health plans and programmes so that sound
decisions can be made regarding resource allocations. Multicriteria modelling techniques will be used in the decisionmaking process.
·
A system that could assist in the citing of health services such
as clinics and ARV centres
·
A system that can be queried for both spatial and statistical
analysis to give information on issues like the percentage of
population served by a service provider, distance of community
from health centre or the area covered by a particular health
programme.
Conceptual and logical data models were designed for the prototype spatial
information system based on the results of the user needs analysis. These
models identified the entities (such as NGOs, programs, districts and
provinces) that make up the information system as well as their associated
relationships. The system provides statistical information on the disease
as well as the geographic location of the organisations working with people
living with HIV/AIDS. The prototype system was developed using three
computing environments: the graphical user interface was designed in
Visual BasicÓ, the attribute database in MS AccessÓ and the spatial
database in ArcView GISÓ.
The prototype provides HIV/AIDS statistics at district level, the spatial
distribution of AIDS cases and NGOs working on AIDS related activities
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and thematic maps on aids statistics at district and national level. A much
wider consultation is required to develop a full application that can be
deployed at the NAC offices. The application should be web-based so
that a wider audience who deal with HIV/AIDS issues can access it

.1. Introduction
HIV/AIDS has wreaked havoc in Zimbabwe society and its effects
cut across the social spectrum. In Zimbabwe, the National Aids
Council (NAC) has a mandate to foster a supportive environment
for multisectoral action on combating the HIV/AIDS epidemic.
The NAC mobilises, facilitates, supports, coordinates, monitors
and evaluates multisectoral response to the HIV/AIDS epidemic.
The NAC provides a framework for planning and implementation
of activities by various organisations involved in HIV/AIDS
mitigation initiatives. It is mandated to raise and manage resources
to enable effective multisectoral response to the disease. So far,
the NAC has disbursed billions of dollars from the National Aids
Trust Fund to communities affected by the scourge (Sithole, 2003).
The National Aids Trust Fund was introduced in 1999 by the
government through an act of parliament so that thousands of
affected people could get access to decent health services.
The sentinel surveillance system is being used to monitor and
evaluate the epidemic in Zimbabwe. This system uses indicators
such as direct HIV/AIDS death rate, HIV prevalence, the infection
rate, NGO’s and their related programmes, among others, to
determine the level of need of an affected community. The NAC
disburses the funds to non-governmental organisations (NGO)
through rural and district councils to ensure equitable distribution
in terms of geographic coverage and level of need. The NGOs
operate in both the urban and rural districts in the country.
1.1. Problem Definition
One of the most challenging issues faced by the NAC is that HIV/
AIDS data is fragmented. This makes it very difficult for
stakeholders to make informed decisions based on the available
HIV/AIDS data. It is also very difficult for stakeholders to share
information. Duplication of functions is high between the NAC
and NGOs (and among the NGOs) that implement HIV/AIDS
initiatives due to lack of coordination. Even though there is an
existing directory of the non-governmental organisations,
information about what they do and their geographic location needs
to be consolidated in order that duplication can be eliminated and
thus create an effective system. The lack of an existing spatial
database on HIV/AIDS activities makes it difficult to identify areas
with a high prevalence of the disease so that available resources
can be utilised optimally. At present, there are anomalies between
prescribed population level in need of resources and the actual
population served by the NAC.
1.2. Geographic Information System in the Health Sector
Geographic Information System (GIS) is an innovative tool that is
being used to effectively analyse spatial data concerning HIV/AIDS
in order to assist decision-makers in allocating adequate resources
to fight and alleviate the effects of this epidemic. GIS is being
used to identify areas with a high prevalence of the disease as well
as showing the rate of spread of the pandemic in any given
community. This leads to improved program planning and efficient
service delivery in the health sector.

RESEARCH COUNCIL OF ZIMBABWE

According to Gupta (2003), modelling data for health in GIS
involves integrating GIS with standard health science methods.
Spatial interaction models analyse and predict the movement of
people, information and goals from place to place. By incorporating
a temporal dimension these models; one can predict how diseases
spread, spatially and temporarily. Spatial variation in health related
data and its study is fundamental as part of epidemiology.
Representation and identification of spatial patterns play an
important role in the formation of public health policies.
A number of health applications benefit directly from GIS solutions.
Some of the application areas have been identified as follows
(Gupta, 2003):
• Geographic distribution and variation of diseases
• Analyse spatial and temporal trends in diseases
• Map populations at risk and identify risk factors
• Forecast epidemics
• Monitor utilisation of health centres
• Locate the nearest health facility
GIS capabilities that are being exploited in these applications
include; visualisation, overlay analysis, buffer analysis, network
analysis, statistical analysis, query, spatial interaction and
extrapolation.
GIS can help in generating thematic maps, ranged colour maps or
proportional symbol maps to denote the intensity of HIV/AIDS.
GIS keeps track of the geographic location of service providers,
affected people, resources and health plans and programmes. It
allows policy makers to easily understand and visualise the
problems in relation to the resources, and effectively target
resources to those communities in need (Sirvasta et al, 2000).
GIS can overlay different pieces of information from disparate
sources using a common reference system. This helps in decisionmaking and medical research through multi-criteria modelling.
Buffer zones can be created around selected features such as
hospitals For example; a user can specify a buffer of 10 km around
a monitoring station and then combine this information with HIV/
AIDS incidence data to determine how many cases fall within the
buffer.
2. Materials and Methods
2.1 User Needs Assessment
This paper outlines the development of a prototype spatial
information system for the National Aids Council (NAC) to monitor
and evaluate the HIV/AIDS epidemic in Zimbabwe. A user needs
analysis of the NAC was conducted to identify the potential users
and their information requirements using questionnaires and
interviews. The user needs analysis focussed on the functions of
the NAC because these are more stable than organisational units.
These functions include the need to understand the geographic
distribution and variation of diseases, analysis of spatial and
temporal trends in diseases, monitor utilisation of health centres
and locating the nearest health facility. The outcome was user
information requirements that included the following:
• A system that could present geographic distribution and
variation of HIV/AIDS; deaths, prevalence and incidence.
The system should be able to produce thematic, ranged
colour or proportional symbol maps to denote the intensity
of HIV/AIDS for communicating messages effectively
• A GIS based system to track the location of service
providers (e.g. non-governmental organisations), people
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•
•

living with AIDS, resources and health plans and
programmes so that sound decisions can be made
regarding resource allocations. Multi-criteria modelling
techniques will be used in the decision-making process.
A system that could assist in the locating of health services
such as clinics and anti-retroviral (ARV) centres
A system that can be queried for both spatial and statistical
analysis to give information on things like the percentage
of population served by a service provider, distance of
community from health centre or the area covered by a
particular health programme.

3. Results
3. 1. Information System Conceptual Data Model
The spatial information system combines spatial data (e.g. districts,
clinics) with HIV/AIDS statistics and other non-spatial attributes.
Conceptual and logical data models were designed for the prototype
spatial information system based on the results of the user needs
analysis. These models identified the entities (such as NGOs,
programs, districts and provinces) that make up the information
system. Some of the following enterprise rules were derived to
show the associated relationships of the entities.
NGO and Programmes
• An NGO may run many programmes
• Many programmes may be run by more than one NGO
NGO and District
• Many NGOs may be found in one district
• An NGO may be found in more than one district
District and Province
• There must be more than one district in a province
• A province may have many districts
Clinics and districts
•
•

There maybe more than one sentinel clinic in a district
A district may have more than one clinic
Patients and Clinics

• A patient may frequent many clinics
• A clinic may serve many patients
A more comprehensive entity relationship diagram is shown in
Figure 1, below.
3. 2. Logical Data Model
The logical model transforms the conceptual data model into the
relational database schema. The relational database schema does
not allow many too many relationships. The logical model for the
spatial information system is shown in Figure 2 below.
3. 3. Skeleton Database Tables
Skeleton tables were created from the logical data model that is
shown in Figure 2, above. The tables have to be subjected to the
process of normalisation to eliminate and redundant attributes. The
normalisation process also rids the tables of functional and transitive
dependencies that could cause updating, deletion and insertion
anomalies (Connolly et al, 2002) in both the attribute and spatial
databases. Table 1 overleaf, shows some of the skeleton tables that
were created for the sample database.
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3. 4. Prototype Spatial Information System
A prototype system was developed using three computing
environments: the graphical user interface was designed in Visual
Basic, the attribute database in MS Access and the spatial
database in ArcView GIS. The system provides statistical
information on the disease as well as the geographic location of
the organisations working with people living with HIV/AIDS.

Figure 1: Entity Relationship Diagram

4. Discussion
The prototype provides HIV/AIDS statistics at district level; the
spatial distribution of AIDS cases and NGOs working on HIV/
AIDS related activities and thematic maps on HIV/AIDS statistics
at district and national level. Figure 4 overleaf, shows a query that
can be generated to show the spatial distribution of HIV prevalence
among adults by districts for the year 2000. Estimated HIV adult
prevalence is comparatively high in Harare and Bulawayo. The
spatial and attribute databases were not developed in an integrated
environment due to time constraints as well as the lack of suitable
software at the disposal of the researchers.

Figure 3: Spatial information physical model
Figure 2: Logical data model

Figure 4: HIV prevalence by districts
Table 1: Skeleton tables
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5. Conclusion
The development of the prototype spatial information system was
constrained by a limited timeframe. As a result, the spatial database
and the attribute databases were developed in different environments
instead of being integrated in one environment. The prototype has
limited functionalities. A much wider consultation is required to
develop a full application that can be deployed at the NAC offices.
This application can make use of Web-GIS, where the spatial and
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non-spatial data is stored in a central server through the Internet or intranet. Web-GIS will make HIV/AIDS information instantly
available to most of the NGOs across the country so that decision-makers can make informed decisions about resource allocation based
on the level of need.
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Abstract
We report on some aspects of folate production in mahewu, an indigenous
maize-based beverage from Southern Africa, which is produced through
fermentation. The study found significant increases of total folate content
in mahewu by fermenting it in the laboratory using natural micro-flora for
uncontrolled fermentation at ambient temperature for 24 to 48 hours to
simulate the traditional method of production. There was no significant
difference between this and folate level produced through controlled
fermentation using Lactobacillus plantarum at defined temperature (30°C)
for 24 hours, a method simulating commercial production. Experimental
conditions (pH, temperature, substrate concentration, nature of raw material)
had an effect on the organoleptic properties of mahewu.
A survey carried out at University of Zimbabwe on the level of
consumption, and preference for mahewu, among 100 students (16 - 25
years), showed that around 80 % of them drink mahewu for a multiplicity
of reasons, with 33% of them doing so because of its taste, but not because
of its nutritional value.

Keywords:
mahewu, folate, traditional fermentation, Lactobacillus, Zimbabwe.

1.
Introduction
Fermentation as a method of processing foods is practiced very widely
in Southern African countries, where the fermented beverage called
mahewu is very popular. Studies have shown that fermentation
improves the nutritional value of the food by enhancing the B vitamin
group content in the product (Svanberg & Lorri, 1997; Steinkraus,
1998). The effect of fermentation on folate content has been carried
out using soy and cereals. Lin & Young (2000) demonstrated an
increase in folate content of yogurt produced using folate
synthesizing lactic acid cultures.
Traditional preparations of mahewu include the addition of sorghum
or millet malt to cooked maize to obtain the drinkable consistency
after 24 – 48 hours of fermentation using natural microflora.
Commercial fermentation process uses a pure culture of lactic acid
bacteria in the fermentation process, in the place of malt.
Zimbabwean diet is composed of 80 % cereals, mainly white maize,
with a low folate value of 6.7 µg per 100g of meal (Chitsiku,
1984; MRC, 2002). Refined maize contains a slightly higher folate
content of 9.0 µg per 100g of meal. Fortification with a number of
mineral salts and vitamins, including folate is one possible solution
to the problem and this is currently being done by the local
commercial producers of maize meal., such as Blue Ribbon Foods
and National Foods. However, fortified meal is more expensive
than the unrefined ‘straight run” that is available to over 60% of
the population that live below the Total Consumption Poverty Line
(FAO, 2001). The recommended fortification level in Zimbabwe
is 55 µg per 100g of the meal, whilst in other Southern African
countries the mandatory level is 37 µg per 100g of meal (MOST/
USAID, 2000).
In a typical traditional Zimbabwean diet, the main sources of folate
are the fruits and green vegetables, some of which are only available
seasonally in the rural areas. The properties of folates, as described
by Hawkes & Villota (1989) and MCW Health Link (2001) have
some bearing on their stability and bioavailability, and
consequently, on the extraction and assay methods to be used.
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Folates crystals are yellow coloured with limited solubility in water
although they are classified as water-soluble. They are susceptible
to heat and light, making extraction and assay difficult. However,
the folic acid and 5-formyl tetrahydrofolate are more stable than
5-methyl-tetrahydrofolate and tetrahydrofolate (Chen & Cooper,
1979). Prolonged cooking destroys folate in the food, which further
contributes to the low folate content in a diet. In Zimbabwe,
vegetables are generally cooked by boiling them into a relish, thus
destroying most of the folate. The solution therefore lies in
improving folate availability from other food sources that do not
require further processing such as fermented foods.
Folate belongs to the B group of vitamins in a family of derived
compounds that are chemically pteroglutamic acid (PGA) in
structure (Gregory, 1989; Hawkes & Villota, 1989; NHMRC,
1992a; Hugenholtz et. al., 2001). Pteroyltriglutamic acid is a
conjugate form of PGA. Folic acid is the synthetic form of folate
and represents only a small percentage of naturally occurring folate.
Folate has a molecular structure represented by the formula
C19H19N7O6 (Hawkes & Villota, 1989). The folate molecule is made
up of a double aromatic ring of a pteridine attached to paraaminobenzoate and a glutamate. The ring is reduced to
dihydrofolate and tetrahydrofolate forms by the enzyme
dihydrofolate reductase. Tetrahydrofolate is involved in the
biosynthesis of DNA and RNA by providing methylene groups for
pyrimidine synthesis, formyl groups for purine synthesis, and
methyl groups in methylation (Garrow, James & Ralph, 2001).
Folate is an important vitamin that gained international recognition
because of its association with the prevention of neural tube defects
in babies. (Metz, Brandt & Stevens, 1962; Edelstein et. al., 1966;
Baynes et. al., 1986). Folate deficiency causes widespread
megaloblastic anaemia and often compounds already existing iron
deficiency anaemia (Dhur, Galan & Hercberg, 1991). Folate
deficiency is one of the commonest dietary deficiencies encountered
in clinical practice, ranking with deficiency of iron in frequency
(Chanarin, 1979). Deficiency of folate in the plasma eventually
leads to increased plasma homocysteine and a morphological
change in the precursors of red blood cells (megaloblasts) in the
bone marrow. Abnormally large cells with large nuclei are produced
which have the effect of raising the mean corpuscular volume
(MCV), leading to megaloblastic anaemia, with continued folate
deficiency. Manson’s Tropical Diseases describes folate deficiency
anaemia as a result of any of folate malabsorption, dietary
deficiency, drug-induced or high physiological demands as in
infancy, pregnancy and lactation (Fleming, 1996). Recent
indications have shown a link between low folate levels and an
increased risk of preeclampsia during pregnancy, which was found
to be higher amongst Black women than White women (Patrick,
2004).
Folate plays an important role of lowering high plasma
homocysteine, which is an important risk factor for cardiovascular
disease and stroke. Research has shown that high homocysteine
levels can damage arteries, making people more prone to heart
attacks, strokes and clogged arteries (Maryland Department of
Health, 1999). A moderate reduction in folate status causes an
elevation of plasma homocysteine. Therefore, regular doses of folic
acid (together with vitamins B6 and B12) are required for reducing
the incidence of homocysteine related heart disease (CDC, 2000).
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The vitamins of the B group (vitamins B6, B12 and folate) are known
to play a crucial role in protein and nucleic acid synthesis. Tang et.
al. (1997) have provided evidence that low vitamin B 12
concentration precede Human Immunodeficiency Virus (HIV) type
1 progression. There are very few studies available that have
examined the consequence of low folate concentration in HIV
infection, although it is recognized that folate deficiency may have
adverse effects on the immune system and neurological functions
in HIV infections (Boudes, Zittoun & Sobel, 1990), which is cause
for concern because of the very high levels of HIV and AIDS in
Zimbabwe.
Folate deficiency in an African diet has received some attention.
In Zimbabwe, Allain et. al. (1997) found that 30% of the elderly
people in the study had low folate levels, and were found to be
significantly lower in urban subjects than in rural subjects. The
study also showed the likelihood of vitamin B12 and folate
predominating over iron deficiency in Zimbabwe, with low folate
serum levels more common than vitamin B12. In South Africa, folate
deficiency and megaloblastic anaemia among pregnant Black
women has long been identified. The average daily folate intakes
for South African urban females and males were found to be 149
µg and 195 µg, respectively, while that of rural females and males
were found to be 107 µg and 110 µg, respectively (Steyn et. al.,
2001). The recommended daily intake (RDI) in South Africa is
400 µg for both men and women. Data from South Africa further
showed that the rates of neural tube defects (NTD) among the rural
Black population were very high (Bourne, 1997, Robertson et. al.,
1997). The overall incidence was 1 to 2 per 1000 newborn babies,
with a higher incidence of up to 6 per 1000 in some rural areas.
Taking the above into consideration, the objectives of the studies
reported here were:
i.
to produce mahewu under laboratory conditions and carry
out an analysis of total folate produced as a result of the
process.
ii.
to investigate conditions for enhancing total folate
production in mahewu in the laboratory, through
fermentation
iii.
to demonstrate the nutritional importance of mahewu as
a source of folate in a Zimbabwean diet.
2.

Material and Methods

2.1
Sources of Strains
Lactic acid bacterial strains for fermentation and folate assay studies
(Lactobacillus delbrueckii ATCC 9649; L. casei subspecies rhamnosus
ATCC 7469; L. plantarum ATCC 8014; L. bulgaricus (unidentified
strain number) and Streptococcus thermophilus (Strain Designation
TSI) were obtained from the Departments of Microbiology and Food
Science & Technology, University of New South Wales, Sydney
Australia.
2.2
Sources of Raw Materials
Two different types of maize meal were assessed on their suitability
for use in mahewu fermentation. White maize meal was obtained
from Tiger Milling Germiston South Africa. It was compared with
the yellow maize meal manufactured by Defiance Pure & Natural,
White Wings Foods, Australia, and purchased from a supermarket.
Wheat germ (Defiance Pure & Natural, White Wings Foods,
Australia) was compared with high protein wheat flour and with
whole crushed wheat (Galaxy Imports PTY. Ltd. Marickville,
Australia) for their suitability to use as the malt.
2.3

Traditional Fermentation of Mahewu (Uncontrolled
Fermentation)
Mahewu was prepared in the traditional way using the method by
Haard et. al. (1999). Maize and sugar were mixed in cold water to
a smooth paste, then added to boiling water in a pot on the stove
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and mixed well to break any lumps. The mixture was left to cook
for about 15 minutes with occasional stirring. When cooked, the
porridge was left to cool before the malt was added and mixture
thoroughly stirred. If necessary more water was added to produce
the correct consistency. The mixture was poured into a clean jar,
covered and placed near the cooking stove before being left to
ferment for 24 to 48 hours.
2.4
Laboratory Fermentation of Mahewu (Controlled
Fermentation.)
In the laboratory, mahewu was prepared using a modified industrial
method of production described by Holzapfel (1989), and
Holtzhausen (personal communication). Using a 2 L saucepan, 900
ml of water was brought to boil on a gas stove. In a separate
container, 60 g of maize meal was mixed with 20 g sugar and 20
ml water into a thin paste, which was added to the rapidly boiling
water and mixed into a thin porridge. The porridge was allowed to
cook for 15 to 20 minutes. While still hot, 200 ml of porridge was
measured out using a sterile measuring cylinder or graduated
beaker, poured into sterile metal beakers (fermentation vessels)
and covered with sterile lids. About 200 ml of the porridge
(unfermented mahewu) was preserved as the control. The porridge
was left to cool to handling temperature after which the inoculum
(malt or lactic acid bacterial culture) was added aseptically, and
the mixture thoroughly mixed using a sterile fork. Ten ml of this
was used to check the initial pH of the inoculated culture. Where
wheat malt was used as source of natural microflora, 6 g of malt
was added to the porridge to give a mahewu mixture with total
starch solids of 8%. Where lactic acid culture was used, 10 ml of
actively growing culture was added. The mixture was incubated at
30°C in an incubator and allowed to ferment for 24 hours. The
fermentation process was considered terminated when pH was less
than 4.
2.5
Extraction of Folate
Extraction of free folate (undeconjugated) was carried out on
fermented mahewu and unfermented mahewu (control), and on
raw maize meal, using a modification of the method by Arcot et.
al. (2002). Fifty ml of mahewu were placed into 250 ml conical
flask in which 50 ml of dilution buffer was added. The contents
were mixed thoroughly and about 1 ml of anti-form (octanol) added
to the flask. The flask was covered with aluminium foil and heated
at 100°C for 10 min in a water bath. The same was done for the
control using 10 g of maize in 75 ml buffer, with the final volume
made up to 100 ml in both cases. The flask was allowed to cool
and contents agitated to evenly disperse the particles. The mixture
was centrifuged at 10000 rpm using ultra centrifuge (Beckman
Instruments Inc.) at 4°C. The supernatant (10 ml aliquots) was
stored in small brown bottles at -20°C.
Total folate (deconjugated) was extracted using trienzyme method
according to method by Pfeiffer et. al. (1997) with minor
modifications. The pH of the undeconjugated sample was adjusted
to 4.5 using 4 M HCl. One millilitre of protease preparation was
added to 10 ml of extract in duplicate test tubes, mixed and
incubated at 37°C in a water bath, for 4 hours. At the end of the
incubation, the test tubes were placed in boiling water to inactivate
the enzyme, then cooled in cold water.
The extracts were further treated with 1.0 ml α-amylase preparation,
mixed and incubated for 4 hours at 37°C. The pH of the solution
was adjusted to 7.2 using 4.0 M NaOH. One ml of chicken pancreas
preparation was added, mixed and incubated at 37°C in a water
bath, for 3 hours. At the end of the incubation, the test tubes were
placed in boiling water to in-activate the enzyme, then cooled. Final
volume of the trienzyme extracts was noted. The extracts were
further centrifuged at 3500 rpm and supernatant stored in small
brown bottles in 10 ml aliquots, at -20°C.
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2.6
Preparation of Enzymes
Enzymes were prepared following the method by Rader et. al,
(1997) with minor modifications. The suspensions were centrifuged
at a higher speed (3000 rpm) than the speed reported in their method
(2000 rpm).
Chicken pancreas
Chicken pancreas (Difco) was prepared on the day of use by suspending
500 mg in 100 ml (5 mg/ml) of 0.1M Phosphate ascorbate buffer at
pH 7.8. The mixture was stirred for 40 to 60 minutes with a magnetic
stirrer before being centrifuged for 10 min at 3000 rpm. The supernatant
was decanted through a glass wool plug into a beaker and covered
with a parafilm and stored in the refrigerator.
Alpha-amylase
Alpha-amylase (EC No. 3.2.1.1), (SIGMA) from porcine pancreas,
was prepared on the day of use by suspending 1.0 g in 50 ml (20 mg/
ml) water. The mixture was stirred for 5 min with a magnetic stirrer
before being centrifuged for 10 min at 3000 rpm. The supernatant
was decanted through a glass wool plug into a beaker and covered
with a parafilm and stored in the refrigerator.
Protease
Protease solution (EC No. 3.4.21.62) was prepared by diluting 2 ml
of 50 mg/ml protease (subtilisin A) manufactured by Megazyne from
Bacillus licheniformis, in 50 ml water to make a concentration of 2
mg/ml. The solution was prepared on the day of use and stored in the
refrigerator.
2.7
Preparation of Folic Acid Standard
The standard solution for folate assay was prepared following the
method by Rader et. al., (1997), with minor modifications. Stock
solution of folic acid (Sigma or Roche) was prepared by dissolving
100 mg folic acid in 500 ml 0.01M NaOH in 20% ethanol (0.2 g
NaOH in 400 ml H2O and 100 ml absolute ETOH). This gave a
concentration of 200 µg/ml folic acid. The solution was stored frozen
in 1 ml aliquots in Eppendorf tubes.
Working standard solution (200 ng/ml) was prepared by diluting 0.5
ml of stock solution by making it up to 500 ml with H2O in a volumetric
flask, on the day of use.
Assay standard (1 ng/ml) was prepared by diluting 0.5 ml of working
standard solution by making it up to 100 ml with dilution buffer in a
volumetric flask, on the day of use.
2.8
Folate Assay
Total folate content of mahewu was determined using a
microbiological assay, following the method by Arcot et. al., (2002).
Sample extracts and enzyme blanks were diluted with the dilution
buffer to give a final folate concentration of 0.2 to 1.0 ng/ml. The
tubes were covered with plastic caps and autoclaved for 5 minutes
at 121°C then cooled quickly in cold water. With the exception of
the un-inoculated blank, all the tubes were inoculated with 50 µl
of the diluted L. casei culture prepared by diluting 0.5 ml of culture
from the thawed Eppendorf tube, with 50 ml of 0.85 % saline
solution. Contents of the tubes were mixed by vortex, covered with
plastic caps then incubated in a water bath at 37°C for 16 to 18
hours.
At the end of the incubation, the tubes were removed from the
water bath and placed on ice prior to reading the turbidity in a
spectrophotometer (Shimadzu UV – 1601 Visible) with the
wavelength set at 540 nm.
The folate concentration was obtained by interpolation from a
standard curve of average optical density values at 540 nm against
concentration of folic acid standard solution (1ng/ml). A regression
equation [y = a ln(x) + c] and R2 value were calculated from the
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plot. Folate concentration of the samples (ng/ml) was calculated
by fitting the optical density values into the regression equation.
The values were multiplied by the dilution factor and expressed as
µg folate per 100g mahewu.
Data were analysed using the Analysis of Variance (ANOVA) by
Statgraphics package (Statistical Graphics Corporation, 1993,
Manguistics Inc., USA). Least significant difference between
treatment means was determined by Duncan multiple range test
(DMRT). The p value less than 0.05 was considered to be
significant.
2.9
Mahewu Consumption
The level of consumption of mahewu among University students
as consumers, was assesses using a semi-structures questionnaire
(Appendix 1). A total of 100 questionnaires were distributed out
of which 77 responses were received.
3.

Results

3.1
Fermentation Process
Mahewu, produced under home-based uncontrolled fermentation,
was found to have acceptable organoleptic properties (texture, taste,
aroma, appearance) similar to the one produced in the laboratory
under controlled fermentation. Both white maize and yellow maize
produced mahewu with acceptable organoleptic properties.
Mahewu produced using maize meal and wheat malt had the most
acceptable properties of texture, taste, aroma, and appearance. A
comparison between wheat flour, wheat malt and crushed wheat
when used as malt, showed that the most acceptable properties
were obtained using wheat malt (Table 2), and was subsequently
used in all further experiments. Wheat flour produced mahewu
with an unacceptable raw flour taste and an unacceptable white
and slimy appearance. Whole crushed wheat produced good tasting
mahewu but the gritty consistence was unacceptable.
Uninoculated maize porridge (no culture, no malt) did not produce
mahewu. Inoculation with starter culture (simulating the industrial
method of production), produced an acceptable pleasant fermented
mahewu taste and aroma, but the thick viscous texture and white
colour were unacceptable.
3.2
Folate Production
Results showed a significant increase (p = 0.05) in both free and total
folate levels in mahewu through both fermentation methods, that is,
fermentation using laboratory culture or wheat malt as the inoculum
(Figure 3). Both fermentation methods showed a significant increase
in total folate content with the naturally fermented product having a
higher folate level than the control. Where LAB starter culture was
used, the increases in free and total folate levels were 26% and 83%
respectively. For wheat malt fermentation, the increases in free and
total folate levels were 31% and 126% with white maize, and 29%
and 79% with yellow maize, respectively. The folate content from
using yellow maize meal as a substrate was not significantly different
from that obtained using white maize meal.
3.3
Mahewu Consumption
Of the 100 University of Zimbabwe students surveyed (age group
19 – 22 years), over 33 % drink mahewu because they like the
taste only, and 80% prefer to do so for its taste in combination
with other factors. The findings are a contrast to those of an earlier
study by Mhloyi (1998) on the negative outcomes of socialization
processes in Zimbabwe, in which she found that 22% of rural
adolescents drink mahewu, whilst no adolescent in urban areas
reported drinking mahewu. The nutritional value of mahewu was
not given as one of the reasons either because consumers were not
aware of this, or they did not regarded this as a contributory factor
to their choices.
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Table 1: Properties of mahewu fermented using different substrates
Inoculum
Maize porridge + L. plantarum

Organoleptic Properties (24 – 48 hours)
Acceptable pleasant fermented mahewu taste and
aroma, unacceptable thick viscous texture,
unacceptable white colour
Acceptable thin texture, pleasant fermented mahewu
aroma, unacceptable raw flour taste, unacceptable white
and slimy appearance
Acceptable thin texture, pleasant fermented mahewu
taste and aroma, acceptable light brown colour
Unacceptable thick viscous gritty texture, fermented
mahewu taste and aroma
Acceptable thin texture, faint fermented mahewu
aroma, unacceptable raw flour taste, unacceptable white
and slimy appearance
Acceptable thin texture, pleasant fermented mahewu
taste and aroma, acceptable light brown colour
Unacceptable thick viscous gritty texture, fermented
mahewu taste and aroma
Unacceptable thick texture, bland taste and aroma
No fermentation

Maize porridge + L. plantarum + high protein wheat flour
Maize porridge + L. plantarum + wheat germ
Maize porridge + L. plantarum + whole crushed wheat
Maize porridge + high protein wheat flour
Maize porridge + wheat germ
Maize porridge + whole crushed wheat
Control (maize porridge only)
Sterility Control

Absorbance (540 nm)

0.700
0.600
0.500
0.400

Fig. 1

y = 0.3177Ln(x) + 0.7317
R2 = 0.9986

Folic acid calibration curve

0.300

Table
0.200 2: Percentage increase (on a dry weight basis) in folate levels after fermentation
0.100

a

Total folate b% increase cFree folate
(µg /100 g) (µg /100 g)

Sample
0.000
0.000

0.200

0.400

0.600

0.800

Mahewu using whiteFolic
maize
and
LAB
55±12a
acid
concentration
(ng/tube)
Mahewu using white maize
and malt
Series1

67±8
Log. (Series1)

b

b

% increase dMoisture
Content(%)

1.000

83

48±9 a

26

8.4

126

49±6b

31

9.7

Mahewu using yellow maize and malt

59±4ac

79

48±6 a

29

10.1

Control (Unfermented white maize mixture)

30±12

0

38±5

0

7.5

Control (Unfermented yellow maize mixture)

33±13

0

37±6

0

6.8

a

Values are mean +standard deviation of 5 representative determinations from two batches (for each fermentation condition).
Calculated by:
(concentration in fermented sample-concentration in unfermented sample) x 100
b

(concentration in unfermented sample)
Values are mean +standard deviation of 2 representative determinations from one batch (for each fermentation
condition)
d
Mean values of duplicate samples dried to constant weight in vacuum dryer for 36 hours. Moisture levels for
white and yellow maize mean are 13.8% and 11.9%, respectively.
Significant P < 0.05 (Student’s t-test)
c
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Folate concetration (m cg/100 g dry wt)
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unfermented
control white

unfermented
control yellow

Freel Folate

Fig. 2 Folate levels in mahewu samples
4.
Discussion
This study has demonstrated that although young people may enjoy
drinking mahewu, many of them are not aware of its nutritional
value, as illustrated by the result of the survey carried out among
the University of Zimbabwe students. The study also showed
significant increase in folate composition as a result of fermentation.
In view of this, its consumption should be encouraged as mahewu
can be regarded as a food that has both prebiotic and probiotic
properties. One of the challenges to this notion is the fact that
consumption of mahewu is regarded as a sign of poverty. Mhloyi
(1998) found out that there was a huge preference for Western
food, among the urban youths. However, further evidence showed
that 100% of adolescents in rural areas and 90% urban areas eat
sadza, Sadza is the staple stiff cereal food cooked using either
fermented or unfermented maize meal (sometimes millet or
sorghum) plus water, and is eaten with a relish. This means that
every Zimbabwean house-hold has the raw material to make
mahewu at any time of the year. Therefore, the low preference for
mahewu among the youth may be due to other factors, and not
because of their preference for Western foods.
The significant role of mahewu in Zimbabwean traditional nutrition,
although not documented, has long been recognized. It is not
unusual for mahewu to be consumed as the sole food during meal
times in times of hardships in family households. The mahewu
would be fermented using left-over sadza from the previous night
dinner, and consumed during lunch of the following day. But
because of various safety factors associated with this type of
mahewu production, its production on a large scale using the
traditional method has never been attempted, to the author’s
knowledge. Any study on the production of mahewu has to take
into consideration ways in which product safety and quality could
be improved, such as application of HACCP to African traditional
fermentation processes.
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The role of folate in prevention of neural tube defects and
megaloblastic anaemia has been discussed. In Zimbabwean
population where, it was noted, the consumption of vegetables and
fruits is very low, the consumption of mahewu and other fermented
foods should be encouraged as alternative folate food sources. It
is known in Southern Africa that consumers of opaque sorghum
beer are not in danger of developing pellagra (Stienkraus, 2000),
as African beer is a good source of niacin. Some of the nutritional
benefits of fermented foods in general are that they improve
digestion by improving gut microflora. The fermentation process
is also known to improve bioavailability of nutrients and reduce
mycotoxin contamination, especially in cereal foods.
Mahewu is a food drink that can be easily swallowed. It would
find a suitable application as additional food for HIV/AIDS patients
with throat infections. In view of its increased folate level, mahewu
should be described as a functional food that may help to provide
healthy living. This information could see a reverse in the popularity
of mahewu in Zimbabwe, especially amongst the youth.
Conclusion
Mahewu, a simple African beverage, has the potential of changing
the way traditional foods are viewed in Zimbabwe. This study has
demonstrated that mahewu can be fermented under laboratory
conditions and that fermentation conditions can be varied so as to
produce mahewu with the most acceptable organoleptic properties.
The folate levels in mahewu can be assayed using the
microbiological method. Mahewu can well be considered as a preand probiotic food in a typical African diet, and should play a more
significant role in public health nutrition.
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Reasons for consumption of mahewu

The study should provide a basis for future work such as in
designing any future Food and Nutrition Policy for Zimbabwe.
Such policy would need to formally incorporate indigenous or
traditional foods. Further studies on mahewu could look at
biochemical changes in mahewu during fermentation, including
the role of enzymes in the malt and the effect of pH, substrate
concentration and temperature on the total folate produced.
Investigations should be carried out on the composition of other
vitamins produced through fermentation in mahewu besides folate,
and ways of enhancing their concentration.
Other related areas of further research could look at:
i.
folate deficiency and prevalence of HIV/AIDS
- is there a connection?
ii.
folate deficiency among the elderly people. This
is a risk group that is not considered a priority for targeting of
nutrition interventions in Southern Africa, according to Charlton
& Rose (2001).
iii.
developing reference data for use in monitoring
levels of folic acid in natural foods, traditional
foods and fortified foods in Zimbabwe.
iv.
developing accurate materials and methods for
assessing folate levels in Zimbabwe, which
would provide Public Health and Clinical
Laboratories with reliable and standardized
measurements needed to assess risk factors
associated with adverse health outcomes such
as megaloblastic anaemia, and disabling
conditions such as vascular disease and neural
tube defects.
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APPENDIX 1: INVESTIGATION ON THE CONSUMPTION
OF MAHEWU
RESULTS OF THE QUESTIONNAIRE.
Population Size: 100 University of Zimbabwe Students and
Staff
1.

Do you know the traditionally fermented drink called
mahewu?
Total response: 77 out of 100; Yes Answer: 77; No Answer: 0

2.

Do you like the drink?
Yes Answer: 60 out of 77

3.
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No Answer: 17 out of 77

If yes, what is it you like about it?
Appearance
Taste
Aroma
Refreshing
Part of my culture
Taste & Aroma
Taste & Aroma & refreshing:
Taste & Aroma & part of my culture
Taste & refreshing
Nil – other reason not given
Taste & refreshing & part of my culture
Taste & part of my culture
Aroma & refreshing
All 5 reasons
Totals:

1
20
4
1
3
3
6
1
8
1
4
5
2
1
60

4.

Any other reason for liking it?
Natural
Easy to prepare
Healthy
Nutritious
Energize
Tastes like traditional beer
Filling
Satisfy hunger
Used to it since childhood
Cultural obligations
Complete food on its own
Mouth-feel
Traditional food
Sour taste

5. How often do you consume it?
Yes Answer:
Never, I do not like the stuff
Rarely, only when offered by somebody else
Regularly, I sometimes buy or make it
Frequently as part of my meal
Total:

0
17
41
2
60

No Answer:
Never, I do not like the stuff
Rarely, only when offered by somebody else
Regularly, I sometimes buy or make it
Frequently as part of my meal
Total:

6
11
0
0
17

6. If you do not like mahewu, what is it about mahewu that
you do not like? (mark I to 5, 1 being the worst).
Appearance
4
Taste
7
Aroma
3
How it is prepared
3
Sign of poverty
0
Total:
17
7. Any other reason for disliking it?
Never was exposed to it
Too sweet
High viscosity
Mouth-feel
Association with spoilt food
Non alcoholic, no alcohol
Added flavour too strong
Imitation beer
Slimy and slippery
Expensive
8. Name any other Zimbabwean traditionally fermented food
or drink, besides mahewu
Know Examples:
63
Do not know examples:
14
Total:
77
Key words: fermented milk, bacteriocins, natural antimicrobial
systems
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1.0
Introduction
Fermented foods are widely consumed worldwide (IDF, 1995). In
Zimbabwe, both naturally fermented and commercially produced
fermented milks are popular with consumers. Zimbabwean naturally
fermented milk (NFM) is produced and consumed as a weaning
food, a refreshing drink or with other food products thus constituting
an important part of the diet (Mutukumira et al., 1995). Fermented
milk produced commercially using starter cultures of known
properties may have both natural preservatives and flavour
additives and this is consistent with other dairy processors from
other regions. Consumption of fermented products has many
advantageous attributes such as nutritional value, digestibility,
therapeutic benefits, and safety against pathogens (Mutukumira et
al., 1995).
Naturally fermented milk is produced by the spontaneous
fermentation of raw milk at ambient temperatures of around 250C.
A variety of microorganisms including lactic acid bacteria, yeasts
moulds and coliforms are responsible for the fermentation (Gadaga,
2000a, Gran et al, 2003) As a result, the fermentation process and
product quality are very difficult to control and the product quality
is highly variable. However, despite the inconsistent quality of the
products, naturally fermented milk is apparently considered to be
more organoleptically superior and more popular than similar
commercial products in Zimbabwe (Mutukumira, 1996; Feresu and
Muzondo, 1989). The main difference between the two types of
milks is presumed to be the type of microorganism responsible for
milk fermentation resulting in different types of flavour compounds.
There is a need to develop suitable starter cultures in order to come
up with novel products that may capture the desirable attributes of
naturally fermented milk. In addition, use of starter cultures will
improve the product quality.
Fermented food products are usually considered safe because of
the low pH and production of antimicrobial substances by
fermenting organisms. However, it has been shown that some
pathogens such as E. coli 0157:H7, L. monocytogenes and S.
enteritidis survive and grow substantially in fermented milks
(Farber, 1991). Mortality and morbidity rates of diarrhoea diseases
are highest in infants below the age of one and especially during
the period that weaning foods are introduced to supplement and to
succeed breast-feeding (Nout et al., 1989). The safety of fermented
milk products therefore becomes a major public health issue,
especially when infants consume the product as a weaning food.
Lactic acid bacteria isolated from Zimbabwean fermented milk
products have shown to produce fermented milk products that are
acceptable and may be commercially viable (Mutukumira, 1996).
However the safety of these cultures has not been studied. It would
be desirable to use starter cultures, which are adapted to
fermentations that are performed under traditional conditions. Use
of starter cultures with the potential to produce inhibitory factors
such as bacteriocins, diacetyl and hydrogen peroxide, would result
in improved safety of fermented products (Olsen et al., 1990;
Russell, 1982). The objective of the present study therefore, was
to assess the safety of fermented milk products produced using
pure lactic acid bacteria cultures and a combination of yeast and
lactic acid bacteria isolated from Zimbabwean traditional fermented
milk.

2.0

Materials and Methods

2.1
Sources of Microorganisms
A pure culture of Candida kefyr (23), originally isolated from
Zimbabwean traditional fermented milk was obtained from The
Institute of Food Nutrition and Family Sciences (IFNFS),
University of Zimbabwe. The culture was stored on yeast extract,
malt extract (YM) agar slants at 5 oC. The lactic acid bacteria strains
Lactococcus lactis subsp. lactis biovar. diacetylactis C1 and L.
lactis subsp. lactis Lc261 were also obtained from the IFNFS
culture collection. The DL was obtained from Christain Hansen
(CHR, The Netherlands) as a freeze-dried culture.
The pathogens, Escherichia coli 3339 and Salmonella enteritidis
949575, previously isolated from clinical samples were obtained
from CIMAS Medical Chambers Bacteriology Laboratories,
Harare, Zimbabwe. The pathogens were maintained at 5 oC on
MacKonkey agar plates (Oxoid).
2.2
Source of raw milk
Raw milk was collected from a farm in Harare and analyzed within
3h of collection.
2.3
Resuscitation of yeasts
The yeast culture was revived by inoculating (1%) of yeast in sterile
yeast extract-malt extract broth (10 ml) and incubating at 250C for
48 h. The yeast strain (0.1%) was further inoculated into fresh
sterile yeast extract-malt extract broth (10 ml) and incubated for
48 h at 25 °C. The yeast was sub-cultured by inoculating (0.1%)
into sterile reconstituted skim milk (Ovoid) and incubated at 25 oC
for 48h.
2.4
Resuscitation of Lactic Acid Bacteria
A small portion of the freeze dried L. lactis subsp. lactis biovar.
diacetylactis C1 was aseptically suspended into MRS broth (1 ml).
This mixture was then aseptically transferred to another tube
containing MRS broth (10 ml) and incubated at 30 °C for 24 h.
Similarly, a small portion (1 ml) of the thawed Lc261 culture was
then added to another tube containing MRS broth (10 ml) and
incubated for 24h at 30°C. The revived cultures (1%) were
inoculated separately into 10 ml of sterile reconstituted (10%, w/
v) skimmed milk and incubated at 30°C for 18 h prior to use.
2.5
Resuscitation of DL culture
The DL starter culture (0.2 g) was suspended in sterile MRS broth
(10 ml) and incubated at 30 oC for 24h. The actively growing DL
starter culture (1%) was then inoculated into sterile reconstituted
skim milk (10%, w/v) (Oxoid) (10 ml) and incubated at 30 oC for
24 h.
2.6
Resuscitation of Escherichia coli
A loopful of pathogenic E.coli was picked from the MacKonkey
plates and inoculated into sterile nutrient broth (10 ml). This was
further transferred (5%) into sterile reconstituted skimmed milk
(10%, w/v) (Oxoid) (10 ml) and incubated at 37 oC for 24 h.
2.7
Resuscitation of S. enteritidis
A loopful of pathogenic S. enteritidis was aseptically inoculated
into sterile nutrient broth (9 ml). This was further transferred (5
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%) into sterile reconstituted skimmed milk (10%, w/v) (Oxoid)
(10ml) and incubated at 37 oC for 24 h.
Inoculation of starter cultures into Ultra High Temperature ( UHT)
milk
UHT milk was bought from a local supermarket in 500 ml Tetrapak
cartons. A portion of the milk (50 ml) was aseptically transferred
into 100 ml sterile bottles (10 minutes). The steamed milk samples
were cooled to ambient temperature and inoculated using actively
growing starter cultures of lactic acid bacteria (1% ) and yeast
(0.1%), singly or in combination. The single and paired
combinations of the starter strains that were used were:
 L. lactis subsp. lactis biovar. diacetylactis C1 alone.
 A combination of L. lactis subsp. biovar. lactis.
diacetylactis and Candida keyfr 23, (C1/Y23).
 L. lactis subsp. lactis Lc261 (Lc261), alone.
 A combination of L. lactis subsp. lactis Lc261 and
Candida keyfr 23, (Lc261/Y23).
Actively growing pathogenic cultures of E. coli and S. enteritidis
were then separately added into inoculated milk to give initial
approximate pathogen counts of about 7 log cfu / mL. The samples
were then incubated at 25 oC for 48 h.
The control was UHT treated milk inoculated separately with E.
coli and S. enteritidis. Sub samples were taken at the following
time intervals; 0, 6, 12, 18, 24, and 48 h, and tested for viable cell
counts of E. coli, S. enteritidis, yeast, lactic acid bacteria. They
were also analyzed for pH, and titratable acidity.
2.8

Inoculation of Pathogens into Pre-fermented UHT
Milk
The fate of pathogens in pre-fermented milk was also studied. UHT
was prepared as previously described and fermented at 25 oC. The
fermented milk was then inoculated with pathogens in the same
manner as previously described. Subsamples were then taken at
the following time intervals, 0, 6, 12, 18, 24, and 48 h, and tested
for viable cell counts of E. coli and S. enteritidis.
2.9
Inoculation of E. coli and S. enteritidis into Raw Milk.
Raw milk (50 ml) was aseptically transferred into 100 ml sterile
screw-capped bottles and the bottles were separately inoculated
with actively growing milk inoculated separately with E. coli and
S. enteritidis. Sub samples were taken at the following time
intervals; 0, 6, 12, 18, 24, and 48 h, and tested for viable cell counts
of E. coli, S. enteritidis, and yeast and lactic acid bacteria.24 h
broth cultures of E. coli and S. enteritidis to give initial viable cell
counts of approximately 7 log cfu/ml. This was followed by
incubation at 25 oC for 48 h. The control was UHT milk inoculated
separately with E. coli and S. enteritidis. Sub samples were taken
at the following time intervals; 0, 6, 12, 18, 24, and 48 h, and
tested for viable cell counts of E. coli, S. enteritidis, and yeast and
lactic acid bacteria.the sub samples were also analyzed for pH,
and titratable acidity.
2.10
Inoculation of E. coli and S. enteritidis into Prefermented Raw Milk
Raw milk was prepared as previously described and fermented at
25 oC for 48 h. The fermented milk was then inoculated with
pathogens in the same as previously described. Subsamples were
then taken at the following time intervals:0, 6, 12, 18, 24, and 48
h, and tested for viable cell counts of E. coli and S. enteritidis.
2.11
Enumeration of E. coli and S. enteritidis
Both E. coli and S. enteritidis were enumerated on MacKonkey
agar (Oxoid). Appropriate dilutions (0.1 ml) of fermented milk,
were spread plated in duplicate on MacKonkey agar to give 30300 colonies per plate and incubated at 37 oC for 24 h.
2.12
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Enumeration of Yeasts
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Yeasts were enumerated by spread plating (0.1 ml) approximate
dilutions of the fermented milk on yeast extract glucose
chlomphenicol agar (YGCA)(IDF, 1990). The plates were
incubated at 25 oC for 48 h.
2.13
Enumeration of Lactic Acid Bacteria
Appropriate serial dilutions of fermented milk were enumerated
by pour plating (0.1 ml) on sterile MRS (de Mann-Rogosa-Sharpe)
agar (Oxoid, England). The plates were incubated at 30 oC for 24
h
2.14

Preparation of Concentrated Supernatant for Agar
well Diffusion Assay for Inhibition Assay.
An 18 h MRS broth culture of Lactococcus lactis subspp. lactis
biovar. diacetylactis C1 or in combination with a 48 h broth culture
of Candida kefyr 23 were inoculated into 50 ml of sterilized
reconstituted skimmed milk and inoculated for 18 h at 37 oC for
pathogens and at 30 oC for lactic acid bacteria and yeast. The
supernatant was obtained by centrifuging at 3500 rpm for 10
minutes in a Hermile ZK236 centrifuge (Hermile GmbH and Co,
D. 7209, Gosheim, German). The clear supernatant was filtersterilized (0.22 µm micro filter, Sigma). A portion of sterilized
cell free filtrates (CFF) was transferred aseptically into sterile
bottles, while a portion (5 ml) was heated at 121 oC for 15 min.
The final CFF was neutralized to a final pH of 6.8 using 0.1 M
NaOH and then filter sterilized as described by Reddy and
Ranganathan (1983). The final filtrate was tested for antimicrobial
activity using the modified Agar Well Diffusion Assay (AWDA)
(Singh and Laxminarayma, 1973).
2.15
Agar Well Diffusion Assay (AWDA)
Petri dishes with 10 ml MacKonkey agar were prepared, previously
inoculated with 0.1 ml of an 18 h nutrient broth culture of E. coli
and a selenite broth culture of S. enteritidis. Once solidified, the
dishes were stored for 2 h in a refrigerator. Wells of 5 mm in
diameter were then made using a sterile metallic borer and filled
using 50 µL of the following:
(a) Cell- free filtrate (CFF) of C1 and C1/Y23
(b) Heated CFF (15 min at 121 oC), and
(c) Neutralized CFF (pH 6.8)
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Figure 1a. Growth of E. coli in UHT milk fermented with
Lactococcus lactis subsp. lactis, biovar. diacetylactis C1 alone (¼%-)L. lactis subsp. lactis Lc261 alone (-Ï%-), C1 grown with
Candida kefyr 23 (-²%-), Lc261 growth with C. kefyr 23 (-¨-), DL
culture (-¡%-), and in naturally fermented milk (-”-) over 48h.
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Changes in E. coli counts (- %-) in the control sterile milk were
included

Changes in S. enteritidis counts (- %-) in the control sterile milk
were included

The inoculated plates were left for 1 h to allow the filtrate to diffuse
into the agar, and then incubated for 24 h at 37 oC and the diameter
of the inhibition zone was measured with a pair of calipers. The
results were expressed in millimetres (mm), with the hole diameter
of 5 mm being deducted. The results are presented as the means of
duplicate tests.

Lactococcus lactis subsp. lactis biovar. diacetylactis C1 showed
greater potential to produce a safer fermented milk product than
the other cultures used in this study. It was able to inhibit the
growth of both strains of E. coli and S. enteritidis used in the study.
In comparison, spontaneously fermented raw milk (NFM) showed
very poor ability to reduce the growth of pathogens, which grew to
high levels especially in the first 24. This shows that naturally
fermented milk (NFM) can expose people especially the young to
fatal poisonous agents. This confirms the work earlier done by
Feresu and Nyathi (1990) where they showed that some strains of
pathogenic E. coli strains could survive in both traditionally
fermented milk and in pasteurized milk to high numbers and such
strains become resistant to antimicrobial agents. The presence of
enteropathogenic E. coli in dairy products and particularly in
naturally fermented milk (NFM) as demonstrated by the failure of
spontaneous mixed starter culture (NFM) and DL starter culture to
significantly reduce pathogens to safe levels, is of public
significance (Gilliland and Speck, 1972; Frank et al.,
1977).Therefore, the contamination of fermented milk products
with pathogens may result in unsafe products. The effects of the
resulting hazard can be more serious among infants when NFM
such as amasi is used as a weaning food. Use of starter cultures
that impart safety to fermented foods is therefore vital especially
to foods like amasi, ergo, creams and mahewu, which are
traditionally consumed without any, heat treatment before, during
and after fermentation (Black et al., 1982).

2.16

Chemical Determination of Tititratable Acidity

Acidity was expressed as % lactic acid by weight (1mL of 0.1N
NaOH=0.009g of lactic acid).
% Acidity= (ml of NaOH)*(N NaOH)*9/Weight of sample

2.17
Statistical analysis
Performing one-way analysis of variance on the replicates, at 95
% level of significance using the Minitab statistical programme,
compared the samples.
3.0
Results and discussion
All results are expressed as the mean values from independent
triplicate trials except for the agar well assay where duplicate trials
were done. Unless otherwise stated, significant results refer to
p<0.05.
In all the trials, C1, Lc261 and DL grew in the milk to a maximum
populations of about 9.2, 8.9 and 8.8 log cfu / ml after 24 h,
respectively. The lactic acid bacteria in spontaneously fermented
raw milk grew to maximum population of about 8 log cfu / ml over
48 h. Similarly in all the trials C. kefyr 23 in combination with C1
and Lc261 grew in UHT milk to a maximum population of about
7.5 and 7.4 log cfu / ml after 24 h, while in naturally fermented
raw milk, the yeasts only grew to a maximum population of about
7 log cfu / ml after 24 h.
11.8
11.0
10.2

E. coli and S. enteritidis counts in milk produced by DL culture,
NMF, and Lc261 remained high throughout the fermentation
process. The significance of survival
105-108 of such high
numbers especially of enteropathogenic E. coli are known to
produce diarrhoea symptoms in adults (Northolt, 1984). Of major
concern are the foods that are prepared for infants are often heavily
contaminated with enteropathogens (Black et al.,1982) and the
problem may be further aggravated if such foods are stored at
temperatures that support rapid multiplication of the
enteropathogens.

9.4
Pathogen count (Log CFU/mL)

Both pathogens maintained relatively high numbers in the early
stages of fermentation process. E. coli and S. enteritidis had mean
counts of 9 and 8.5log cfu / ml respectively after 18 h at 25oC. The
results under this study suggest that a pathogen with the highest
count in the early stages of fermentation has the least susceptibility
to inhibition by microbial substances that are produced during the
metabolic processes of the starter organism. This is in agreement
with earlier work done by Feresu and Nyathi (1990), where it was
observed that strains that reach high numbers early in fermentation
become more resistant to acid conditions. Frank and Marth, (1977),
also observed a similar trend in their work on the survival of
enteropathogenic E. coli during production of Camembert cheese.
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Figure 1b. Growth of S. enteritidis in UHT milk fermented with
Lactococcus lactis subsp. lactis, biovar. diacetylactis C1 alone (²%-), L. lactis subsp. lactis Lc261 alone (-Ï%-), C1 grown with
Candida kefyr 23 (-¼%-), Lc261 growth with C. kefyr 23 (-♦-), DL
culture (-¡%-), and in naturally fermented milk (-”-) over 48h.

In order to assess the fate of the pathogens if contamination occurs
after fermentation (48 h) (post fermentation contamination), the
pathogens were inoculated into previously fermented milk. E. coli
and S. enteritidis showed less ability to survive but all the same
posed a risk in DL culture and NFM. In these two products, both
pathogens especially E. coli continued to increase to population
numbers of 8 log cfu / ml and this was against the background that
the final pH for DL and NFM fermented milk was averaging 4.4
after 48 h. It has been observed in this study that the pathogens do
survive at very low pH value. This observation is in contrast to the
belief that acid foods are safe foods but however, it concurs with
what Farber (1991) found, that some pathogenic E. coli 0157:H7,
L monocytogenes and S. enteritidis grew substantially in fermented
milks because they have the ability to survive and proliferate at
low pH values ranging from 2. to 4. However in the study, C1
inhibited both pathogens despite their ability to remain viable under
acidic conditions observed during the study
155
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Figure 2. Growth of S. enteritidis in UHT milk fermented with
Lactococcus lactis subsp. lactis, biovar. diacetylactis C1 grown
with Candida kefyr 23 (-²%-), L. lactis subsp. lactis Lc261 growth
with C. kefyr 23 (-Ä%-), DL culture (-”-), and in naturally fermented
milk (-♦-) over 48 h.
Although it has been pointed out that contamination of fermented
foods can occur after fermentation, and that resistant pathogens
grow and proliferate in high acid foods, it has been observed that
C1 culture may offer protection against food borne pathogens. In
this study C1 reduced the counts both pathogens to levels below
the detection limit used in this study. The level of inhibition
observed in this study cannot be entirely explained by the effect of
acid alone (Reinheimer et al., 1990). For example, although the
final pH during fermentation with both C1 and Lc261 was about
4.4, C1 reduced the final populations of both E. coli and S.
enteritidis to significantly lower numbers than Lc261. This suggests
that other modes of inhibition may be possible such as the effect of
bacteriocins and hydrogen peroxide
The antimicrobial activity of lactic acid and other organic acids in
general may be involved in the level of inhibition that was observed
in this study. The C1 strain is a fast acid producing strain because
it took only 12 h to coagulate the milk and a final pH of 4.3 was
observed after about 24h. A pH value of 5 is known to cause the
cessation of fermentation process and the hydrogen ion
concentration becoming growth limiting at pH 5.0 (Spillmann, et
al.,1995). In contrast, the C1 starter cultures appeared to be robust
against the limiting factors and continued to produce acid post
48h fermentation period. This corresponded well to high mean
terminal levels of lactic acid of about 1.37%. This observation
concurs with previous work by Mutukumira, (1996 ), where it was
reported that Lactococcus lactis subsp. lactis biovar. diacetylactis,
C1, coagulated milk in about 12h of fermentation at 25oC. Thus
use of such a strain will hasten the fermentation process and increase
the initial shock of acid conditions on pathogen cells and shorten
their survival in fermented milk products. In contrast to C1 and
C1/Y23 cultures, NFM acid production was slow and coagulation
of milk took about 24h. This may explain the inability of the
spontaneous mixed culture in NFM to significantly reduce the
pathogens such as E. coli compared to optimized lactic starter
cultures such as C1. In addition, slow acid production slows the
fermentation process consequently reducing the attainment of
sufficient intensities of acid that is necessary to give pathogenic
cells the initial acid shock and shorten their survival in fermented
milk products.
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Mutukumira (1995) reported that the main purpose of lactic acid
bacteria in dairy fermentations is to produce lactic acid. The level
of lactic acid inoculum of 1% that was used resulted in a
significantly higher count of lactic acid bacteria in UHT than in
NFM. UHT milk received two heat treatments, firstly during its
industrial preparation and secondly, when it was steamed for 10min
before use. This observation supports earlier findings of Dutta et
al., (1973), where it was shown that heated milk supported better
bacterial growth and increased production of metabolites such as
lactic acid. High lactic acid bacteria positively correlates well
with maximum amount of lactic acid obtained in C1 cultured milk
at the end of the 48h fermentation period. The least amount of
lactic acid of 0.3 % observed in naturally fermented milk (NFM)
also corresponded with low counts of lactic acid bacteria observed
during early stages of the fermentation. According to work done
by Mutukumira, (1996) raw milk , should have titratable acidity
(expressed as lactic acid) below 0.18 %. Our observation in raw
milk of 0.3 % lactic acid may be attributed to delays encountered
before milk samples were analyzed. However, a higher initial level
of lactic acid of more than 0.18 % should have worked in favour
of NFM in giving the initial acid shock and inhibit the pathogens.
This did not happen and may suggest that other inhibitory
compounds working synergistically to eradicate pathogens may
be involved. For example, Frank and Marth, (1972) showed that
the amount and speed of acid production are known to affect the
survival or inactivation of coliforms. In addition, slow rate of acid
production especially during early stages of fermentation have a
positive effect on the growth and proliferation of the pathogens. It
has been observed in the study that the period when more lactic
acid was produced corresponded to the period when pH levels fell
rapidly.
The inclusion of yeast did not have a significant effect on the level
of inhibition shown by the lactic starter cultures (fig: 1a and b),
however, their inclusion is vital for the development of milk flavour,
an important property for dairy starter cultures. Their growth in
milk has been attributed to the ability of the yeast to utilize milk
constituencies such as proteins, fat, lactose and citrate (Marshall,
1987). The yeasts are also known to stimulate the LAB through
the production of carbon dioxide, succinate, propionate and
pyruvate.
Antimicrobial activity was recorded in CFF of C1 and C1/Y23.
This suggests that the acid produced and possibly other compounds
were responsible for this. Neutralizing the CFF extracts caused
the inhibition to disappear indicating that the inhibition could have
been due to acid and or other compounds that are capable of this
activity only at low pH. It was not possible to ascribe the
antimicrobial activities to only acid, but also to rate of acid
production. Contrary to this observation, Reinheimer et al., (1990),
showed that CFF obtained from Lactococcus strains that have the
ability to produce antimicrobial compounds such as hydrogen
peroxide should show a small remaining zone of inhibition after
neutralizing the CFF to pH 6.8. Further work may explain this
discrepancy. In addition, heating the CFF filtrate for 15 min at
121 oC did not remove the antimicrobial inhibition of pathogens
(Table 1). This indicates that the antibiotics are more resistant to
high temperature. This observation concurs with results of earlier
workers who reported on the production of antibiotics in different
strains of Lactobacilli species and identified a bacteriocin called
acidolin as a very acidic, very stable to heat (1210C for 15 mins),
and at low pH, non-toxic to tissue cultures and active against a
wide range of organisms (Hamdan and Mikolajcik, 1985).
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The use of bacteriocin producing starter cultures such as C1 may
provide a natural means of preservation of fermented foods in
Zimbabwe where high incidence of food spoilage due to poor
hygiene have been observed

1.4
1.2

Some of the problems involved in the present effort to evaluate the
ability of lactic acid bacteria to inhibit pathogens have been
encountered. For instance there is need to modify the agar used in
assaying of the bacteriocins in order to allow easy diffusion of
bacteriocins. More so, specific and possibly advanced
complementary methods like SDS-PAGE should be used for
quantitation of bacteriocins

1.0
% Lactic Acid
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Variations in the ability to inhibit pathogens may occur, but use of
potential starters such as C1 with capability of producing significant
amounts of antimicrobial substances would impart safety of
fermented dairy products. It is recommended to do further
investigations on other biotechnological parameters such as
antimicrobial spectrum of antimicrobial substances, hydrogen
peroxide and diacetyl produced by C1
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Figure 3. Changes in percent lactic acid, in presence of E. coli in
UHT milk fermented with Lactococcus lactis subsp. lactis biovar.
diacetylactis C1 (-Ï%-), alone, L. lactis subsp. lactis Lc261 alone
(- -), C1 grown with Candida kefyr 23 (-♦-), Lc261 growth with
C. kefyr 23 (-∇-), DL culture (-²%-) and in naturally fermented
milk (NFM) (-¼%-) over 48 h. % Lactic acid changes in control
sterile milk (- %-) were included.
Table 1: Antibacterial activity of lactic cultures against
pathogenic E.coli and S. enteritidis

Most rural communities ferment milk traditionally, however the
problem of foodborne illness persists especially diarrhea. Use of
liquid starter cultures is not a good idea for them since special
refrigeration facilities are required. Use of dried starter cultures
and the appropriate technology that goes with it should be
researched on. This research proposes the lyophilisation of the lactic
acid bacteria and its packages in small sachets, which are then
sold to rural communities through small dairy farmers association.
Lactic acid bacteria play an important role in dairy fermentation.
In addition, it prevents the proliferation of health-threatening
microorganisms, especially food borne pathogens. This indicates
that the use of an excellent acid producer like C1, dictates not only
the quality of fermented product, but also influences its safety.
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DIAGNOSIS OF HELICOBACTER IN THE NEW ERA OF PANDEMICS
Patience S. S. Mandisodza, Zimbabwe Open University, Faculty of Science, 87-89 Kwame Nkurumah Avenue, Harare

1.0
Introduction
Helicobacter pylori, particularly, has been linked with active
chronic gastritis, peptic ulceration, and gastric neoplasms (gastric
adenocarcinoma and gastric [type B) MALT lymphoma) in humans.
(1) It is associated with up to 95% of duodenal and gastric ulcers
and with the development of gastric cancer and gastric MALT
lymphoma. The International Association of Research on Cancer
(IARC) has classified H. pylori as a class 1 carcinogen. (2) H.
pylori infection is also associated with non-ulcer dyspepsia, though
its role in this condition remains controversial. Although a
substantial portion of the human population is colonised with H.
pylori, the patterns of transmission of the organism remain in doubt,
(3) and reservoir hosts have not been easily identified (4). The
bacterium is common and is recognised as an important cause of
morbidity and mortality.
H. pylori is a gram-negative, microaerophilic bacterium that
colonises the human stomach. Considering that gastroduodenal
diseases represent about 80-90% of clinical cases attended to at
most healthcare facilities, especially in developing countries, the
eradication of this bacterium is therefore very imperative in
improving the health of the populations in these countries. As such,
the role of Helicobacter in the pathogenesis of the gastroduodenal
diseases is very crucial in the diagnosis, treatment and management
of related pathologies.
2.0
Why diagnosis in the new era of pandemics?
In most developing countries, diagnostic techniques are still limited
to X-ray and the usual biochemical tests (4) .In addition, the
laboratory staff are challenged in diagnosis due to insufficient,
inadequate, or malfunctioning equipment. This translates into how
results are interpreted and translated into treatment schedules for
the disease concerned. Furthermore, much of the equipment in
developing countries is outdated and constantly breaking down
such that reliability of results is very questionable. Coupled to this
scenario is the ever decreasing budgetary allocations for staff
development and training in the developing countries. Most staff
were trained in the City & Guilds schools which gave priority to
advanced techniques. Such aid and training programmes have since
been localized or phased out. Moreso, most donations from
developed nations have ceased particularly where political
indifferences are rife. The absence of bilateral and multilateral
packages that facilitate local, regional and international
collaboration, especially technology transfer, are all being
sabotaged by political upheavals in most countries, south of the
Equator.
Of major concern is the emergence of linkages between bacterial
infections and previously environmentally-caused diseases. Gastric
carcinoma, one of the most prevalent human cancers worldwide,
is among the neoplasms for which epidemiological evidence of
environmental causes is strongest. The exact nature of these
environmental causes was obscure until mounting evidence recently
linked chronic infection of the gastric antrum mucosa by
Helicobacter pylori, (a microaerophilic, gram-negative, spiral
bacterium) with elevated cancer risk (48) It is now recognized
another human cancer, gastric type B lymphoma of mucosaassociated lymphoid tissue is also closely linked to gastric H. pylori
infection, and eradication of the infection with antibiotics can result
in regression of the lymphoma (49). This startling finding has
stimulated intense interest in the genus Helicobacter and related
organisms; as a result, additional species of Helicobacter are now
frequently isolated and characterized from many non-human hosts.
However, until 1994, only H. pylori was known to be associated
with tumour development, in humans or in any other animal species.
It is probable that many deaths previous to this discovery may
have been attributed to Helicobacter species infections. Given this
background, it is evident that accurate diagnosis of the infections

associated with Helicobacter be made to prevent loss of much hardto-come-by incomes, especially in developing countries, and reduce
general malaise of infected populations.
In this light, therefore, the challenges that healthcare facilities face
in being able to accurately diagnose, treat, manage and prevent a
disease are ever increasing. Hence the title of the paper – diagnosis
of Helicobacter in a new era of pandemics.
3.0
What is Helicobacter?
Helicobacter is a genus now comprising of close to 19 different
species, most of these colonizing animal hosts. The human
colonisers have been found to be H. pylori, H. heilmannii (formerly
Gastrospirillum hominis), and H. felis in some cases. In
zoonotically-acquired Helicobacter, the species such as H,
bizzezoronni (dogs); H. muridarum (cats, hamsters); H, bilis, H.
hepaticus, (rats, mice), H. suis (pigs), H. suviata (sheep); H.
pullorum (chickens) and H. macaque-nemestrinae (monkeys) have
been found colonizing some human hosts.
Given that new species are being constantly identified, the genus
has important implications to human health and disease control.
Firstly, in developing countries, serological screening has shown
that as much as 80 – 90% of the populations harbour Helicobacter
in their stomachs (5). Yet, only 30-45% of the infected individuals
express the symptoms of the disease. The constant visitations to
healthcare facilities for the treatment of related pathologies to this
infection have not been documented, but it can be assumed that
the costs of treatment and repetitive complaints can be quite high.
Consequently, a situation of close to 100% prevalence might prevail
if the infection goes untreated and undetected in most cases.
Secondly, gastroduodenal diseases form the largest group of
admissions into healthcare facilities the world over. The association
of gastric cancers with Helicobacter (H. pylori) infection in humans
also warrants rapid diagnosis, treatment and eradication to prevent
increasing incidence of cancers in the population concerned and
unnecessary deaths. Animal studies have shown that H. hepaticus
(infects mice mainly, leading to liver disease) has the potential to
confound bioassays for chemical carcinogens, but this potential
has no direct effect on humans. However, the fact that chronic
infections such as those produced by Helicobacter species are
recognized factors for human cancers at various sites does pose
challenges to infection control specialists. In addition, results of
serological studies have not yet been refined to species level for
Helicobacter, meaning that cross-reactivity between H. hepaticus
and H. pylori precludes use of available serologic methods to
establish whether H. hepaticus has infected humans (46).
This situation might mean that some cases of hepatobiliary cancers
in humans might be due to H. hepaticus infections – leading to
misdiagnosis, a cause for concern in developing countries.
Regardless of whether H. hepaticus is itself capable of infecting
humans, available evidence serves to demonstrate that liver tissue
can be persistently infected by at least one member of the genus
Helicobacter. (47) Furthermore, liver cancer can be a long-term
consequence of such infection. This discovery raises questions
about the existence of a comparable relationship between liver
cancer in humans and unrecognized bacterial infections, of which
H. hepaticus is a member. It would be beneficial if reviews of
tissue blocks from pathology archives would be made of organisms
demonstrable by the Steiner stain in liver sections from human
populations at high risk for liver cancer. Coupled with the fact that
in developing countries, 50-60% of the infected individuals
eventually surface as gastric cancers of one type or the other, the
eradication of Helicobacter is therefore imperative in securing
better health for the affected populations (2).
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Thirdly, transmission of the bacterium from non-human sources to
human hosts has been identified as problematic in controlling the
infection. Household pets and domestic animals, especially dogs,
cats and hamsters, have been identified as zoonotic sources of H.
bizzezoronnii (dogs), H. felis, H. muridarum, H. heilmannii (cats)
and H. muridarum (hamsters) (6). The close proximity with which
these animals stay close to humans means that transmission of
otherwise difficult to eradicate Helicobacter from these animal
sources to human hosts can occur, alarmingly. Not only does this
situation warrant further research into treatment options but it is
also because some clinical isolates of Helicobacter are multiply
resistant to commonly prescribed antimicrobials for the eradication
of Helicobacter infection (7).
Fourth, in the abattoirs of most southern nations, and in some
developed nations, zoonotic transmission of Helicobacter is very
high. A study in Argentina found that close to 90% of abattoir
workers (meat packers mostly) harboured H. bovis (mainly
colonises cattle) and H. pylori. (8) A related study in Australia
found that 3 species of Helicobacter colonised different grades of
abattoir workers (9). The most highly affected abattoir workers
were the butchers who actually killed and skinned live animals.
The infection rate in these butchers was as high as 95% with H.
pylori being predominant.
Infact, closeness to animals has also led to another dilemma: that
of diagnostic challenges. The first human-colonising Helicobacter
was H. pylori followed by H. heilmannii. The profiles for antibiotic
sensitivity for these two species are very similar, hence the blanket
approach was adopted initially in prescribing treatment regimens
(10). However, it has recently emerged that if the antibiotic
sensitivity profiles of other Helicobacter species (especially
zoonotically-acquired) are compared with those of H. pylori, most
of these Helicobacter would be resistant to commonly prescribed
antimicrobials – posing a challenge to infection control specialists
(11). However, with the realization and discovery of more zoonotic
Helicobacter, the challenges have become very complex. For
instance, in game animals, cheetahs are known to harbour H.
acinorynx. (12). The transfer of this pathogen to game wardens
can also be surmised to be quite high.
This scenario not only poses a challenge to diagnosis, but also has
implications in drug development for more efficient eradication of
infecting Helicobacter. Tetracycline was initially prescribed but
most Helicobacter have developed resistance to this antibiotic (25,
26). This situation led to the advent and indiscriminate prescription
of macrolides (erythromycin and clarithromycin), nitroimidazoles
(metronidazole and tinidazole), soon amoxycillin and proton-pump
inhibitors to control acid secretion. However, it has emerged that
Helicobacter (especially H. pylori) is resistant to clarithromycin
(>37% in developed countries, although no comparative figures
are available from developing countries) and metronidazole (4550%, and as high as 70% in some developing countries). (13)
The reasons are that clarithromycin and erythromycin are routinely
prescribed for the treatment of nasal, throat and ear infections,
such that in most populations there is already a background
resistance to these antibiotics. The side effects related to the
ingestion of these two antibiotics also lead to poor patient
compliance since macrolides do cause diarrhoea and malaise (14,
27). A similar situation occurs with the nitroimidazole,
metronidazole, for it is the drug of choice for the treatment of
gynaecological infections in women. Furthermore, in developing
nations, metronidazole is used in the treatment of parasitic
infections. The background resistance to this antibiotic of the
affected populations can be as high as 15-20% reducing the
effectiveness of the drugs in the eradication of H. pylori infection
(15, 28). In addition, metronidazole can cause nausea and vomiting
if taken by an infected individual – leading to poor patient
compliance. This side effect reduces the effectiveness of an
eradication regimen.
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The need to develop drugs with minimal side effects and those
that promote better patient compliance to treatment is also a
problem for most developing countries. A related development is
the non-availability of competent research and development
institutions and more so, provision of budgetary outlays that can
capacitate infection control specialists in their quest to design,
develop and evaluate better, more effective and less expensive drugs
for the treatment and eradication of infections such as Helicobacter.
All these strategies are meaningless if the drug of choice only works
for one Helicobacter species and not all. Hence Helicobacter
occupies a critical position in the diagnosis, treatment and
management of gastroduodenal diseases.
4.0
What are the techniques available for diagnosis of
Helicobacter?
Helicobacter can be diagnosed using invasive and non-invasive
techniques. In humans, invasive techniques involve mainly
endoscopic examination whereby a biopsy(ies) is obtained. In some
instances, gastric juice is also obtained coupled with determination
of pH. Invasive techniques include microbiological culture of the
biopsy/gastric juice (gold standard); microscopic examination of
biopsy; histological examination; urease production by colonizing
Helicobacter on the biopsy; biochemical tests involving the use of
a biopsy from the colonised sites; and molecular techniques for
genetic markers of colonizing Helicobacter (SDS-PAGE, restriction
fragment length polymorphism [RFLP], pulsed field gel
electrophoresis [PFGE] and of course, polymerase chain reaction
[PCR] in its various forms.
Non-invasive techniques are those that do not need endoscopy or
invasion of the human body, using probing equipment. These
techniques are much favoured especially in the era of pandemics,
where nosocomiality is very rampant and microbes are rapidly
developing resistance to new drug variants. The HIV/AIDS scare
is still militating against the use of invasive techniques – much as
infection control specialists fight it. In the year 2003 alone, close
to US$6 billion was spent in drug development alone – a figure
that illustrates the problem that health authorities are facing. Noninvasive techniques do not need a biopsy for the test to be
performed. The commonly used techniques are serology of blood,
saliva, cerebrospinal fluid, faeces or urine; chemiluminescence
which is almost similar to serology although the test is colorimetric;
X-rays (gold standard); ultrasound scan; immunohistochemistry
and urease breath tests (13C or 14C).
A comparison of these diagnostic methods indicates that noninvasive techniques are more favoured in most developed nations
due to several reasons. The non-invasive techniques do not support
nosocomiality of Helicobacter. Transfer of infection from infected
to non-infected individuals is purely accidental, at the most.
Secondly, in the era of multiple drug resistance, the transfer of
resistant Helicobacter to otherwise non-suspecting hosts is limited.
This is unlike in the use of invasive techniques where blood, urine,
faeces and saliva can harbour multiple drug resistant Helicobacter.
Thirdly, protection of laboratory staff is higher since several studies
have also shown that as high as 50-60% of endoscopic staff can
acquire Helicobacter through contaminated body fluids from
infected patients (16). Even the dental industry has suffered from
nosocomial transfer of Helicobacter from patients to dentists or
vice versa (30).
This scenario is even more scary in developing countries where
cleaning, disinfection and sterilisation of endoscopic equipment
can be short-circuited to accommodate more endoscopic procedures
per day per unit (45). Fourth, a study in Japan highlighted an
unavoidable commonly occurring problem: the resistance of
Helicobacter to commonly used disinfectants and sterilants (17).
The Japanese study highlighted the plight of patients that can
become infected with such resistant Helicobacter. Fifth, the fact
that the infection can be asymptomatic in as high as 80-95% of
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populations in developing countries is indeed alarming (18). Helicobacter is mainly acquired during childhood and in Africa, poor
sanitary conditions, overcrowding and poor nutrition can actually increase this incidence rate. A study in Burkina Faso showed that in
children, malnutrition and ingestion of premasticated food are contributory factors for the inheritance of Helicobacter infection (especially
H. pylori) (19). Premastication of food is a common practice in most developing countries such as China, much of Africa and Latin
Americ(20) A Chinese study found that as high as 45-60% of paediatric Helicobacter infections can take place coupled with poor
sanitation. (29)
Finally, migration of populations from developing to developed countries has also meant that transfer of otherwise unknown pathogens
like zoonotically-transferred species of Helicobacter (H. pullorum which causes gastritis like symptoms in infected humans, is a case in
point) can occur (21). The increasing multiple drug resistance patterns of human-infecting Helicobacter worries most infection control
practitioners. In Europe, metronidazole resistance is as high as 20-40% but can be as low as 10% (Sweden) and as high as 70% (Poland).
In practice, the European infection control practitioners recommend that when the prevalence of metronidazole resistance exceeds 2025%, this antibiotic is best avoided in H. pylori regimens. Clarithromycin resistance in Europe averages 5% in most countries although
it is slightly higher in Belgium and France (12-15%), where macrolides have been extensively used for many years (22). Given these
statistics, it can be concluded that other drugs of choice be opted for. Resistance to amoxycillin is still very minimal (<2%) and where
possible, this antibiotic has replaced metronidazole or has been included in triple antibiotic therapies for the eradication of Helicobacterrelated infections (25).
The fact that some antibiotic resistance studies in developing countries such as the Democratic Republic of Congo have indicated that
the local population harbours as high as 50-60% resistance to metronidazole has several implications in the eradication of Helicobacterrelated pathologies (24). Therefore local general practitioners should be aware of their local and national resistance rates. This scenario
also means that the infection control specialists should select eradication regimes accordingly. This awareness is likely to influence the
use of regimes containing metronidazole and to a limited extent, those containing clarithromycin. The huge budgetary allocations
needed for research and development of new drug variants, negotiations with pharmaceutical companies for he production cheaper drug
variants and government involvement in providing health for all (especially primary care) has also challenged management of
gastroduodenal diseases worldwide.
5.0

What is the range of invasive techniques available?

The range of invasive techniques can best be summarised in table 1.1.
Table 1.1: Comparison of different invasive techniques

Diagnostic technique
Conventional microbiological
method (32, 34, 35, 43)

Advantage
Gold standard Selective media used
Biopsy essentialMaximum incubation
of 7 daysAntibiotic sensitivity assays
confirmatoryHeavy infrastructural
investment

Disadvantage
Invasive – discomfortHigh
nosocomial transfer of
infectionLengthy incubation –
delays in treatmentNeeds competent
staff Quality assurance & quality
control issuesHuge budget essential

Urease tests (33)

Biopsy essential
Used for diagnosis
Used to confirm cure
One way translation of results
Rapid - at most, 5 minute procedure
Highly reliable, efficientCheap – can
be made routinely Quick indicator of
infecting pathogen

Colorimetric – qualitative,
misdiagnosis Competent staff
needed
Cross-reactivity – Wollinella,
Campylobacter Urease-negative
Helicobacter missed out Invasive
– patient discomfort

Biochemical tests (33, 43)

Cheap, inexpensiveOldest technique
Favoured in developing countries No
massive investments needed
Invasive – biopsy or gastric juices

Patient discomfort – invasive
Colorimetric – experienced
staff Incubation period critical
– quality control and quality
assurance issuesCross-reactivity –
misinterpretation of results

Gastric juice analyses (32)

InvasiveCan be combined with
biochemical testsRapid indication of
acid imbalancesFacilitates drug studies
and drug developmentCombined with drug
treatment studies, very effective indicator
of regimen prescriptions

Invasive – patient discomfort
Nosocomiality high - >10%Highly
competent staff essential Quality
control and quality assurance critical
Favoured in research settings
– developing countries?
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Microscopy (32)

Invasive – biopsy essential Easy to
performEasily translated (together
with histological staining)Favoured in
developing countriesInvestment in art
nouveau technology

Invasive – patient
discomfortStaining always
the gold standardHeavy
budgetary outlays
Competent and experienced
staffRecord keeping – developing
countries?

Histology (32, 44)

Cheap, inexpensiveRapid method
if competentUsually combined with
microscopyPrimary diagnostic procedure
– reliableFavoured in developing
countries

Invasive – biopsy
critical Perforations – like
endoscopyNosocomiality
high Potential source
for introduction of multiple drug
resistance & recrudescenceSpecial
staining – quality control & quality
assurance

Molecular techniques (31, 38-41)

Invasive or non-invasiveMainly
invasive – biopsy neededRapidly evolving
fieldHighly revolutionarisedArt
nouveau technologies usedInternational
comparability

Difficult standards Patient
research discomfortSuited to
environsHeavy staff &
infrastructural
requirements –
developing countries? Use of
radioactive, carcinogenic or
teratogenic compoundsWaste
disposal challengesHazardous
substances control – developing
countries?

What are the non-invasive techniques available?
Table 1.2 summarises the range of non-invasive techniques available for the diagnosis of Helicobacter infections.
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Table 1.2:

Comparison of non-invasive diagnostic techniques

Diagnostic technique
X-rays (34)

Advantage
Disadvantage
Gold standardRapid (10 minute
Biosafety - how many exposures?
technique)InexpensiveEasy interpretation
Bioaccumulation & mutation
of resultsNon-invasive – patient safety
Minimal dosage regulations –
(especially accidental perforations)Favoured capacity
in developing countries Record keeping
in developing countries?
and referral easy
Competence & experience in
translating new pathologies
Maintenance of equipment and
capital investment – can developing
countries keep up?Hazardous waste
disposal – government regulations?

Serology (36, 42)

Non-invasive – patient compliance/
satisfaction high Blood, saliva, urine, faeces,
CNS fluids can be sampledOffice test
Satisfactory for diagnosisUseful for
follow-up of treatment Rapid (20 minutes
minimum)Ease of interpretation if used
with cultureSuitable for screening large
populationsStandardised in most casesSuited,

Sensitivity and specificity a
problemNot appropriate for
confirming cureCross-reactions
with resident antibodies (malaria
prone areas of AfricaOutliers
problems (especially with
paediatric cases)Interpretation of
results – background or
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if funds are available, for developing
countries

circulating antibodies not easily Pretreatment and post-treatment
problems – initialization of
serological reactionsImportance of
other Immunoglobulins – IgM, IgE?
Any roles in infection?Technical
capacity – developing countries??!

Non-invasive (patient satisfaction high)
Office test
Highly reliable for diagnosis
Highly reliable to confirm cure Rapid
(30 minutes at most) Efficient – allows
more patients to be diagnosedPatient
discomfort minimized
Technical support
availableSafe compared with X-rays Can
be used to screen large populations

Patient has to stop all treatment 2
weeks prior to test (for diagnosis)
Patient has ot be tested 4 weeks
fter treatment to confirm cure –
a recrudescence!
Bioaccumulation
problems – radioactive carbon (13C,
14
C)Cross-reactivity with nitrogen
from buccal flora
Not suitable for paediatric cases
(half-life and radioactivity)
Exposure limits – frequencyHeavy
capital investmentRegard for
biosafety issues
Hazardous waste disposal –
implications for developing
countries?Technical support
availability – developing
countries?Suited to research
institutions

6.0
Which diagnostic technique is best?
In all fairness, considering the patient’s concerns in the era of global
availability of information (internet, WWW), most healthcare
facilities would opt for non-invasive techniques. The reasons being
firstly, the safety of both the patient and the staff concerned
(nosocomial transfer of infection is significantly reduced).
Secondly, opportunities for adapting the technique to suit local
populations is high, as is the case with serological kits. An example
is the increasing varieties of HIV testing kits which now outnumber
the serotypes, a realization that not all populations harbour the
same serotype of HIV. Third, ease of interpretation and translation
of results – if no cross-reacting antibodies are present in the
population concerned. And lastly, inexpensiveness of the diagnostic
methods, after all capital equipment investments have been made,
actually promotes population studies, rather than sample surveys.
However, given that most governments in developing countries
lack huge health budgets that can promote, initiate and implement
research and development into diagnostics, invasive methods still
occupy a large percentage of the diagnostic methods of choice used
by healthcare facilities and remain a top priority in industry. The
political will of most governments is there; yet international
agreements govern technology transfer from the west and north to
developing nation states. These agreements control the
governments’ policies on health, industry and commerce. This
scenario will continue until partnerships like the south-south
cooperation group can initiate scientific innovations, technical
capacity building strategies and scientific take-overs that will
enhance science and technology in their nations.
7.0
What recommendations can be made?
The following recommendations can be made:
1.

that background cross-reactions in different
populations be considered where commercial kits are
developed (ELISAs, a case in point).

2.

that outliers be included in all kit development
especially for African populations
3.
that pre-treatment and post-treatment reactions be
taken into account in the design and development of
‘office’ test kits
4.
that where appropriate governments (and healthcare
institutions) should invest in art nouveau technologies
5.
that where possible, nation states should forge
encourage and strengthen bilateral and multilateral
technology transfer programmes for the diagnostic
staff and industry
6.
that diagnostic staff be exposed to art nouveau
environments that allow international comparability
to be addressed
7.
that all diagnostic facilities should operate and adopt
international standards of working to avoid the ‘island
syndrome’
8.
and lastly, that governments increase research budgets
since investment in science and technology are the
main drivers for a booming economy, ultimately
health for all strategies.
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FACTORS OF SOW PRODUCTIVITY, LITTER SIZE AND WEIGHT AT BIRTH
Chimonyo M, Dzama K & Bhebhe E
Department of Paraclinical Veterinary Studies, University of Zimbabwe, P.O. Box MP 167, Mount Pleasant, Harare, Zimbabwe

Abstract
The objective of this study was to determine non-genetic effects of sow
and litter productivity at birth in Mukota sows mated to Mukota and
Large White boars. The trial was conducted at the University of Zimbabwe
Farm, Harare, Zimbabwe. All matings were through natural service. All
dry sows were fed on a high fibre diet. Feeding was done twice per day.
Months of the year were divided into the cool, hot, rainy and the postrainy seasons. All traits were analysed using the generalised linear models
procedure of SAS (2000). Farrowing indices were high during the first
three parities and were low in later parities. The mean birth weight was
0.78 kg, while the mean litter birth weight was 5.58 kg. Piglets out of
sows mated with Large White boars had higher birth weights (P<0.05)
than those out of sows mated to Mukota boars. The total weight of pigs
at birth was low in the first two parities and increased from parity 3. The
crossbred pigs had the largest total weight during the cool season. Season
had no effect (P>0.05) on the total weights at birth in Mukota pigs. The
total number born (NBT) was lower in sows sired by Mukota boars than
those sired by Large White boars. The highest litter sizes were obtained
in parity 6 sows sired by Large White boars. In sows sired by Mukota
boars, the highest NBT and number of live births were observed at parity
7.
Key words: Mukota, Large White × Mukota piglets, reproductive
performance, birth weight

1.0
Introduction
Smallholder pig production constitutes over 65 % of the total pig
population in Zimbabwe, and therefore, plays a significant role in
rebuilding the national pig herd, which has been decimated
following the land reform programme. The majority of the pigs
used in the communal areas are the local genotypes (Central
Statistical Office, 2000), generally known as Mukota. They are
much smaller than the imported genotypes, such as the Large White.
Utilising indigenous animal resources that are adapted to the local,
usually harsh, environmental conditions can enhance sustainability
of smallholder pig production systems. Mukota pigs can be fed on
fibrous feeds, such as maize cobs (Kanengoni et al., 2002, 2004;
Ndindana et al., 2002). They have also been reported to reproduce
under low planes of nutrition (Holness, 1972) and are tolerant or
resistant to parasites (Zanga et al., 2003). Use of local pigs also
contributes to conservation of the local gene pool, at the same time
promoting the utilization of their valuable genes (Scherf, 1990;
Ly, 2000; Anderson, 2003). The lack of sufficient characterization
of the local genotypes, however, makes it difficult to use them in
pig improvement schemes, although indiscriminate crossbreeding
is widespread.
Litter size is of major economic importance to pig producers, as it
is the first determinant of the number of saleable pigs on the farm.
Improvement of litter size or sow productivity, however, is difficult
to achieve since the actual causes of variation are not easily
quantifiable (Adebambo, 1986). Most traits that are related to
fitness or reproductivity have low heritabilities, suggesting that
slow gains are achieved through selection. More emphasis needs
to be put on crossbreeding or improving the environmental
conditions for the sow. The pig producer, should, therefore, be
cognizant of the major sources of variation and their relative
importance in affecting measures of sow productivity. Some
important non-genetic factors of sow productivity include parity
of the sow, month of mating and farrowing, farrowing intervals,
year of farrowing and general management, which includes nutrition
and health (Mungate et al., 1999). Albeit the positive attributes of
the Mukota pigs, these factors have not been quantified. The
objectives of this study were, therefore, to determine non-genetic

effects of sow and litter productivity at birth in Mukota sows mated
to either Mukota or Large White boars, when fed on fibrous diets.
2.0 Materials and Methods
2.1
Study Site and Animals
The trial was conducted at the University Of Zimbabwe Farm
(UZF), Harare, Zimbabwe. The altitude is approximately 1300
metres above sea level. The area is situated at 18ºN and 30ºE.
Annual rainfall averages 800 mm.
Five unrelated Mukota boars and 16 Mukota gilts were bought
from Mutoko Communal Area, nearly 250 km to the north east of
Harare in October 1997. Four 2-year old purebred Large White
boars were bought from the Pig Industry Board Farm (PIB) in 1999.
Four Mukota boars were also selected from the herd and were mated
to gilts produced from sows that had been bought from other farms
to reduce inbreeding. Another four Mukota sows were bought from
Mvuma, about 200 km to the south of Harare. Three more Mukota
boars and five gilts were obtained from Mount Darwin district,
about 200 km to the north of Harare. Mating was done in a way
that avoided or minimized inbreeding, based on the pedigree
records. All matings were through natural service. Sows were culled
after the eighth parity. Gilt replacements were selected on a withinlitter basis. No more than one gilt was selected from the same litter.
The gilts selected for breeding had above average daily gains and
having at least 12 teats.
2.2
Animal Housing and Feeding Management
The management and feeding conditions of the pigs were largely
designed to mimic the conditions that are experienced in
smallholder farming areas. Sow houses had no creep areas,
farrowing crates and infrared lamps. Boars and sows were housed
separately, in multi-purpose pens. Breed groups were penned
separately and boars were penned singly. The sows were kept three
in a pen. All the pens had concrete floors and were well ventilated.
All pens were cleaned daily. The walls were disinfected every two
weeks against mange mites.
All dry sows were fed on a high fibre diet with the ingredient
composition shown in Table 1. Boars were maintained on 2 kg a
day of the same diet as for sows. Lactating sows were fed on 2 kg
of commercial brood sow meal a day and an allowance of 0.5 kg
for each piglet that it was nursing for five weeks. No creep feeding
of the piglets was practised. Feeding was done twice daily. Drinking
water was supplied to all the animals through low-pressure nipple
drinkers.
2.3
Oestrus
Detection,
Mating
and
Farrowing Management
Dry sows and gilts were checked for signs of oestrus daily. All
matings were natural. Heat detection was repeated 21 days later
on the mated sows, and sows that did not show signs of heat were
presumed pregnant. Grass bedding was provided in each pen. To
mimic smallholder production conditions, no infrared lamps were
provided in the farrowing houses. No castration was practised.
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Table 1: Ingredient and chemical composition of the diet for
dry sows and boars
Ingredient composition
Maize
Soyabean meal
Maize cobs
Mineral/vitamin premix
Monocalcium phosphate
Limestone

g/kg
559.5
160
250
3.5
12.0
15.0

Chemical composition
Crude protein
Neutral detergent fibre
Metabolisable energy (MJ ME/kg)

162
410
9.6

2.4
Data Preparation and Traits Studied
Data from 434 litters farrowed each month from January 1998 and
August 2003 were captured to evaluate sow productivity at birth.
The data captured included the date of mating, boar identity, number
of services per conception, date of farrowing, farrowing intervals,
sex of the pig, number of pigs born in total (NBT), number of pigs
born alive (NBA), number of pigs born dead (NBD) and litter
weight. Weights were determined within 12 hours of birth.
Traits studied were gestation length (GLNTH), farrowing index
(FX), NBT, NBA, NBD, total litter weight at birth (TBWT) and
individual pig weight at birth (IBW). Average piglet birth weight
(AVBWT) was also computed. The FX was computed as:

FX =

365
; where:
FI

FX is the farrowing index and
FI is the farrowing interval.
Months of the year were divided into four seasons: cool, hot, rainy
and the post-rainy seasons. The cool season was comprised of June,
July and August, while September, October and November were
put into the hot season. The rainy season stretched from December
to February. March, April and May formed the post-rainy season.
2.5
Statistical analyses
All traits were analysed using the generalised linear models (GLM)
procedure of the Statistical Analysis System (SAS, 2000) assuming
fixed models with all possible first-order interactions.
Models for final analysis were obtained after eliminating
interactions that were not statistically important (P>0.05). The fixed
factors considered were the breed of sire and dam, season of mating,
season and year of farrowing, parity of sow, sex of piglet and the
relevant covariates. The final models for, FX (Model 1), TBWT
(Model 2), AVBWT (Model 3), NBT (Model 4) and NBA (Model
5) were as follows:
Model 1: Farrowing index
Yijklm = µ + Gi + Pj + Sk + Ll + Fm + (G × S)ik + (G × P)ij +
β3GLNTH + Eijklm;

Variable
Farrowing index
Total number born
Number born alive
Total litter birth weight (kg)
Average litter birth weight (kg)
N: sample size; SD: standard deviation

168

N
401
434
434
429
433

Model 2: Total birth weight per farrowing
Yijklm = µ + Pj + Sk + Ll + (G × S)ik + β4NBA + β5NBT + Eijklm;
Model 3: Individual birth weight per farrowing
Yijklm = µ + Gi + Pj + Sk + Ll + (G × S)ik + β4NBA + β5NBT +
Eijklm;
Model 4: Total number of piglets born
Yijklm = µ + Gi + Pj + Sk + Ll + (G × S)ik + β6TBWT + β7AVBWT
+ Eijklm;
Model 5: Number of piglets born alive
Yijklm = µ + Gi + Pj + Sk + Ll + (G × S)ik + β6TBWT + β7AVBWT
+ Eijklm;
where:
Yijklm = an observation
µ = overall mean response
Gi = fixed effect of the ith genotype of sire
Pj = fixed effect of the jth parity of dam
Sk = fixed effect of the kth season of farrowing
Ll = fixed effect of the mth year of farrowing
(G × S)ik = genotype × parity interaction
β1 = partial linear regression coefficient of the dependent
variable on TBWT
β2 = partial linear regression coefficient of the dependent
variable on NBT
β3 = partial linear regression coefficient of the dependent
variable on NBA
β4 = partial linear regression coefficient of the dependent
variable on NBT
β5 = partial regression coefficient of the dependent variable on
TBWT
β6 = partial regression coefficient of the dependent variable on
AVBWT
Eijklm = residual error
The influence of sex of piglet and season of farrowing and the first
order interactions on the individual weights at birth was determined
using GLM procedures of SAS (2000). Correlation analyses among
NBA, TBWT and AVBWT were performed using the PROC CORR
procedure (SAS, 2000).
3.0

Results

3.1
Summary Statistics
Table 2 shows the number of observations, raw means, standard
deviations, minimum and maximum values for the farrowing index,
total number of piglets born, number of piglets born alive, total
birth weight and average birth weight of the traits assessed in this
study. The gestation lengths of the sows indicated a range of 28
days (Table 2).
Table 2: Summary statistics of farrowing interval, farrowing
index, gestation length, number of matings, total number of
piglets born, number of piglets born alive, number of piglets
born dead, total birth weight and average birth weight

Mean
2.35
7.62
6.85
5.54
0.78

SD
0.20
2.18
2.29
3.33
0.23

Minimum
1.66
3.00
1.00
0.40
0.39

Maximum
2.97
13.0
12.0
28.0
1.47
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Influence of fixed effects on farrowing index in Mukota sows
There were no year effects (P>0.05) on the FI. The mean farrowing index was 2.35. The gestation length, which was incorporated as a
covariate, significantly influenced (P<0.05) farrowing indices. Parity of the sow also influenced (P<0.05) the farrowing index. As
shown in Table 3, the farrowing index was high during the first three parities and was low in later parities.
3.2
Factors Affecting Total and Average Weights of Pigs at Birth
The mean AVBWT was 0.78 kg, while the mean TBWT was 5.58 kg. The genotype of pig significantly influenced (P<0.05) both
AVBWT and TBWT. Parity of sow did not affect TBWT and AVBWT. There were, however, significant interaction effects (P<0.05) on
AVBWT, but not on TBWT. Season of farrowing had no influence (P>0.05) on both variables. The NBA, used as a covariate, was
significant (P<0.05) in influencing TBWT, but not on AVBWT. The total weight of pigs at birth was low in the first two parities and
increased from parity 3. The influence of parity on TBWT and AVBWT for the Mukota and LW × Mukota crossbred pigs is shown in
Table 4. The TBWT increased more than two-fold as parity increased in sows mated to Large White boars.
There was a significant sex × genotype interaction on individual weights of pigs at birth (P<0.05) (Table 5). The respective AVBWT
were 0.77, 1.10 and 1.14 kg for Mukota, Large White and the Large White × Mukota crossbred pigs. There was a significant (P<0.05)
interaction between piglet genotype and season of farrowing. As shown in Table 6, TBWT and AVBWT were lower in the Large White
breed during the cool season than in the other genotypes. The crossbred pigs had the largest total weight during the cool season. No
differences (P>0.05) were detected in the total weights at birth in Mukota pigs. Table 6 shows the influence of sex and genotype of
piglets on TBWT and AVBWT. The mean TBWT for the Mukota and the Large White × Mukota crossbred pigs were 4.93, 6.98 and 8.13
kg, respectively.
Table 3: Parity effects on farrowing index
Parity
N
Mean
Standard error
1
42
2.52
0.017
2
62
2.49
0.025
3
56
2.28
0.029
4
53
2.40
0.031
5
58
2.41
0.034
6
56
2.41
0.019
7
55
2.34
0.023
8
52
2.27
0.024
Table 4: Influence of parity of sow on TBWT and AVBWT in Mukota sows mated to Mukota and Large White
boars
TBWT
AVBWT
Parity of sow
Mukota
Large White
Mukota
Large White
1
4.14 ± 0.304
5.30 ± 0.304
0.62 ±0.011
0.97 ± 0.023
2
4.30 ± 0.344
7.02 ± 0.300
0.64 ± 0.014
0.92 ± 0.013
3
5.05 ± 0.341
8.78 ± 0.541
0.69 ± 0.012
1.12 ± 0.044
4
5.27 ± 0.298
8.90 ± 0.457
0.74 ± 0.022
1.13 ± 0.041
5
5.59 ± 0.346
9.10 ± 0.578
0.79 ± 0.018
0.94 ± 0.025
6
5.38 ± 0.234
9.44 ± 0.613
0.77 ± 0.025
1.11 ± 0.057
7
6.91 ± 0.320
14.36 ± 0.652
0.71 ± 0.015
1.27 ± 0.065
8
6.73 ± 0.230
10.21 ± 0.567
0.92 ± 0.019
0.78 ± 0.021
3.3
Non-Genetic Factors of Litter Size
The mean NBT was 7.62 piglets per sow. Breed of pig and parity were the only factors that significantly (P<0.05) influenced NBT and
NBA. Season of farrowing had no effect (P>0.05) on litter size. The mean NBA was 6.86. The NBT was lowest in the Mukota pigs and
highest in the LW pigs. However, there were no significant differences (P>0.05), between the NBA in Mukota and crossbred pigs (Table
7). The NBT and NBA for the Mukota and LM pigs are shown in Table 8. The highest litter sizes were obtained in parity 6 sows sired
by Large White boars. In Mukota sows sired by Mukota boars, the highest NBT and NBA were observed at parity 7.
Table 5: Interaction of sex and genotype on piglet birth weight
Breed of boar
Sex of piglet
Mukota
Male
Mukota
Female
Large White
Male
Large White
Female

Birth weight (kg)
0.79 ± 0.005
0.76 ± 0.008
1.12 ± 0.011
1.16 ± 0.010

Correlation coefficients
Significant (P<0.05) positive linear correlation coefficients were detected between NBA versus TBWT (r = 0.60), NBA versus AVBWT
(r = 0.41) and between AVBWT and TBWT (r = 0.58).
Table 6: Influence of genotype on total and average weights at birth across the four seasons in sows
mated to Mukota and Large White boars
Breed of boar
Season
TBWT
AVBWT
Mukota
Cool
5.38 ± 0.712
0.69 ± 0.045
Large White
Cool
9.60 ± 0.866
1.03 ± 0.032
Mukota
Hot
4.61 ± 0.573
0.70 ± 0.035
Large White
Hot
7.30 ± 0.692
1.00 ± 0.040
Mukota
Rainy
4.81 ± 0.458
0.75 ± 0.033
Large White
Rainy
7.87 ± 0.767
0.95 ± 0.062
Mukota
Post rainy
4.69 ± 0.653
0.70 ± 0.036
Large White
Post rainy
7.00 ± 0.729
0.93 ± 0.034
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Table 7: The total number of pigs (NBT) and number of live pigs at birth (NBA) in Mukota and Large White ×
Mukota crosses
Trait
Mukota
Large White × Mukota
NBT
7.53 ± 0.553
8.52 ± 0.621
NBA
7.34 ± 0.371
7.38 ± 0.396
Table 8: Parity effects on total number of pigs born (NBT) and number of live pigs at birth (NBA) in Mukota
sows sired by Mukota (M) and Large White (L) boars
NBT
NBA
Parity
Mukota
Large White × Mukota Mukota
Large White × Mukota
1
5.55 ± 0.265
6.43 ± 0.211
4.85 ± 0.303
5.89 ± 0.284
2
6.89 ± 0.228
8.33 ± 0.244
7.33 ± 0.129
7.65 ± 0.244
3
8.47 ± 0.430
8.63 ± 0.284
7.47 ± 0.221
7.67 ± 0.321
4
8.31 ± 0.481
9.32 ± 0.238
8.81 ± 0.265
7.75 ± 0.411
5
8.33 ± 0.435
9.33 ± 0.234
8.13 ± 0.234
8.48 ± 0.238
6
8.47 ± 0.224
9.64 ± 0.365
8.23 ± 0.345
9.01 ± 0.566
7
8.57 ± 0.224
9.00 ± 0.435
7.77 ± 0.210
8.51 ± 0.422
8
8.01 ± 0.224
8.64 ± 0.221
7.52 ± 0.365
8.23 ± 0.601
4.0
Discussion
The objective of this study was to evaluate the performance of
Mukota pigs, in comparison to the Mukota mated to LW boars.
The pigs were raised on fibrous diets, which contained a high
proportion of maize cobs. Purebred Large White pigs showed poor
growth performance on fibrous diets, unless when fed on diets
containing high levels of energy. Prior to this study, very little, if
any, information was available on the reproductive performance
of Mukota pigs, especially litter weight traits. Reproductive
performance at birth, which is of major economic importance to
pig producers, was the primary focus of this paper.
The farrowing indices were within the expected ranges. The high
farrowing index observed during the first three parities could have
been caused by the long farrowing intervals, which could have
arisen from difficulties encountered in detecting sows exhibiting
oestrus. The large birth weights of the crossbred piglets at birth
could suggest that there is possible hybrid vigour on birth weight.
The explanation for the low birth weights in the Large White pigs
during the cool season is not clear. The higher birth weights of
piglets born of Large White sires indicate the superiority of the
imported blood on litter weight, as previously reported by Pathiraja
(1986). Piglet birth weight increases with crossbreeding (Mungate
et al., 1999). The average birth weight of the crossbred pigs was
higher than for the Mukota. The average birth weight of LW pigs
in Zimbabwe is 1.44 kg (Mungate et al., 1999). The average and
total birth weights for the Mukota pigs are comparable to the
Meishan pigs reported by Haley et al. (1992), but are lower than
for Large White pigs. The weights are, however, higher than those
reported for the desi pigs of India (Kumar et al., 1990). Gilts
produce piglets of low birth weights because they are still
physiologically immature and hence have to partition nutrients
between their own nutrient requirements and those of the foetuses.
In this study, Mukota boars served Mukota gilts and Large White
boars were mated with older sows. There was, therefore, possible
confounding between these factors, which could not be separated.
Litter size has low heritability (Rico et al., 2000; Chen et al., 2003)
and crossbreeding has been found to improve it (Adebambo, 1986).
The low litter size observed in the Mukota sows mated to Mukota
boars agrees with Pandey et al. (1996) and Ncube et al. (2003).
The low litter size in the Mukota sows might be due to a higher
embryonic or foetal mortality resulting from small body size of
the piglets. This could suggest that the higher litter size in sows
mated to LW boars might be due to reduced embryonic death or
foetal mortality in crossbred piglets due to increased prenatal weight
gain. It is also possible that LW boars had better fertilization
capacity (Pandey et al., 1996). The higher litter size and NBA in
sows mated to LW boars indicates that crossbred pigs could be
used in smallholder pig production systems to increase reproductive
efficiency. Recently, Chen et al. (2003), working with Yorkshire,
Duroc, Hampshire and Landrace pigs, reported sufficiently large
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genetic variances for litter traits. Thus, although, litter traits have
low heritabilities, it is possible to improve them through selection.
Differences in the effect of parity of sow on litter size were also
evident. Mukota sows showed a steady increase in litter size up to
parity 7, this could indicate that the low litter size in Mukota sows
could partly be due to limitation in the uterine capacity. Litter weight
was, however, high at parity 8 than the other parities, indicating
that the optimum time for culling Mukota sows is beyond the 6th
parity which is recommended for exotic breeds. The positive
correlation between NBA and TBWT was expected. The positive
correlation between NBA and AVBWT also suggest that there is
potential to increase litter size in the Mukota sows.
It can be concluded that the parity of the sow influenced farrowing
indices. Crossbred pigs had higher AVBWT and TBWT than
Mukota pigs. Pig genotype and parity influenced NBT and NBA.
The NBT was lowest in the Mukota pigs and highest in sows mated
to LW boars. The highest litter sizes were obtained in parity 6
sows sired by Large White boars, whereas in Mukota sows mated
to Mukota boars, the highest NBT and NBA were observed at parity
7.
Since exotic breeds are culled at parity 6, Mukota pigs have a longer
life span in the herd. There is need, however, to determine the
optimum culling age for these pigs. Further research should consider
characterisation of the different populations in Zimbabwe and
determine whether differences exist among the indigenous breeds.
More work should also focus on characterisation of traits such as
disease and parasite resistance, and setting up satellite populations
to practise selection.
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Abstract
The objectives of this study were to monitor ovarian activity and general
reproductive performance in indigenous cows in the communal areas.
This was done by measuring the concentrations of progesterone (P4) in
peripheral circulation. The study was carried out in Sanyati smallholder
farming area, located 250 km south west of Harare. Blood samples for P4
determination were obtained once a week from 96 Mashona cows that
belonged to farmers from 3 different villages. The cows were weighed
once every month and all births were recorded. Rectal palpations were
done once a month to determine ovarian status and for pregnancy
diagnosis. Most of the non-pregnant cows (65%) cycled during the rainy
season. Most of those that were acyclic at this time were undergoing post
partum anoestrus. During the dry season, most cows (58%) became acyclic
as forage became scarce and of poor quality. Thirty- two calves were
born during the study period, mostly during the first or last two months
of the year, when there was enough forage. The mean calving to first
oestrus in 14 cows that re-calved was 71 ± 49 days. Eight of these 14
cows conceived again, the calving to conception interval being 173 ± 94
days. The cows’ liveweights were highest in April, at the end of the rainy
season. By the end of the dry season, the cows had lost, on average, 15%
of their peak weight.

1.0
Introduction
The reproductive performance of cows in the smallholder farming
areas of Zimbabwe has been reported to be low (Gubbins and
Prankherd, 1984). It was found that their reproductive activity
follows a seasonal pattern, whereby conception usually took place
during the rainy season (November - April). Calving intervals are
long, ranging from 1 to 3 years, with an average of 2.5 years (GFA,
1987).
The poor reproductive performance of these cows is thought to be
influenced by the lack of adequate nutrition in the dry season, which
exerts its influence through cessation of ovarian activity. However,
no proper scientific studies have been carried out to determine the
exact nature of the causes of infertility at the level of the ovaries.
Such studies could involve monitoring the levels of ovarian
hormones such as progesterone in body fluids like blood.
The level of progesterone in blood circulation is low during the
first 4 days of the oestrous cycle. After day 4, the concentration of
progesterone (P4 ) begins to rise sharply due to the formation of
the corpus luteum from the antral follicle. The levels remain high
until day 17 when the corpus luteum regresses under the influence
of prostaglandins if the animal has not conceived. However, if the
cow has become pregnant, the high concentration of P4 is maintained
until a few days before parturition.
Studying levels of ovarian hormones such as progesterone would
therefore provide useful information on ovarian activity and
indirectly on the fertility of individual animals.
2.0

Materials and Methods

2.1
Study site
Sanyati smallholder-farming area is located about 250 km west of
Harare and lies in Mashonaland West Province. The area is in agroecological region III, which receives less than 600 mm of annual
rainfall, mostly during the summer season. The rainy season, which
extends from November to April, is characterised by prolonged
mid-season dry spells. The soils are sandy and therefore of poor
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fertility. The vegetation in Sanyati is characterised by dense
woodlands in most places. In some areas, during the rainy season,
the tree cover forms a canopy, which is capable of shielding grasses
from direct sunlight. During the dry season, which extends from
April to September, the trees become leafless and the ground is
bare as the grasses dry up.
2.2
Animals
Ninety- six multiparous Mashona cows, belonging to 42 farmers
from three villages, were selected for the study. The cows were
kept by their respective owners and managed according to the
traditional system. At the time of this study, there were only three
mature bulls which were servicing all the herds in the three villages.
During the cropping season, the animals were herded during the
day and penned at night. In the dry season, the animals roamed the
grazing areas freely and had access to crop residues in the arable
lands. Some farmers did not practise night penning during this
period. Cattle from the participating herds were treated for ticks
twice every month using a “pour on” acaricide, Drastic Deadline
(Bayer AG, Leverkusen, Germany).
Of the 96 cows that were used in this study, only 35 had complete
data for plasma P4. The farmers who owned the other 61 cows did
not bring their animals for sample collection on a regular basis.
Therefore, these 61 cows with incomplete data were omitted from
the analysis of the endocrinological study.
2.3
Measurements
Rectal Palpations and Pregnancy Diagnosis
Rectal palpations were done on each cow once every month for
pregnancy diagnosis and assessment of ovarian status. Cows with
large follicles (>15 mm in diameter) were considered cyclic. Those
with an active corpus luteam were deemed to be either pregnant or
cyclic. The pregnancy status of a cow was then confirmed by the
presence of a foetus within the uterus.
2.4
Plasma Progesterone Concentrations
Blood samples for P4 determinations were obtained from each cow
once every week from January 1997 to December 1997. Blood
was obtained by jugular venipuncture into 10-ml tubes containing
the anti-coagulant EDTA. The blood tubes were kept on ice in a
cooling box during sampling. Thereafter, the tubes were taken to
the field laboratory centre for processing. The blood was
centrifuged at 2000g within 5 hours of collection. The separated
plasma was kept frozen at -20 oC for subsequent P4 assay.
The concentrations of P4 in plasma were determined using a solid
phase radioimmunoassay procedure. A commercial kit (Coat-ACount kit, Diagnostic Products Corporation, Los Angeles, USA)
was used for this purpose. The intra-assay and inter-assay
coefficients of variation were 6.7% and 12.9%, respectively.
2.5
Fertility
The number of ovulations occurring in each cow was determined
from the P4 profiles. Cows that exhibited a cyclical pattern of P4
concentrations were assumed to have ovulated. In the case of cows
which had calved, ovulations were determined from the day of the
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first rise in P4 concentration. Missed ovulations were determined
from 70 days post partum. Seventy days post partum was chosen
because it was the average period between calving and first
ovulation. The number of calves that were born during each month
of the study period was also recorded.
2.6
Liveweights
Liveweight measurements for the cows were carried out once every
month from January 1997 to December 1997. The cows were weighed
at a central place using a Kettleway cattle-weighing scale (Berbat Pvt
Ltd, Marondera, Zimbabwe). The liveweight measurements were taken
in the mornings before cattle were let out for grazing.
2.7
Statistical Analysis
Plasma P4 values greater than 0.5 ng/ml (Odiawo et. al, 1992) were
considered to represent genuine elevations from the basal
concentrations. At the end of each month, the cows were classified
according to plasma P4 levels and the results of rectal palpations into
three categories: (i) Acyclic: P4 levels basal (plasma P4 < 0.5 ng/ml)
and small ovaries with follicles less than 15 mm in diameter. (ii) Cyclic:
cows with P4 levels alternating between basal and high and, ovaries
with large follicles (>15mm in diameter), but with no foetus in the
uterus. (iii) Pregnant: cows with P4 levels constantly higher than basal
(plasma P4 ≥ 0.5 ng/ml) and presence of foetus confirmed by rectal
palpation.
Data on the liveweights of cows was analysed by repeated measures
analysis of variance using the REPEATED procedure of PROC GLM
(SAS, 1994). The model accounted for individual animal variations
and the effects of month of year.

Fourteen of the 35 cows with complete sets of records of P4
concentrations calved between January and December 1997. The mean
calving to first oestrus interval was 71± 49 days (mean ± S.D.). By the
end of the study, eight of these cows had conceived again, the mean
calving to conception period averaging 173± 94 days.
3.2
Liveweights
Liveweights were affected by the month of the year in which the
measurements were taken (P< 0.01). The cows were heavier during
the wet months of the year. The highest mean liveweight, 317.5± 3.49
kg (mean ± SE) was achieved at the end of April. The lowest liveweights
were recorded in September 268.6 ± 3.73 kg, by which time, the cows
had lost approximately 15% of their April liveweight.
4.0
Discussion
The highest number of acyclic cows (those cows with sustained
basal concentrations of P4 in their blood) occurred during the driest
period of the year (September to October), at which time, the mean
liveweight of the cows was at its lowest level. These months
coincided with the period when the nutritional quality of the forage
and herbage mass in the grazing areas were at their minimal level.
This observation suggests that the infertility of the cows used in
this study was largely due to poor nutrition. Several studies e.g.,
Rattray(1977); Richards, Wettemann and Schoemann (1989);
Randel (1990); Roche and Diskin (1995) have highlighted energy
deficient diets as one of the major causes of ovarian quiescence
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3.1
Plasma Progesterone Concentrations
The concentration of P4 in plasma during the luteal phase and pregnancy
ranged from 0.5 – 12.7 ng/ml. Generally, the cows used in the study
cycled throughout the year (Figure 1), but the proportion of cows
cycling varied with the time of the year. Most of the ovarian cyclicity
occurred in the months of November - April, during the rainy
season. During the dry season (May to October), the proportion of
cyclic cows was 42% compared to 65% in the rainy season.

Number of calves

3.0

The distribution of the calvings between January and December
1997 is shown in Figure 2. A total of 32 calves were born during
the study period and most of the calvings took place during the
rainy season (November to April). The calving rate was 33%.

Month

Conversely, the proportion of acyclic cows was highest (58%)
during the months extending from May to September, which
coincided with the dry season. The proportion of acyclic cows
increased from 37% to 45% as more of the pregnant cows calved
between January and April, and there were only a few cows that
showed signs of acyclicity in November and December.
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Figure 1. Reproductive status of cows in Sanyati Communal
Area (1997)

Figure 2: The distribution of calf birth in Sanyati in 1997

During January to March, there was an increase in the numbers of
cows not showing any signs of cyclic ovarian activity although
there was adequate nutrition of good quality. This acyclicity resulted
from the fact that most cows calved down during this period and
were therefore going through the post partum anoestrus phase. In
general, most cows conceived during May and June. It is interesting
to note that this conception occurred when most farmers had just
stopped herding their animals during the day and penning them
during the nights. Accordingly, the bulls had free access to cows
during this period of free ranging and the cows from households
with no bulls stood a better chance of being mated. Clearly, there
is need to study the effects of penning cows in herds without bulls
on pregnancy rates.
The liveweight changes caused by fluctuations in the quality and
quantity of the natural pastures appeared to influence the
reproductive performance of cows. During the study, cows lost
about 15% of their liveweight during the peak of the dry season
and such liveweight losses have been reported to induce anoestrus
in cows of tropical breeds (Topps, 1977). The lack of adequate
nutrition during the dry season, in addition to the accompanying
liveweight loss of the cows may help to explain the high incidence
of anoestrus observed during this period.
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The mean length of the post partum anoestrus interval (71± 49
days) was comparable to the 70 days reported for Mashona cows
(Rhaka et al., 1971), but less than the 85 days for cows of other
tropical breeds (Mukasa-Mugerwa, 1989). The interval between
the resumption of post partum cyclicity and conception is long
compared to that reported by Holness and colleagues (1980) and
Rhaka and colleagues (1971) for Mashona cows on station. This
long interval may be due to the limited access the cows had to
bulls. It is also possible that the few bulls available were either of
poor fertility, or of low libido.
Most calvings took place during the first 3 months and the last 3
months of the calendar year. This implies that conception took place
during the rainy season, when adequate nutrition was available to
promote ovarian cyclicity. This calving period coincides with the
time when there is adequate nutrition. This is important for the
survival of calves during early life, since the cows would be
receiving enough nutrients to support milk production.
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Abstract
Mixed legume silages in the sub-tropics can play an important role
in providing good quality feed to livestock during the dry season.
The objective of this study was to determine the fermentation
characteristics and nutritional composition of conventional maize
and maize-tree forage legume silages. The coppice growth of tree
forage legumes, Acacia boliviana and Leucaena leucocephala were
ensiled together with maize that was harvested at medium dough
stage in a 50:50 ratio (w/w). The ensilage was carried out in a
bunker for maize alone and in plastic bags for maize and mixed
maize-tree forage legume. The material was incubated for seven
weeks pending laboratory analysis. The silages had dry matter
content that ranged from 271 to 339 g/kg and was not significantly
different among the silages. The pH content of maize-leucaena
(pH 4.8) was higher than that of bagged maize silage (pH 3.7).
The maize-acacia and bunker maize silages had similar pH content
of 4.5. The ammonia-nitrogen content of the silages ranged from
7.46 to 10.1 %. The bagged maize silage had a higher content of
lactic acid than the maize-legume silages. The silages did not differ
in their content of propionic acid (0.72 – 1.00 g/kg DM) and acetic
acid (7.76 – 9.91 g/kg DM). The crude protein content of the maizelegume silages that ranged from 176 to 209 g/kg DM) was greater
than that of maize alone silages that ranged from 65 to 71 g/kg
DM. The neutral detergent fibre content of the silages was not
different with values of 665, 608, 658 and 603 g/kg DM for bunker
maize, bagged maize, maize-leucaena and maize-acacia silages,
respectively. The modified acid detergent fibre content of bunker
maize (354 g/kg DM) and maize-leucaena (357 g/kg DM) silages
were higher compared to that of bagged maize (304 g/kg DM) and
maize-acacia (319 g/kg DM) silages. The ME content of the silages
ranged from 9.22 to 10.21 MJ/kg. The estimated digestibility of
the maize-leucaena (57.6 %) and bunker maize (57.9 %) silages
was significantly lower compared to that of bagged maize (63.8
%) and maize-acacia (62.2 %) silages. It is concluded that the
inclusion of tree legume forage produced good quality silage and
increased the crude protein content of tropical maize silage.
1.0
Introduction
In most parts of the tropics, livestock production is based on the
use of cereal crop residues and natural pastures. The nutritive value
of natural pastures fluctuates with seasons. In summer the crude
protein (CP) content ranges from 120 to 160 g/kg DM, but declines
to as low as 10 to 20 g/kg DM in winter. The crude fibre content of
natural grasses increases from 358 to 428 g/kg DM between early
and late summer (Topps and Oliver, 1993). Animal response in
terms of milk production and live mass gains from such roughages
is constrained by the quantity and quality of available feed
especially in the smallholder farming sector of Zimbabwe.
In recent years, the use of forage tree legumes in livestock
production systems in the tropics has increased. Forage tree legumes
offer several advantages to tropical livestock production systems
due to their high levels of protein and hence suitable as protein
supplements (Norton and Poppi, 1995). Trees and shrubs are a
group of feed supplements that are currently not fully exploited in
livestock feeding especially in the smallholder systems, because
the mode of utilisation has not been fully understood (Kaitho, 1997).
Forage conservation through ensilage is one mode of utilisation
that is widely practised in dairy enterprises with a view to providing

adequate good quality roughage for dry season feeding and reducing
the amounts of commercial feeds required.
In the high rainfall areas of Southern Africa, maize is the main
crop used for silage because of its biomass yield, fermentation
quality and energy content (± 12 MJ/kg DM). However, maize has
a low crude protein content of 50 g/kg DM and in order to produce
a high quality ration for dairy animals protein rich forage tree
legumes have to be introduced into the silage (Catchpoole and
Henzell, 1971; Titterton et al., 1997). There has been little research
on mixed maize-tree legume silages. The objective of this study
was therefore to determine the fermentation characteristics and
nutritional composition of conventional maize and maize-tree
legume silages.
2.0

Materials and Methods

2.1
Crops and Harvesting
The forage tree legumes used in the study were Acacia boliviana
(Acacia) and Leucaena leucocephala (Leucaena). The tree legumes
were established in November 1997 at the University of Zimbabwe
Farm located at 31o longitude, and 17.7o latitude and 1 500 m above
sea level with an annual rainfall ranging from 750 to 1000 mm.
The trees were cut to 0.5 m stubble height at the end of the 1998/
1999 growing season. The coppice growth of the 1999/2000
growing season was cut at 0.7 m high above ground level. The
leaves were stripped by hand from the branches and twigs.
Harvesting for the ensilage was done when the maize crop had
reached the medium dough stage. A motorised chuff cutter was
used to chop the maize into pieces of ± 5 cm long.
2.2
Ensilage process
Ensilage was done in 50 kg plastic bag silos. Five kilograms of
freshly chopped maize was weighed using a dial scale and placed
on a clean polythene paper spread on a flat floor. Similarly, five
kilograms of the respective freshly cut legume leaves was weighed
and thoroughly hand mixed with the chopped maize in a 50:50
ratio (w/w). The mixed forages were then packed in the plastic
bags and compacted by hand to exclude as much air as possible
and then tied by a string ensuring air-tightness. Ten kilograms of
fresh chopped maize was also ensiled in plastic bag silos while
some of the maize was ensiled in a bunker. The material was then
left to incubate for seven weeks before samples were taken for
laboratory analyses. Each treatment was replicated six times.
2.3
Forage sampling
After a seven-week incubation period, three bags of each of the
respective silages were randomly selected, opened and thoroughly
mixed before three two-kilogram samples were taken for laboratory
analyses. Similarly, three one-kilogram samples of the bunker and
bag maize silages were taken for laboratory analyses.
Representative samples were dried at 60 oC for 48 hours in a forcedair oven and ground to pass a 1 mm screen for laboratory analysis.
2.4
Laboratory analyses
The dry matter (DM) content of the silage samples was determined
in a forced air oven at 60 °C for 48 hours. The crude protein (CP)
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content was determined by the Kjeldahl method (AOAC, 1984).
The neutral detergent fibre (NDF) and modified acid detergent
fibre (MADF) were determined using the procedures outlined by
the Association of Official Analytical Chemists (AOAC, 1984).
Total ash was obtained by igniting a dried sample in a muffle furnace
at 500 oC for 24 hours. The energy content of the silages was
estimated from the MADF values according to the following
formula:
ME (MJ/kg) = 0.16D
Where D is the estimated digestibility of the forage calculated from
the MADF value from the formula (Givens et al., 1989)
Digestibility (D) = 99.43 - 1.17*MADF
The fermentation parameters determined for the silages included
pH, ammonia nitrogen (NH3-N), volatile fatty acids (VFA’s) and
lactic acid (LA) using the procedures outlined by the Agricultural
Development and Advisory Service of the Ministry of Agriculture,
Fisheries and Food in the United Kingdom (MAFF, 1985).
2.5
Statistical analysis
The fermentation parameters and chemical composition data of
the silages was analysed using the Statistical Analysis Systems
analysis of variance procedures (SAS, 1990) for a completely
randomised design. The difference between treatment means was
assessed using the Tukey Studentised Range test (SAS, 1990).
3.0

RESULTS

3.1
Silage fermentation characteristics
The fermentation characteristics of the silages are shown in Table
1. The dry matter (DM) content of the silages was not significantly
(P > 0.05) different. The maize-leucaena silage had the highest (P
< 0.05) pH content than the other three silages. The pH content of
maize-acacia and bunker maize silages were similar but

significantly (P < 0.01) greater than that of bagged maize silage.
The amount of NH3-N in the four silages was not significantly
different and ranged from 7.46 to 10.09 %.
The bagged maize silage had a significantly higher (P < 0.01) lactic
acid concentration than the two mixed maize-tree legume silages.
The amounts of acetic acid and propionic acid did not vary
significantly (P > 0.05) among the silages and ranged from 0.72 to
1.00 g/kg DM. The bagged maize silage had significantly (P <
0.01) greater quantities of butyric and iso-butyric acids compared
to that of maize-acacia silage. The maize-leucaena silage had similar
content of butyric acid and iso-butyric acid to that of bagged maize
and maize-acacia silages. The maize-tree legume silages had similar
content of iso-valeric acid.
3.2
Nutritional composition of the silages
The chemical composition of the silages is shown in Table 2. The
DM content of the silages was not different (P > 0.05) and ranged
from 271 to 339 g/kg. The bunker and bagged maize silages had
significantly (P < 0.05) lower CP content compared to the maizetree legume silages. The protein content of the maize-acacia silage
was significantly greater (P < 0.05) than that of maize-leucaena
silage. The four silages had similar NDF content that ranged from
603 to 665 g/kg DM. However, the MADF content of bunker and
maize-leucaena silages was significantly (P < 0.05) higher than
that of bagged and maize-acacia silages which between themselves
were not different. The bagged silage had significantly greater (P
< 0.05) ME content compared to bunker and maize-leucaena
silages, which they themselves were not different. The ME content
of maize-acacia silage was not different from that of the other
silages. The ash content of maize-leucaena silage was higher (P <
0.05) than that of bunker silage and maize-acacia silage. The bagged
maize silage had an ash content that was similar to that of the other
silages. The estimated digestibility of the silages followed a trend
similar to ME content and ranged from 57.6 to 63.8 %.

Table 1. The fermentation parameters of the maize alone and maize-tree legume silages.
Silage Type
DM (g/kg)
pH
NH3-N (%)
Organic acids (g/kg DM)
Lactic acid
Acetic acid
Propionic acid
Iso-butyric acid
n-butyric acid
Iso-valeric acid
nd = Not determined

Bunker Maize
309a
4.5b
9.59a

Bagged Maize
271a
3.7c
7.46a

Maize-Leucaena
276a
4.8a
10.09a

Maize-Acacia
339a
4.5b
8.09a

nd
nd
nd
nd
nd
nd

73.25 a
9.56
1.00
3.10 a
0.96 a
nd

33.30 b
9.91
0.99
2.24 ab
0.68 ab
2.34

29.00 b
7.76
0.72
1.75 b
0.47 b
1.59

abc
Values in the same row with different superscripts are different at P < 0.01.
Separation of means was according to the Tukey Studentised Range Test.

Table 2. Chemical composition of maize alone and mixed maize-tree legume silages.
DM (g/kg)
CP (g/kg)
NDF (g/kg)
MADF (g/kg)
ME (MJ/kg)
Ash (g/kg)
Digestibility (%)

Bunker maize silage
309
65.0c
665.0
353.5a
9.29b
5.6b
57.9 b

Bagged maize silage
271
71.2c
608.2
304.4b
10.21a
6.6ab
63.8 a

Maize-Leucaena silage
276
176.0b
658.4
357.4a
9.22b
7.4a
57.6 b

abc
Means within the same row with different superscripts are different at P < 0.05.
Separation of means was according to the Tukey Studentised Range Test.
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Maize-Acacia silage
339
208.7a
602.6
318.6b
9.95ab
5.6b
62.2 ab
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4.0
Discussion
The quality of the silages was of satisfactory quality as indicated
by the DM content that was within the range of 210 – 320 g/kg
(Titterton et al., 1997). In ruminant nutrition DM is important
because it has a bearing on the rumen fill effect that affects voluntary
feed intake, passage rates and overall digestibility of a feed
(Minson, 1990). The pH values of the silages ranged from 3.7 to
4.8. The pH values were similar to those found by Titterton et al.,
(1999) where maize silage achieved a pH of 4.0, mixed maizeleucaena 4.6 and maize-acacia 4.7. It is generally believed that
leguminous forage material has high buffering capacity, which
would result in relatively high pH values in silages made from
such material (Uchida and Kitamira, 1987). The pH values achieved
in this study seem to suggest that when the tree legume is mixed
with maize that has high levels of fermentable carbohydrates the
buffering effect is reduced and desirable pH levels are achieved.
The content of ammonia nitrogen of the silages obtained in this
study of 7.46 to 10.1 % were less than 11 % that has been reported
to be ideal (Catchpoole and Henzell, 1971; Tjandraatmadja et al.,
1993). The plastic bag silo technology may have contributed to
the production of good quality silage because it seems to provide
better anaerobic conditions compared to bunker maize silage. This
can be confirmed by the fact that the amount of the NH3-N was
low (< 11 %) including in the mixed silages where there was a
higher level of proteins. The low pH and low NH3-N found in this
study suggest that there was little proteolysis of the protein. The
variation among the silages in the pH and the NH3–N values could
be explained by seasonal variation of the quality of the material
and the harvesting and ensiling techniques.
Ensiling is a forage preservation method that relies on lactic acid
fermentation. The lactic acid bacteria ferment water-soluble
carbohydrates in the forage crop to lactic acid, and to lesser extent
to acetic acid (Woolford, 1975). Due to the production of these
acids the pH of the ensiled material decreases inhibiting spoilage
microorganisms. The lactic acid content of the silages was within
the range of 19.2 to 65.5 g/kg that has been reported for tropical
cereal-legume mixed silages (Tjandraatmadja et al., 1993).
Woolford (1975) identified propionic acid to have the greatest
antimycotic activity and could be used to stabilise silages at the
rate of 1 to 2 % of the DM. The propionic acid levels obtained in
maize silage in this study suggest that it could be more stable than
the mixed silages.
Multipurpose leguminous trees are good sources of protein in
conserved forages especially in the tropics. The inclusion of tree
legume forages during ensiling of maize increased the crude protein
content of the silage from 65 to 209 g/kg DM. This finding is in
agreement with other findings by Tjandraatmadja et al., (1993)
and Titterton et al., (1997). The efficiency of utilisation of the CP
in the mixed silages is not guaranteed due to the perceived
interference from the polyphenolic compounds such as tannins that
are present in tree legume forages (Salawu, 1997; Kaitho, 1999;
Hove, 2000). Therefore, the feeding value of mixed silage can best
be judged from the performance of animals in a practical feeding
trial.
The NDF values of the mixed maize-tree legumes, 603 – 665 g/kg
DM, are within the range for some forage silages in the tropics
(Tjandraatmadja et al., 1993; Titterton et al., 1997). The MADF
values of the silages, 304 – 358 g/kg DM were within the 220 500 g/kg DM range suggested by Slater (1991). The lower the
MADF the higher the energy level in a forage or silage. The values
obtained in this study indicate that the mixed maize-tree legume
silages have a potential to replace the silage from traditional crops
such as maize and sorghum if other factors are ideal. It is important
to note though that the NDF and MADF levels are dependent on
the maturity stage of any given forage (Minson, 1990) since they
are essentially indicating the levels of cell wall components mainly
the cellulose, hemicellulose and lignin (for NDF) and cellulose
and lignin (for MADF).

proceedings of the seventh symposium on science and technology

5.0
Conclusion
The results show that the inclusion of tree legume leaves produced
good quality mixed silage with high protein content. The good
fermentation characteristics and improved digestibility of the mixed
silages showed that they have the potential of eliminating
commercial feeds in low yielding dairy cows.
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IDENTIFICATION AND CHARACTERIZATION OF HISTIDINE-RICH PROTEINS POTENTIALLY SECRETED
BY THEILERIA PARVA SCHIZONTS
Deckster Tonny Savadye
University of Zimbabwe, Department of Biochemistry P.O Box MP 167 Mount Pleasant, Harare

Abstract
Identification of Theileria parva schizont antigens capable of activating
protective bovine immune response to theileriosis is the key to the
development of an improved vaccine against this economically important
disease of cattle. This study was conducted to identify and characterize
the histidine-rich protein homologues of T. parva. T. parva-infected and
uninfected bovine lymphoblastocytes were cultured in vitro. Histidinerich antigens were purified from these bovine lymphoblastoid cells by
nickel affinity chromatography and used to generate antibodies by
immunising mice. The mice were successively immunized at two-week
intervals starting with 10 µg of antigen in complete Freund’s adjuvant
and then with 20 and 40 µg of antigen in incomplete Freund’s adjuvant.
Five mice were immunized with antigens from infected cells, another
group of five mice were immunized with antigens from uninfected cells
and another group of five mice were immunized with phosphate buffered
saline (negative control). The mice were test bled on Day 45. The groups
of mice immunized with antigens from both infected and uninfected
bovine lymphocytes developed antibodies that reacted with these antigens
on Western blotting. Some proteins detected by the anti-sera were present
only in infected cells, particularly the 72 and 69 kD proteins. The 69 kD
protein was purified from a blot and used to immunise mice from the
previously negative control group so as to generate specific antibodies
against this protein. The antiserum generated reacted positively with the
69 kD protein in infected cells only and the 69 kD protein was also
demonstrated by Western blotting to be present in sporozoite and
piroplasm antigens. It was concluded that these proteins could represent
histidine-rich proteins of T. parva.

1.0
Introduction
Tick-borne diseases challenge the productivity of the livestock
industry in Zimbabwe. One such tick-borne disease of cattle is
theileriosis (also known as East Coast fever or January disease).
Theileriosis is caused by Theileria parva and transmitted by brown
ear tick Rhipicephalus appendiculatus. Theileriosis occurs in
several other African countries namely Kenya, Uganda, Burundi,
Rwanda, Tanzania, Sudan, DRC, Malawi and Zambia. The disease
is responsible for high direct losses by farmers in the region. In
1989, theileriosis caused farmer direct losses amounting to over
US$164 million (Mukhebi et al., 1992). In Zimbabwe theileriosis
threatens the capacity of the country to export beef to European
and Asian markets. Since cattle are a source of wealth in addition
to being of social and cultural value there is a need to control
theileriosis so as to reduce losses by farmers and increase
productivity.
The several methods of controlling theileriosis include dipping
cattle in acaricide, treatment of infected cattle using drugs, and
vaccination. Vaccination of cattle against theileriosis is probably
the most effective and sustainable because it is long lasting and
easy to manage. The currently available method of vaccination
against theileriosis was developed in the mid 1970s (Cunningham
et. al., 1974). The method involves the inoculation of cattle with
live tick-derived T. parva sporozoites, in the form of a ground-up
tick stabilate, followed by treatment with antibiotics hence its name,
infection and treatment. In Zimbabwe the vaccine against
theileriosis is called BOLVAC® and it uses the local strain of T.
parva called the Boleni isolate. The Boleni isolate is so mild that
it is not necessary to treat when administering BOLVAC®.
Although vaccination against theileriosis using live tick-derived
T. parva sporozoites is effective, it has been poorly adopted by
farmers due to several problems. Most importantly, its components
are not well characterised since the stabilate used is made from

sporozoite-infected salivary glands of the tick vector. It also requires
a cold-chain storage during deployment since it makes use of the
live parasite. Additionally the vaccine is bulky. These problems
increase the cost of using the vaccine hence there is a need to
develop an improved, cheaper and safer vaccine that incorporates
parasite proteins capable of activating protective immune responses
in cattle.
Efforts to identify T. parva proteins that activate protective immune
responses have yielded several potential vaccine candidates. For
example the p67 sporozoite surface antigen was identified using
monoclonal antibodies (Musoke et al., 1984; Dobbelaere et al.,
1985). The vaccine potential of the recombinant form of p67 has
been demonstrated under laboratory conditions to have 70%
protection rate in vaccinated animals following needle challenge
with a defined dose of sporozoites (Musoke et al., 1992). The mode
of action of the p67 immunisation depends on a strong humoral
immune response that neutralizes the infective sporozoites. The
protection is dependent on the infecting dose and the vaccinating
stock. The performance of the p67 vaccine in the field has not yet
been reported.
The humoral immune response alone cannot however be very
effectives since it is known that the protective immune response to
T. parva is cell-mediated and directed against the pathogenic
schizont stage that occurs inside infected lymphocytes. There is
therefore a need to identify the antigens of the pathologically
important schizont stage. Some schizont antigenic proteins
identified so far are the polymorphic immunodominant molecule
(PIM), (Toye et al., 1996) and the 32-kilodalton protein (p32),
(Skilton et al., 2000). Both antigens were, however, demonstrated
to have poor vaccine potential.
Focus has never been made on specific proteins of schizonts
predicted to be secreted or surface- expressed. Also there has been
a tendency to rush to produce recombinant proteins before the native
proteins had been purified and characterised. It is possible that a
recombinant protein may not be as immunogenic as the native
protein, for example, recombinant p67 antigen produced in E. coli
was not correctly folded hence did not preserve the sporozoiteneutralising epitopes of native p67, (Kaba et al., 2003). This report
describes the purification and characterisation of native histidinerich proteins of T. parva schizonts. By characterising these native
proteins, the features that make them immunogenic will be
identified and incorporated in the subsequent production of a
vaccine.
The histidine-rich proteins (HRPs) contain long stretches of
histidine amino acids in their primary structure. Similar proteins
were identified in Plasmodium falciparum and Plasmodium
lophurae (Ravetch et al., 1984; Wellems and Howard, 1986). The
Plasmodium histidine-rich proteins are secreted so the T. parva
homologues are also likely to be secreted. Although P. falciparum
HRPs were not effective as vaccines against malaria, they have
since proved very useful in the diagnosis of the disease. The HRPs
may not have been effective as vaccine against malaria because
they are expressed in red blood cells, which are not capable of
processing these antigens for presentation. The T. parva
homologues may, however, be effective since they are expressed
in lymphocytes capable of processing them for presentation in the
MHC-class I pathway.
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2.0
Objectives and Scientific Hypothesis of the Study
The objective of this project was to identify T. parva histidine-rich
proteins. The null hypothesis was that T. parva possesses HRPs
that these HRPs are either secreted or membrane-associated. The
specific objectives were:
1.1 To purify native HRPs of T. parva from cultured bovine
lymphocytes infected with T. parva schizonts.
1.2 To generate antibodies against the purified antigens in
mice.
1.3 To determine the HRPs that are expressed in infected cells
and obtain information on their molecular weights and
their stages expression profiles using Western-blotting
assays.
3.0

immunisation. The antigen and the adjuvant were mixed until they
formed a thick white emulsion. The antigen was injected
subcutaneously with each mouse receiving 200 µl of the antigen
preparation. The antigen preparations for the secondary and tertiary
immunisations were similarly prepared but were mixed with
incomplete Freund’s adjuvant. The second and third immunisations
were administered on Days 13 and 35, respectively.
On Day 45 (10 after the tertiary immunisation), all the mice were
bled for antisera. Blood was collected through the tail-vein and
sera prepared according to the procedure described by Hallow and
Lane (1988). The sera were tested by Western blotting for
antibodies reactive with antigens purified from con A-activated
and T. parva-infected bovine lymphocytes.

Material and Methods

3.1
Cell Culture
Both T. parva schizonts infected and concanavalin A-activated
bovine lymphoblastocytes were cultured in vitro using the methods
described by Brown (1983). The cell growth was visually assessed
everyday for change in pH of the medium and by examining the
culture vessels under an inverted stereo-microscope.
When the required cell density of 1 ×108 per ml was achieved the
cells were harvested. The density of the cultured cells in the medium
was estimated using the haemocytometer method as described by
Hallow and Lane (1988). The cells were harvested from the culture
medium by centrifugation for 10 minutes at room temperature at
900 × g to pellet the cells. The cells were washed twice by
resuspending them in phosphate buffered saline (PBS) pH 8.0.
Centrifugation at 900 × g was conducted after every wash. The
final cell pellets were used to prepared antigens for immunisation
and Western blots.
3.2
Preparation of the Antigen
Each washed cell pellet was resuspended in 1 ml PBS and subjected
to three freeze-thaw-sonication cycles to lyse the cells and release
the proteins. The lysate was clarified to remove cell debris by
centrifugation at 10000 × g for 10 minutes. The supernantant
contained the proteins and the pellet contained the cell debris. A
50 µl aliquot of each supernantant was saved for SDS-PAGE
analysis. The remainder of the supernatant was pipetted into a fresh
centrifuge tube and mixed with an equal volume of nitrilotriacetic
acid-nickel (NTA-Ni2+)-agarose resin. The resin served to trap all
proteins that contained at least 6 histidine residues in proximity to
each other. The protein lysate and the resin were mixed on a rolling
platform for 30 minutes and then centrifuged at 900 × g for 10
minutes to recover the resin. The supernatant, which contained
unbound proteins, was removed using a pipette and placed in a
fresh tube. The resin with bound proteins was transferred to a
column and washed thrice with 500 µl PBS pH 8.0 per wash to
remove unbound and weakly bound proteins. Bound proteins were
then eluted with two washes of the column with 250 µl PBS pH
4.0. The eluate was neutralised by adding 250 µl of PBS pH 8.0
and the protein concentration was estimated using the
Bicinichoninic acid (BCA) method (Smith et al., 1985).
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3.3
Immunisation of Mice
Fifteen numbered, inbred and 6 week-old BAB/c mice were bled
for pre-immune sera prior to immunisation and tested for antibodies
reactive with antigens purified from con A-activated and T. parvainfected bovine lymphocytes. The mice were put into three groups
of five each that were kept in separate cages and were given food
and water accordingly. Group 1 was immunised with antigen from
T. parva-infected bovine lymphocytes and adjuvant. Group 2 was
immunised with antigen from conA-activated bovine lymphocytes
and adjuvant. Group 3 was immunised with PBS and adjuvant.
Mice in Group 1 were exposed to both parasite and bovine antigens
and mice in Group 1 were exposed to bovine antigens only. Mice
in Group 3 were exposed to PBS and adjuvant only and acted as a
negative control. The antigen was made up to 500 µl with PBS and
mixed with 500 µl of complete Freund’s adjuvant for the primary

3.4
Western Blotting Assays
The antigen bound blots used for the Western blotting assays were
prepared using standard methods (Hallow and Lane 1988). Sodium
dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE)
was conducted on a 12% resolving and a 2% stacking
polyacrylamide gel using the Mighty Small II SDS-PAGE apparatus
(Hoefer Scientific). After electrophoresis, the gel was either stained
with Coomasie blue stain to visualise the proteins or electrotransferred onto nitrocellulose membranes for Western blotting.
Electro-transfer of the resolved proteins onto a nitrocellulose
membrane was conducted at a constant voltage of 70 V, at 10°C
for 3 hr, or overnight at 15 V in transfer buffer using the standard
procedure.
The pre-immunisation serum was used as a negative control for
each mouse. Positively reactive sera from each group of mice were
pooled and used for immuno-blot assays. Prior to reacting the blots
with the mouse antisera, the nitrocellulose membranes were blocked
for 30 min in blocking buffer(20 mM Tris/HCl [pH 8.0], 150 mM
NaC, 0.25% gelatin). The antigen-bound nitrocellulose blots were
then reacted with 1:100 dilution of both pre- and post-immunisation
sera. The serum was diluted in TBS blocking buffer and incubated
with the blots for 2 hr on a rocking platform at room temperature.
After the primary antibody reaction, the blots were washed in TBS
with 0.25% Tween 20 for 5 minutes, reacted with the anti-mouse
IgG-alkaline phosphatase conjugate and positive reactions were
detected by incubating the blots in alkaline phosphatase substrate.
3.5
Generation of Antibodies Specific to the 69 kD Protein
After identifying the proteins that were expressed only in infected
cells, antibodies specific to the 69 kD potentially parasite specific
protein were generated. Purified proteins from infected
lymphocytes were resolved by SDS-PAGE as previously described.
On this occasion, however, a blank comb was used to make one
large well and one small well in the stacking gel. Protein molecular
weight markers were loaded in the small well and 600 µg of purified
antigen was loaded in the large well. After electrophoresis, the
proteins on the gel were electro-transferred onto a nylon membrane
using the procedure described earlier. The blot that resulted was
stained with Indian ink to visualise the protein bands. The 69 kD
protein was located and cut out of the gel. The cut strip was used
to prepare antigen by freezing it in liquid nitrogen and then crushing
it into a powder. The powder was resuspended in 1 ml of PBS and
used to immunise two mice from the previously negative control
group. The mice were immunised three times as previously
described. Ten days after the tertiary immunisation (Day 45) the
mice were bled for sera and the sera was tested by Western blotting
for reactivity with the total and purified bovine lymphocyte antigens
(infected and uninfected). The sera were also used to determine
whether in the 69 kD protein was present in sporozoite and
piroplasm antigens. The sporozoite and piroplasm antigens were
obtained as frozen lysates of piroplasms and sporozoites from the
Central Veterinary Research Laboratory in Harare. The sporozoites
were prepared from experimentally infected ticks and the
piroplasms were from the blood of an infected cow. Both the
sporozoites and the piroplasms were of the T. parva Boleni strain.
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4.0
Results
All the mice that were used in the experiments survived the duration
of the experiments. Sera collected from all the mice prior to
immunisation did not have any antibodies reactive with proteins
from either con-A-activated or T. parva-infected bovine
lymphoblastocytes. After immunisation, sera collected from five
mice in the negative control did not react positively with any
proteins from both, normal and T. parva-infected bovine
lymphoblastocytes (Figure 1).

Figure 3. Immunoblot showing the reactions of mouse post
immunisation serum generated against proteins purified from bovine
lymphoblastocytes infected T. parva (Muguga) schizonts with: Lane
1-total proteins from con-A-activated bovine lymphoblastocytes; Lane
2-total proteins from bovine lymphoblastocytes infected T. parva
(Muguga) schizonts. Molecular weight markers are shown in
kilodaltons (kD) on the left-most lane.

Figure 1. Immunoblot showing the reactions of normal mouse serum with:
Lane 1-total proteins from normal bovine lymphoblastocytes; Lane 2- total proteins from bovine lymphoblastocytes infected T. parva (Muguga)
schizonts. Lane M shows the molecular weight markers in kilodaltons (kd)

Floccules were prepared and used to generate specific antibodies
against the strongly reactive 69 kD protein. Antiserum generated
against this antigen reacted only with a 69 kD in infected cells but
was negative in con-A-activated normal cells. The antiserum also
reacted with a protein of the same size in the sporozoite and
piroplasm stages (Figure 4). There were, however, two forms of
the protein in sporozoites, the other form being about 97 kD (Figure
4

Sera generated using proteins purified from con-A-activated bovine
lymphoblastocytes reacted weakly with proteins from both con-Aactivated and T. parva-infected bovine lymphoblastocytes (Figure
2). Several protein bands from both cell types reacted with the
antiserum, particularly those in the 47 kD size range. Antiserum
generated against purified proteins from infected cells reacted with
several proteins in both, con-A-activated and T. parva-infected
bovine lymphoblastocytes (Figure 3). An approximately 69 kD
protein strongly reacted with the antiserum and was notably only
present in infected cells.

Figure 4. Immunoblot reactions of mouse antiserum generated against the
69kD proteins with total proteins from with: Lane 1-schizont infected
bovine lymphoblastocytes (T. parva Muguga); Lane 2-T. parva Boleni
sprozoites; Lane 3-T. parva Boleni piroplasms. The molecular weight
markers in kilodalton (kd) are on the leftmost lane.

Figure 2. Immunoblot showing the reaction of mouse post-immunisation
serum generated against proteins purified from con-A-activated bovine
lymphoblastocytes: Lane 1-total proteins from normal bovine
lymphoblastocytes; Lane 2-total proteins from bovine lymphoblastocytes
infected T. parva (Muguga) schizonts. Lane M shows the molecular weight
markers in kilodaltons.

4.0
Discussion
Five mice were used in each group to guard against possible loss
of mice due to death. Inclusion of several mice in a group enabled
assessment of uniformity of reactions from each mouse at the testing
level. After testing each mouse for sero-conversion, positively
reactive sera for each group were pooled and used for Western
blotting assays. The dilution of the sera of 1:100 was reached after
testing several dilutions and this dilution was determined to give
the best blots. The reaction of normal mouse serum obtained from
the negative control mice (Group 3) and the pre-immunisation
serum from all the mice expectedly did not react positively with
any antigens from the cell types tested.
The purification with NTA-Ni2+-agarose was assumed to be specific
for those proteins containing histidine residues. The affinity of
histidine for nickel ions is due to the imidazole ring of the amino
acid. An amino acid like tryptophan that has a similar structure to
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the histidine would also bind to the column. The number of residues
present in each protein would determine the binding strength of all
the proteins that contain histidine or tryptophan. The higher the
number of residues the stronger the binding of the protein to the
column. The stringency of washing used to remove weakly bound
proteins was optimised to retain those proteins containing at least
six contiguous histidines or tryptophans. On that basis, it was
assumed that the proteins that were eluted from the column and
used for immunising the mice contained at least six histidine amino
acids in their primary structure. Since, the proteins were native
and undenatured, their secondary and tertiary structures would have
some influence on their binding properties.
The antisera against the native proteins were used to determine
whether the 69 kD protein was only expressed in infected bovine
lymphoblastoid cells. This potentially parasite specific protein was
earlier on detected using antiserum against a recombinant truncated
protein expressed from a cDNA clone (Savadye, 1999). The results
of this project confirmed the existence of the protein. Although
several proteins purified by the nickel column were potentially
parasite-specific, the 69 kD protein reacted more strongly with the
antiserum, implying that it could be the most antigenic. Sera
generated using con-A-activated bovine lymphoblastoid cell
proteins reacted weakly with the immunising antigens as shown in
figure 2, meaning that the immune response was not very strong.
This is probably expected in that mice and cattle being mammals
share high homology in their proteins, and therefore, most of the
bovine proteins would not activate a strong mouse immune
response. T. parva being a protozoan parasite would have more
antigenic proteins in the mouse than the bovine proteins due to the
low homology of their proteins. This also served to support that
most of the highly reactive protein bands like the 69 kD protein
identified in infected bovine lymphocytes are highly likely to be
parasite-specific.
The 69 kD protein was expressed in sporozoites, schizonts and
piroplasm stages of the parasite as shown in figure 4. This makes it
a good vaccine candidate since expression in the three stages means
that if immunisation with the 69 kD protein produces protective
immune response in cattle, it would be effective against all the
stages, including the pathologically important schizont stage. It
would also prevent the development of piroplasm, the stage
infective to ticks, thereby blocking the life cycle of the parasite.
There was an unexpected result in piroplasm antigens that showed
that there were two bands reactive with the antiserum generated
against the 69 kD protein, with another band of 97 kD being
detected. It is possible that this could be a splice variant of the
same protein only expressed in piroplasms or there could be another
protein which shares some epitopes with the 69 kD protein.
Although the 69 kD protein is in the same size range as the p67
antigen, it is a different protein since the p67 is not expressed in
schizonts and piroplasms (Nene et. al. 1992). The 69 kD protein
is therefore an additional antigen that can be evaluated for its
vaccine potential.
The 69 kD protein was the most immunodominant of the purified
antigens and the protein is highly likely to be parasite specific since
it was detected in infected cells and not in uninfected cells. In
addition, the protein was also detected in sporozoite and piroplasm
antigens. Piroplasm antigens are almost free of host proteins since
this stage, which occurs in bovine red blood cells, can be purified.
The 69 kD protein is potentially histidine-rich since it was purified
using a nickel affinity chromatograph column using conditions
optimised for histidine binding. This protein compares in size to
histidine rich proteins that have been identified in Plasmodium
falciparum. Since T. parva and P. falciparum are both
apicomplexan parasites the 69 kD protein could be one homologue
of T. parva histidine rich proteins.
Further work needs, however, to be done to identify the gene(s)
that encode the 69 kD protein and to confirm if the gene is parasite182
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specific at genetic level. After this a recombinant form of the protein
can be produced and its vaccine potential in cattle tested.
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Abstract
A study was undertaken to determine the effect of Aloe vera (A. vera) in
controlling coccidiosis in chickens. First structured questionnaires were
used to determine the traditional use of herbs in poultry management
from randomly selected farmers. Males (64 %) used the herb more than
females (36 %). No side effects of using the Aloe herbs were reported. In
the second trial varying concentrations of A. vera extract (0 %, 15 %, 30
% and 45 %) or sulphachlopyrazine sodium monohydrate (Esb3® Novartis
Control) were evaluated on sporulation in petri dishes. The number of
sporulated oocysts decreased (P < 0.05) as the herb concentration
increased, suggested that there is a dose-response relationship between
coccidian oocysts and A. vera concentration. There is potential in using
A. vera in the control of coccidiosis although more studies need to be
done.

The second experiment was carried out in the Parasitology
laboratory, Department of Paraclinical Veterinary Studies, Faculty
of Veterinary Science, University of Zimbabwe.

Key words: Ethno-veterinary medicine, Aloe vera, Coccidia, Chickens

In the second experiment oocysts were randomly allocated to 5
treatments, with three replications per treatment. These were, in
turn, randomly allocated to petri dishes. Treatment 1 had 0 % A.
vera extract, treatments 2, 3 and 4 had 15, 30 and 45 % A. vera
extract proportion, respectively. Treatment 5 had
sulphachlopyrazine sodium monohydrate (Esb3® Novartis Control),
at a recommended application rate of 15 g per 15 litres of water
thus, 0.02 g Esb3® Novartis was mixed in 20 ml water (0.1 % w/v).
Oocysts were incubated for 48 hours at a temperature of 25 °C,
after which counting of sporulated and unsporulated oocysts were
done by the aid of the modified Mc. Master technique.

1.0

Introduction

The Aloe vera plant belongs to the lily family (Davis et al. 1994).
It is thought to have healing for eternal wounds, soothing minor
burns, scrapes, and ulcers, alleviating arthritis, constipation and
piles. It also possesses pharmacological, antibacterial, anti-venin
and immunological properties. There is, however, little
documentation of the use of ethno-veterinary medicines, as many
researchers and health practitioners view these practices as
backward. These medicines are likely to be more important in
future, especially given the escalating costs of drugs.

Experimental Design and Data Collection

A diagnostic survey on traditional health management of chickens
was conducted in January 2004 in Mushagashe small-scale
commercial farming area, using trained enumerators. Farmers who
farm with chickens within the Mushagashe area were randomly
selected. One hundred and fifty structured questionnaires were
distributed to farmers.

2.3

Statistical Analyses

In developing countries, village chickens represent an appropriate
system to feed high quality protein the fast growing human
population and to provide income to poor smallholder farmers,
especially women. However, high mortality rates of chickens,
mainly due to diseases, including coccidiosis and outbreaks of
diseases constitute one of the greatest constraints on chicken
development (Muchadeyi, 2004; Kusina et al., 2001).

In the first experiment frequencies of household demographic
distributions, the use of the A. vera and the major disease problems
were computed using the Statistical Package for the Social Sciences
(SPSS, 1999). The association between religion, sex and level of
education of head of household, and use of A. vera were computed
using the Chi-square test in SPSS (SPSS, 1999).

The first objective was, therefore, undertaken to establish the usage
of traditional herbs, with particular emphasis on the A. vera in
smallholder chicken production.

In the second experiment the following model was used to analyse
the effect of each A. vera on sporulation of coccidia oocysts:

The second objective was also to determine the optimum
concentration of A. vera needed to control coccidiosis in chickens.
2.0

Materials and Methods

2.1

Study Sites

A diagnostic survey was carried out in Masvingo in the Mushagashe
small-scale commercial farming area that has 19° 55′S and 30°
50′E latitude. The area was chosen because it is known for having
various Aloes in abundance. Mushagashe is in Masvingo Province,
about 300 km south of Harare. The area is situated in the Agroecological Region IV, where the annual rainfall is about 600 mm
and occasionally experiences droughts. Most farmers are engaged
in poultry production using commercial and indigenous chicken
breeds, with a few farmers farming imported and crossbred
chickens.
184

2.2

Yij = µ + Ti + εij
Where: Yij

= the jth observation of the ith treatment
where i = 1, 2, 3, 4 and 5, and j (the
sporulation or unsporulation counts) =
1, 2, and 3
µ
= Overall mean
Ti
= Effect due to treatment where i = 1,
2, 3, 4 and 5
εij
= residual error
The count data was converted to percentages and the data was
tested for normality with the aid of the General Linear Model
procedure of the SAS (SAS, 1996). Following that the data was
not normally distributed arcsine transformations were performed.
The collected data was then analyzed using analysis of variance
(SAS, 1996) using the General Linear Model procedures. Tukey’s
test was used to compare differences between treatment means.
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Extraction of Aloe Juice

In the second experiment fresh aloe leaf extract of the broad leaf
variety was used. The leaves were thoroughly washed using water
before being minced in preparation for extracting juice. Thorns on
the leaves were removed using a scalpel blade, after which the
leaves were cut into small cubes for easy mincing. The Aloe juice
was collected in a bucket from the mincer and then stored in sample
bottles in a refrigerator at 4 °C pending use to avoid oxidation.
Before use, the juice was thoroughly mixed to obtain a uniform
solution, using a kitchen blender.
2.5
Isolation of Coccidia
Fresh chicken faeces of birds infected with coccidiosis were
collected. Oocysts were washed and separated from the litter using
a standard Tyler 80 µm mesh sieve (Conway, 1979). The isolation
of droppings from droppings was done using the procedure
conferred by Conway (1979).
2.6

Sample Preparation for Incubation and Counting

The prepared oocysts-potassium dichromate-water mixture was
centrifuged for 5 minutes at a gravity of 2000 rpm so as to increase
oocysts counts in a millilitre of oocysts-water-potassium dichromate
mixture/solution. A 5 ml Pasteur pipette was used to withdraw a 1
ml aliquots of oocyst solution that was randomly allocated to each
of the fifteen prepared petri dishes, into which various A. vera and
Esb3® Novartis concentrations were added. The Esb3® Novartis
(0.02 g) per petri dish was weighed and introduced into 3 petri
dishes as a control. 100 % A. vera extract was used to make the
different dilutions of A. vera for use in the experiment. All the
petri dishes were then incubated at 25 °C for 48 hours.
3.0

Results

In the survey twelve percent of the farmers kept broilers, 85 %
had indigenous and 3 % had crossbred chickens and most chicken
feed was home grown (89.3 %). The farmers reported the major

poultry diseases in the Mushagashe district to be Marek’s disease
(100 %), coccidiosis (90.5 %), fowl typhoid (50.5 %), Newcastle
Disease (42.1 %), and fowl coryza in order of occurrence. A total
of 45.7 % of the farmers indicated that they used only traditional
methods to treat coccidiosis, 3.3 % indicated that they used
commercial methods and 51.1 % used both methods. Common
herbs used included Aloe vera, Aloe spicata, Lycopersicon
esculentum, Myrothamnus flabellifoilius, Lannea stullmannii,
Ficus burkei, Sarcostemma viminale, Capsicum annum, Parinaria
curatellifolia, Abizia gummisera/ Albizia adianthifolia and soot
(Table 1). Aloe vera was ranked as the most commonly used ethnoveterinary medicine (98.8 %), for both poultry and in other classes
of livestock. The use of A. vera was related to the prevalence of
the coccidiosis disease (Ç2 = 10.132; P < 0.05).
More male farmers (64 %) used A. vera than female farmers (36
%). In cases of a coccidiosis attack, the A. vera was given to both
healthy and sick birds. A few birds recovered only within weeks
(4.3 %). The A. vera was easy to use and was readily available all
year round. The majority of farmers also indicated that A. vera had
no side effects if used to treat poultry coccidiosis (98.9 %). The
efficacy of Aloes in comparison with other herbs was reported to
be generally good (49.5 %) and approximately 40 % of the farmers
reported that the Aloes were to be comparable to commercial
coccidiostats.
From the second experiment an increase in Aloe vera extract
concentration decreased the sporulation of coccidia oocysts (P <
0.05), thus, the number of sporulated oocysts decreased with
increasing A. vera treatment concentrations (Table 2). The 15 %
A. vera concentration and the 30 % A. vera concentrations were
not significantly different from the 0 % A. vera concentration in
inhibiting coccidia oocysts sporulation (Table 2). On the other hand
the 0 % A. vera, 15 % A. vera and 30 % A. vera treatments were
not significantly different from the Esb3® treatment and from the
45 % A. vera treatment concentration. However, the 45 % A. vera
treatment concentration inhibited the sporulation of oocysts as
compared to the Esb3® (p < 0.05).

Table 1 Common herbs used in the Mushagashe area and the proportion of farmers using each of the herbs for specific diseases
in chickens
Herb
Aloes (A. vera)

Vernacular Name
Gavakava

Diseases treated
Coccidiosis
Fowl Typhoid
New Castle
Lycopersicon esculentum
Tomato leaves
Eye problem
Myrothamnus flabellifoilius
Mufandichimuka
Coccidiosis
Lannea stullmannii
Musosoti
CoccidiosisPreventative
measure against poultry
disease
Ficus burkei (Wild fig)
Mutechani/ Murovamhuru Coccidiosis
Sarcostemma viminale (Milk rope)
Rusungwe/ Nyakadombo Gastrointestinal problems
Capsicum annum (Pepper)
Mhiripiri
Coccidiosis
Parinaria curatellifolia
Muchakata
Coccidiosis
Fowl Typhoid
Albizia gummisera and Albizia adianthifolia Mucherenje/ Muwora
Coccidiosis
Soot
Chin’ai
Coccidiosis
Combination of any of the above
mentioned herbs

Proportion (%)
62.0
10.4
6.7
0.7
1.5
0.7
0.7
0.7
0.7
6.0
2.2
0.7
5.2
1.5
23.1

Table 2 Least square oocyst counts means (± SE) following Aloe vera treatment on sporulation
% Aloe vera
Sporulated (counts/ g faeces)
Unsporulated (counts/ g faeces)
0
0.7ab
0.6
15
0.5ab
0.5
30
0.5ab
0. 6
45
0.3b
0. 8
Esb3®
1.3a
0.1
SEM
0.18
0.21
ab

Lsmeans with the same superscript within column are not different (P > 0.05)
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4.0

Discussion

Traditional medicines are widely used in the smallholder sectors.
The chickens were given home grown crops, which did not contain
coccidiostats, thereby causing the chickens to become susceptible
to the coccidia parasite infestation. Considering that commercial
drugs are expensive and unaffordable to most farmers and that
coccidiosis was prevalent, farmers were left with no choice but to
rely on traditional medicines. The A. vera was perceived as
convenient, reliable and cheap source of medication.
The finding that the herb was used for any chicken breed, more so
the hardy indigenous breeds, and that chickens quickly recovered
within days of treatment is in agreement with Grindlay and
Reynolds (1986) who reported A. vera to have various chemical
components that are likely to have therapeutic functions. In
addition, the herb was mostly used where chickens were frequently
infested with coccidiosis and chickens would recover within a week.
The observation that A. vera could be used to treat other diseases,
other than coccidiosis confirms the finding by Grindlay and
Reynolds (1986). There is a need to characterise the A. vera species
to isolate the active ingredients responsible for the control of
coccidiosis in chickens. The finding that Aloe vera was easily used
and readily available all year round is in agreement with Otto
(1997). The lack of side effects on chickens treated with the herbs
indicates that the herbs could work in conjunction with conventional
drugs, with no adverse effects.
Although the findings show that the forefathers informally taught
generations about the herbs, justification stands for the
standardization of the information on ethno-veterinary medicine,
thereby encouraging sustainability and conservation of these plants.
The importance and efficacy of the A. vera as perceived by the
smallholder farmers, calls for the setting up of a formal way of
informing farmers regarding the beneficial aspects of the herbs.
As a conclusion there is a flourishing and well-developed trade in
traditional drugs, indicating that further studies should be carried
out for validation of the herbs.
In the second experiment the A. vera extract concentration had an
effect on the sporulation of coccidia oocysts indicating that the
concentration that can be used is within the range of 30 and 45 %
of A. vera. Esb3® which is a broad spectrum antibiotic that kills
both bacteria and protozoa could not inhibit sporulation. As a
competitive antagonist of para-amino benzoic acid (PABA), it is
likely to be most effective against the vegetative stages of the
coccidia parasite. In addition, its antibacterial effect may have
enhanced sporulation. Conway (1979) supported the effect of
bacteria on sporulation of coccidia oocysts, by explaining that
potassium dichromate killed bacteria in a sample containing
coccidia oocysts- thereby enhancing sporulation of coccidia
oocysts.
In comparison with the treatment that had a coccidiostat, only the
45 % A. vera extract concentration had lower counts of sporulated
oocysts. This indicates that there were some components within
the extract that could delay sporulation of coccida oocysts. The
findings of the A. vera extract of following the pattern of the control
group 5 (Esb3® Novartis) of coccidiostat denotes that the herbs
may also act, if possible, on the parasites in the same manner the
coccidiostat would do, within the chicken. In addition, both the
Esb3® and the A. vera are used internally for the control of
coccidiosis, while sporulation of oocysts occurs outside the host
animal. It follows that the A. vera may not work effectively at the
sporulation stage but at other stages of the life cycle of the parasite.
Although farmers use A. vera to control coccidiosis in chickens
(Survey), considering the results obtained the optimum
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concentration of the A. vera that could be used to control coccidiosis
could not be established. This calls for further studies to be
undertaken to evaluate the optimum concentrations that should be
used for which the herbs could effectively disturb the life cycle of
coccidia.
5.0

Conclusion

The study revealed that smallholder farmers widely use herbal
plants on poultry health management, particularly A. vera that is
widely used to treat and control coccidiosis in chickens. Besides
this, the A. vera can be used as prophylactic agents against other
diseases in chickens. They can, therefore, be used as anti-coccidial
dosage in poultry feeds, but there is need for validation of the
therapeutic function and effectiveness of the A. vera plant before
its commercial application. The optimum concentration level for
A. vera that could be used for the control of coccidiosis needs to
be established. The extent to which the A. vera could inhibit
sporulation could not be determined.
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Abstract
The study was carried out at the University of Zimbabwe farm from
November 2003-March 2004 to assess the effect of burning and grazing
intensity on rangeland vegetation attributes. The forage was dominated
by increaser species (88.32 %). Basal cover in all treatments increased
throughout the season and declined with increase in grazing intensity
(P< 0.05). Litter weight significantly increased with grazing intensity in
un-burnt treatments. The number of seedlings and flower heads
significantly increased with grazing intensity in burnt treatments
throughout the season. Aboveground biomass significantly increased from
early to late growing season and decreased with increasing grazing
intensity in burnt treatments. Burning with moderate grazing intensity
treatment had the highest seedling, flower heads and biomass values and
it was concluded that it has the potential to enhance rangeland productivity.
Key words: Basal cover, burning, biomass, grazing intensity, litter weight

1.0
Introduction
Rangeland degradation is prevalent in Southern Africa as reported
by Trollope (1993) and Tainton (1999). Rangeland degradation
results in loss of biodiversity, poverty, unemployment and other
economic stresses. It is mainly ascribed to environmental and
anthropological factors such as cultivation of the marginal agroecological zones and inappropriate grazing management (Tainton,
1999). Burning and grazing intensity management are widely
applied cost-effective rangeland management approaches that can
be used to reverse or decelerate rangeland degradation (Trollope,
1993; Tainton, 1999). The objective of this study was to assess the
effect of burning and grazing intensity on rangeland vegetation
attributes at the University of Zimbabwe (UZ) farm.
2.0

Materials and Methods

2.1
Study Site
The study was run at the UZ farm located 13 km Northwest of
Harare. It lies between longitudes 310 5' and 320 0' E and latitudes
170 5' and 180 0' S at an altitude of 1420 m. It is in agro-ecological
zone IIa characterized by mean annual rainfall of 825 mm and

mean annual temperature of 19 oC. The farm consists of deep welldrained granular clay soils and occupies a total area of 1805 ha of
which 800 ha are rangelands dominated by Hyparrhenia, Loudetia
and heavily infested with Sporobolus species. Cattle are grazed in
summer and given maize stover and supplementary feeds in winter.
Rotational grazing is practiced on 13 paddocks at a stocking rate
of 1LU/1 ha and there have been reports of deteriorating rangeland
condition.
2.2
Study Overview
Two burning levels and four grazing intensity levels were tested in
completely randomized block design with a 2 X 4 factorial
arrangement of eight treatments (Table 1). All treatments were
allocated 0.2 ha and replicated twice. Burning was done between
8 and 9 am on the 25th and 26th of November 2003 when the average
maximum daily temperatures were 27 oC and 28 oC, respectively.
Grazing intensity was determined by multiplying stocking density
with grazing period. The minimum forage biomass allocated to
the grazing animals was 600 kg ha-1 and was estimated using a
sward height of 25 cm. The periods of grazing were adjusted
depending on the quantity of available biomass. Dairy heifers and
steers with weights ranging from 200-400 kg were used. Grazing
occurred between December 2003 and March 2004.
2.3
Data Collection
Three thirty-meter long transects, were randomly positioned
diagonally in each treatment and ten 0.2 m2 quadrants placed three
metres apart, along each transect line to sample the vegetation for
rangeland condition and grass persistence assessments in December
2003, February 2004 and March 2004. Rangeland condition was
assessed using grass species composition, basal cover, litter weight
and herbaceous aboveground biomass. Grass persistence
assessment included seed viability, seed and seedling production.

Table 1: Burning and grazing intensity treatment combinations.
Treatment Burning Stocking density Grazing season
Early ( Dec)
Mid (Feb)
I
No
Zero *LU/ha
II
Yes
Zero LU/ha
III
Yes
(0.2ha/LU
2 days (2hrs/day) 4 days (2hrs/day)
IV
Yes
(0.2ha/LU)
2 days (4hrs/day) 4 days (4hrs/day)
V
Yes
(0.2ha/LU)
2 days (6hrs/day) 4 days (6hrs/day)
VI
No
(0.2ha/LU)
2 days (2hrs/day) 4 days (2hrs/day)
VII
No
(0.2ha/LU)
2 days (4hrs/day) 4 days (4hrs/day)
VIII
No
(0.2 ha/LU)
2 days (6hrs/day) 4 days (6hrs/day)
* All 2 and 4 days grazing periods were followed by a 7-day rest period.
*LU = an animal with a mass of 450kg and gains 0.5 kgs per day

Grazing intensity
Late (Mar)
2 days (2hrs/day)
2 days (4hrs/day)
2 days (6hrs/day)
2 days (2hrs/day)
2 days (4hrs/day)
2 days (6hrs/day)

Zero (LUdays/ha)
Zero (LUdays/ha)
Light(36 LUdays/ha)
Moderate (24 LUdays/ha)
Heavy (12 LUdays/ha)
Light (36 LUdays/ha)
Moderate(24 LUdays/ha)
Heavy (12 LUdays/ha)
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2.4
Grass Species Composition
The Ecological Index method (Vorster, 1982) was used for species
composition assessment.
2.5
Herbaceous Basal Cover and Litter Weight
The length of the two longest diagonal distances across each plant
base in a quadrant was measured and averaged to estimate plant
diameter. Basal cover was calculated using the formula À r2; where
À = 22/7 and r = radius. The sum basal cover for each quadrant
was expressed as a percentage of the quadrant area. Plant litter
was manually collected from thirty quadrants in each treatment
and packed in plastic bags for fresh and dry weight determination
in the laboratory.
Aboveground herbaceous biomass production
Aboveground herbaceous biomass was assessed by cutting to
ground level all herbage in a quadrant and weighing it fresh using
a spring balance and later oven drying to a constant weight at 60
0
C for 48 hrs to determine dry biomass.
Seedling production
A seedling refers to a young herbaceous plant that is generally less
than 5 cm high or a newly sprouted plant (Sutherland, 2000). The
number of seedlings was estimated by physically counting the
seedlings in each of the thirty quadrants
Seed production and viability
Intact seeds were harvested from all plants in each quadrant and
counted manually. A soil core with a diameter of 10 cm and a depth
of 3 cm was used to sample fallen seeds for counting. Viable seeds
are strongly concentrated in the top 3 cm of the soil and these are
the seeds most likely to recruit into the community (Sutherland,

2000). Three samples were randomly collected per quadrant and
packed in plastic bags to avoid seed loss or contamination.
Germination tests were carried out using three samples from each
treatment to determine the seed viability. Two kilograms of soil
were spread over a seed tray and put in a glasshouse protected
from herbivores and contamination by air-borne seeds. The trays
were watered twice weekly and monitored daily whereby any
seedlings that emerged were counted and identified where possible
and then removed from trays.
2.6
Statistical Analysis
Descriptive statistics were generated for grass species composition,
seed and seedling production. The effect of burning, grazing
intensity and time of sampling on rangeland condition and grass
persistence attributes was analysed using a GLM SAS procedure
(1998). Where F-tests were significant, Least Square Means were
used for mean separation.
3.0

Results

3.1
Grass Species Composition
Decreasers had a very low relative abundance of 11.68 % compared
to 88.32 % increasers (P< 0.05) (Table 2). The dominant increaser
species were Sporobolus pyramidalis (56.04 %), Heteropogon
contortus (16.02 %) and Cynodon dactylon (12.26 %) (Table 2).
The overall grass species composition score was 29 % of the
original climax vegetation (Table 2). Burning with moderate grazing
intensity and burning with heavy grazing intensity treatments had
the lowest (41.47 %) and highest (73.58 %) frequency of
Sporobolus pyramidalis, respectively. The frequency of decreaser
species was highest in burnt, lightly grazed treatments and it
declined throughout the season.

Table 2: Grass species, ecological status and their relative abundances.
Grass species

Ecological status

Weighting

Relative abundances %

Cynodon nlemfluensis
Hyparrhenia filipendula
Brachiaria brizantha
Setaria anceps
Hyperthelia dissoluta
Acroceras macrum
Rhynchelytrum repens
Panicum maximum
Chloris gayana
Digitaria milanjiana

Decreaser
Decreaser
Decreaser
Decreaser
Decreaser
Decreaser
Decreaser
Decreaser
Decreaser
Decreaser
Decreasers total frequency
Increaser I
Increaser II

10
10
10
10
10
10
10
10
10
10

2.17
3.31
0.9
1.2
1.1
0.9
0.5
1.3
0.2
0.1
11.68
1.2
12.26

Eragrostis curvula
Cynodon dactylon

Heteropogon contortus
Sporobolus pyramidalis
Aristida congesta
Loudetia simplex

Increaser II
Increaser III
Increaser III
Increaser III
Increasers total frequency
Total score
295.96
Maximum possible score
*(10 x 100) = 1 000
Overall grass species composition score (295.96/1 000) = 29% (poor)
*Source: Camp and Hardy (1999):
100 =Total frequency
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10 = Maximum weighting

6
4

4
1
1
1

16.02
56.04
1.6
1.2
88.32
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3.2
Herbaceous Basal Cover and Litter Weight
Generally basal cover increased progressively from 11 % in December to 44.4 % in March and declined with increasing grazing
intensity (P< 0.05) (Table 3). Fresh and dry litter weight values ranged from 4.00-10.60 kg ha -1. Basal cover was high in un-burnt,
lightly grazed treatments than in the burnt, heavily grazed ones in early growing season but was the same in all treatments in mid and late
growing season (P < 0.05) (Table 3). Litter weight increased with grazing intensity from zero to heavy levels in un-burnt treatments (P<
0.05). Litter weight values varied from 0.4-10.60 kg ha-1.
Table 3: The effect of burning and grazing intensity treatments on basal cover percentage.
Treatment
Basal cover percentage (Mean ± se)
Month of sampling
December
February
No burning and zero grazing intensity (I)
15.6 ± 1.7a1
36.9 ± 2.8 a2
Burning and zero grazing intensity (II)
7.5 ± 2.1 b1
34.3 ± 2.3 a2
Burning and light grazing intensity (III)
7.2 ± 1.9 b1
33.9 ± 2.1a2
b1
Burning and moderate grazing intensity (IV)
7.0 ± 1.4
32.2± 1.9 a2
Burning and heavy grazing intensity (V)
6.9 ± 1.3 b1
31.6± 1.3 a2
a1
No burning and light grazing intensity (VI)
14.9 ± 2.8
36.4± 2.8 a2
No burning and moderate grazing intensity (VII)
14.5 ± 2.4 a1
33.3± 1.3 a2
a1
No burning and heavy grazing intensity (VIII)
14.3 ± 2.1
32.9± 1.6 a2
ab
Least Square means with different superscripts within a column are significantly different.
123
Least Square means with different superscripts within a row are significantly different.

April
46.4 ± 2.8 a3
44.5 ± 2.3 a3
43.5 ± 2.1 a3
42.9± 1.9 a3
45.7± 1.3 a3
43.9± 2.8 a3
44.5± 1.3 a3
43.8 ± 1.6 a3

3.3
Aboveground Herbaceous Biomass Production
The aboveground dry herbaceous biomass for all treatments varied from 420-3160 kg DM ha-1 in early growing season to 3925-5210
kg DM ha-1 in mid growing season and to 4323-7600 kg DM ha-1 in late growing season (Table 4). Biomass significantly decreased
with increasing grazing intensity in un-burnt treatments than in burnt treatments from early to late growing season.
Table 4: The effect of burning and grazing intensity treatments on the aboveground biomass.
Treatment
Above-ground dry biomass (Kg DM ha-1) (Mean ± se)
Month of sampling
December
February
April
No burning and zero grazing intensity (I)
1940 ± 280 a1
4940 ± 560 a2
4931.3 ± 720 a2
Burning and zero grazing intensity (II)
999.3± 280 b1
3925± 560 a2
7367.5 ± 720 b3
Burning and light grazing intensity (III)
420 ± 280 b1
4420 ± 560 a2
7354.6 ± 720 b3
b1
a2
Burning and moderate grazing intensity (IV)
770 ± 280
4950 ± 560
7600.5 ± 720 b3
Burning and heavy grazing intensity (V)
720 ± 280 b1
4720 ± 560 a2
7300.5 ± 720 b3
No burning and light grazing intensity (VI)
2090 ±280 a1
4060 ± 560 a2
5808.2 ± 720 a2
a1
a2
No burning and moderate grazing intensity (VII)
2800 ± 280
5210 ±560
5863.0 ± 720 a2
No burning and heavy grazing intensity (VIII)
3160 ± 280 a1
4250 ± 560 a2
4323.0 ± 720 a2
ab
Least Square means with different superscripts in a column are significantly different.
123
Least Square means with different superscripts in a row are significantly different.
3.4
Seed Production and Seed Viability
The number of flower heads rose significantly from December to April in all treatments (P < 0.05) (Table 5). The number of flower
heads significantly (P < 0.05) increased from light to heavy grazing intensity in burnt treatments (Table 5). The burnt with moderate
grazing intensity treatment had the highest number of flower heads. Sporobolus pyramidalis (60%) and Cynodon dactylon (20%)
contributed significantly to the total flower heads counted. In viability tests, the seeds did not germinate for all treatments and therefore,
no intact or fallen seed were harvested.
Table 5: The effect of burning and grazing intensity treatments on the number of flower heads per hectare.
Treatment
Number of flower heads ha-1 (Mean ± se)
Month of sampling
December
February
April
No burning and zero grazing intensity (I)
160 ± 20 a1
240 ± 82 a2
1400± 120 a3
Burning and zero grazing intensity (II)
1040 ± 170b1
1320 ± 600 b2
1800 ± 600 b3
b1
b2
Burning and light grazing intensity (III)
680 ± 150
800 ± 400
1280 ± 400 b3
Burning and moderate grazing intensity (IV)
960 ± 200 b1
1160 ± 500 b2
1520 ± 50b3
b1
b2
Burning and heavy grazing intensity (V)
1120 ± 500
1400 ± 600
1840 ± 600 b3
No burning and light grazing intensity (VI)
140 ± 15 a1
520 ± 130 a2
1960± 300 a3
a1
a2
No burning and moderate grazing intensity (VII)
120 ± 20
640 ± 200
1080± 200 a3
No burning and heavy grazing intensity (VIII)
160 ± 25 a1
560 ± 100 a2
1000 ± 100 a3
ab
Least Square means with different superscripts within a column are significantly different.
123
Least Square means with different superscripts within a row are significantly different.
3.5
Seedling Production
The overall number of seedlings recorded varied from 15 000 to 990 000/ha (Figure 1). The number of seedling decreased as the season
progressed in all treatments (P< 0.05). There was an increase in the number of seedlings in burnt treatments from zero to moderate
intensities and a decline under heavy grazing intensity (P > 0.05) (Figure 1). In un-burnt treatments there was an increase in the number
of seedlings from light to heavy grazing intensities (P > 0.05). The burnt with moderate grazing intensity treatment had the highest
number of seedlings (Figure 1).
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and dead standing plant material. These findings indicate that in
the long-term both non-use and overuse of rangelands can be
detrimental to its productivity.
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Figure 1: The effect of burning and grazing intensity
treatments on the number of seedlings per hectare.
4.0
Discussion
The increase and decline in the frequency of increasers and
decreasers, respectively from early to late growing season can be
partially attributed recruitment of increaser seedlings and selective
grazing. The lower grass frequency values in burnt and heavily
grazed treatments can be partially attributed to consumption of
fire-sensitive grass species and defoliation effect that amplifies as
the number of LUdays ha-1 increases. It can also be ascribed to
selective grazing which might have lead to overgrazing of fresh
post-fire growth. Cattle have a tendency to select and graze fresh
plant material from burnt treatments compared to the un-burnt ones
(Trollope, 1993).
A basal cover of 11 % was slightly below the recommended basal
cover percentage range of 12-14 reported by Tainton, (1999) in
Southern African savanna rangelands. The rise in basal cover
observed in both mid and late growing season for all treatments
were partially attributed to the seed germination, growth of tillers
defoliation, treading and good rainfall (985 mm/annum) received
during the season. This may imply that fire can be used to remove
dead and undesirable plant material without negatively basal cover
in the long-term. Since the rangeland was dominated by Sporobolus
pyramidalis, a tufted grass that covers larger basal area, it might
have contributed to high basal covers observed. Although there
was significant interaction between burning and grazing intensity
there were no clear differences observed between varying levels
of grazing intensity. This indicates that the grazing effect was not
heavy enough or the study period was not long enough to enable
the effect of grazing intensity to surface.
Litter weight values of 0.42- 10.60 kg ha-1 obtained in this study
agree with the results of van Wilgen, Andrea, Goldammer and
Lindeysay (1997) in Southern African Savannas that varied from
0.40 to 12.00 kg ha-1. High litter weights observed in un-burnt and
heavily grazed treatments may be ascribed to infrequent use of
fire, grass species selectivity, treading by cattle or low biomass
harvest efficiency. High litter weights negatively affect seed
germination, tiller growth and biomass production.
The biomass figures obtained are higher than other findings
obtained by Elliot and Forlkertsen (1961) at Henderson Research
Station, (8 km north of UZ farm), where biomass production
increased from 599 kgs DM ha-1 in December to 3243 kgs DM ha1
in April. The elevated aboveground biomass production observed
in burnt, moderately grazed treatments can be attributed to
increases in soil temperature, compensatory growth in the burnt
treatments and good rainfall received during the study period. The
effect may be direct or may result indirectly from increased
microbial activity and mineralisation of the soil and organic matter
(Trollope, 1993). Low biomass production in un-burnt and lightly
grazed treatments may be a function of the higher amount of litter
190

The greater contribution of increasers to total number of flower
heads observed may signifies poor rangeland condition. It may
also indicate that the undesirable increaser grass species have the
potential to persist if current management practices continue. The
number of flower heads, types of seeds and seedlings present in a
rangeland indicates the type of plant species that will persist (Voster,
1982). The increase in the number of flower heads with increase in
grazing intensity in burnt treatments can be ascribed to improved
seed germination and tillering due to removal of dead plant material,
treading and fouling which reduced flower head consumption by
cattle. The decrease of flower head numbers with increase in grazing
intensity in un-burnt treatments can be partly attributed to high
values of litter weight that affect plant growth and the defoliation
effect that increases as the number of LUdays ha-1 rises. The failure
of seed germination observed in all treatments tested for seed
viability can be partly attributed to late sampling and dormancy.
According to Elliot and Forlkertsen (1961) most seed germination
occurs at the beginning of the rain season (November). No intact
or fallen seed were harvested because most seeds were not mature
enough to be identified and counted by the time of the last sampling.
Seedling production figures obtained in this study concur with the
results of Trollope (1993) in Southern Africa, which varied from
80 000-1 200 000 seedlings ha-1. The decrease in number of
seedlings from December to April can be attributed to the increase
in competition as plants grow or to a decline in the soil seed bank
as most of the seeds were recruited in the early growing season.
The causes of the high number of seedlings recorded in the early
growing season in burnt, lightly grazed treatments can be attributed
to direct effects that stimulate seeds to germinate and indirect effects
that provide more favourable environment for germination to occur.
Direct effects following burning are generally ascribed to the
exposure of seeds to high temperatures or plant derived smoke
that have scarifying effects on seeds (Bebawi and Campbell, 2002).
The removal of the shading effect and the exponential growth of
younger tillers are some of the factors that stimulate shoot
production in burnt treatments. High numbers of seedlings can also
be attributed to grazing intensity effects of altering the balance
between replacement by seedling and replacement by vegetative
buds. Grazing animals affect the accretion of seed to soil reserves
directly by prehension of flowers or seeds in different stages of
development (Sutherland, 2000). Early recruitment of seedlings
might mean that seedlings are most likely to reproduce successfully
before the end of season when compared to seedlings recruited in
the mid and late growing season.
5.0
Conclusions
There was a significant interaction between burning and grazing
intensity on range condition and grass persistence attributes.
Burning with moderate grazing intensity treatment was the most
effective in increasing the rangeland condition as indicated by the
lowest frequency of Sporobolus pyramidalis the highest values of
flower heads, seedlings and aboveground biomass production.
Therefore, it can be concluded that burning with moderate grazing
intensity have the potential to enhance rangeland productivity.
There is a need to increase the gap between the light and heaviest
grazing intensities or to lengthen the study period to enable the
effect of grazing intensity to surface clearly. Additional research
studies are warranted to verify these results and to evaluate the
effects of varying seasonal weather patterns, persistence of burning
and grazing intensity.
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Abstract
This study was conducted in rangelands of three selected villages of
Mupfurudzi resettlement scheme in Shamva district of Mashonaland
Central Province, Zimbabwe. The villages are Mukwari, Takawira and
Tongogara. The objectives of this research were to predict the competitive
influence of the woody vegetation on grass productivity by assessing
tree equivalents (TE) and calculating the contribution of browse to overall
grazing capacity through assessing browsable units (BU) in the
Mupfurudzi resettlement area rangelands. Browse units are the units used
to quantify the forage from palatable woody biomass that is within 1.5 m
vertical distance from the ground (tree equivalent) using the goat as the
standard browse animal. The rangelands in each village were delineated
into three physiognomic cover types namely a vlei, a tree bush savanna
and a bush savanna. Within each village, a chain/line transect measuring
100m long was laid at random to further divide the range into

manageable units (sampling frames) which were representative of
the whole veld type and all trees within one metre radius of the
belt were recorded. Within each 200 m2 transect the following
parameters were measured on all woody plant species by visual
estimation: (a) the veld type unit where transect was laid. (b) The
transect number. (c) The plant species. (d) The plant height from
the ground. (e) The height of canopy bottom from ground level. (f)
The canopy radius and (g) Palatability status of the tree. Tree
identities, frequencies and estimates of heights were used in the
calculation of TE. It was observed that physiognomic cover type
significantly influenced calculated BU and TE (P < 0.05) often
interacting with management/ village, while village alone had no
significant effect on calculated BU and TE (P > 0.05). The bush
savanna comprised areas previously cropped and left to revert to
grazing areas. The average BUs in all the selected villages of
Mupfurudzi was 1324.3 /hectare of land while mean TE/ha was
2505. The optimum TE/ha for maximum grass productivity in the
rangelands is considered to be 900/ha. Above this, there is
considered to be bush encroachment leading to decline in grass
productivity.
Key words: Resettlement rangeland, browse units, tree equivalent,
physiognomic cover, grazing capacity
1.0
Introduction
Woody plants are an important component of rangeland life because
they are generally well adapted to persist and spread in regions
under natural and man made induced perturbations, including
overgrazing and drought (Ndlovu and Nherera, 1997). In many
cases the shrub component will provide palatable and nutritious
forage for the animals. They also contribute to the livelihood of
communal farmers, as source of fuel and building material. The
term ‘tree equivalent’ is widely used in Southern Africa to express
the woody vegetation of different sites in a common currency (Smith
and Hardy, 1999). A tree equivalent (TE) is described as a 1.5m
tall tree or shrub (Smith and Goodman, 1986).
Browse is the portion of woody plants that is available for animal
consumption (Holecheck, Pieper and Herbel, 1995). It can also be
defined as that part of leaf and current twig growth of shrubs, woody
vine and trees available for animal consumption (Anderson, 1991).
Browse is highly regarded for its relatively minimal seasonal
variation in both quality and quantity. In contrast to grasses, browse
species such as Acacia spp, Combretum spp and Albizia spp have
no seasonal change in digestibility (Leigh, Wilson and Mulham,
1978).
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Browse species are particularly important in rangelands that
experience low and erratic rainfall because they have deep
penetrating roots that make use of water deep down the soil profile
(Walker, 1985; Holecheck, et al., 1995). Browse is an important
part of rangelands as a feed resource because it provides forage all
year round, even in drought years (Benke and Scoones, 1990).
Not all shrubs are desirable as forage for animals since some of
them contain some condensed tannins and other anti-nutritional
factors that make them undesirable to some animal species (Skarpe
and Bergstron, 1986). The most desirable are legumes because
they have the ability to fix nitrogen and provide a high protein
feed as well as improve on soil fertility; examples are Acacia Karoo
and Dichrostachys cinerea (Aucamp, 1983; Pamo, Pieper and Beck,
1991). Peyre de Fabregues, (2003) noted that range ecologists do
not put into consideration the contribution of browse to rangeland
nutrition when estimating carrying capacities and stocking rates
because the quantitative nature of the browse component is
practically unknown and difficult to measure.
As the number of tree equivalents per hectare (TE’/ha) increase
above 900/ha, grass production declines (du Toit, 1973; Heady
and Heady, 1982). Assessment of woody vegetation aims at
monitoring this number, because high bush densities cause
significant reduction in the grazing capacity of the rangeland.
Aucamp (1983) found that at densities of Acacia karoo of 1 000, 1
500 and 2000 TE/ha, the grazing capacity of the range can be
expected to be 90, 67 and 32% of its potential respectively. Du
Toit, (1973) indicated that the annual production of grass material
was reduced by approximately 40-50% in range encroached with
bush. Hence range management practices will have to be
implemented to maintain tree equivalents less than 900/ha.
There have been changes in land-use systems following land
reforms and resettlement in Zimbabwe. Land parcels were
apportioned for agricultural use (cropping and grazing) often from
parcels considered derelict, under-utilised or state land (Rukuni,
1994). Livestock production recommendations regarding grazing
capacity took little cognisance of the role of browse and tree density,
and very minimal, if any local research is documented (Chinuwo,
2002; Ivy, 1969). There is need for a more holistic rangeland
management system that quantifies the role of browse and manages
tree density to levels that promote more grazable forage, especially
in systems where the production objectives promote grazers. This
will enable sustainable tree harvesting indispensable to tobacco
production. The objectives of this research were to predict the
competitive influence of the woody vegetation on grass productivity
by assessing tree equivalents (TE) and calculating the contribution
of browse to overall grazing capacity through assessing browsable
units (BU) in Mupfurudzi resettlement area rangelands.
2.0
Materials and Methods
2.1
Study Site
The study was conducted at Mupfurudzi 1 Resettlement area of
Mupfurudzi Resettlement Schemes, in Shamva District, Mashonaland
Central Province, Zimbabwe. The area has a tropical climate. The
mean annual rainfall is 650 mm and the mean summer and winter
temperatures are 290C and 18.50C, respectively. Mupfurudzi 1 covers
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34515 ha and is a part of a three-phased resettlement scheme covering
a total of 86199 ha of which 17675 ha are arable, initiated in phases
between January 1981 and March 1985. Three villages (Tongogara,
Mukwari and Takawira) out of 20 villages were randomly selected for
this study.
2.2
Methods
The rangelands in the villages were delineated into three
physiognomic cover types using the dominant vegetation types
proposed from an earlier study by Chinuwo (2002). The following
veld type units were adopted: (a) Tree Bush Savanna (TBS) (b)
Bush savanna (BS) and (c) vlei. TBS comprised spatial areas whose
vegetation has not been disturbed by cultivation since inception of
resettlement. BS was predominantly areas previously cultivated
and then left to revert to grazing areas while vlei comprise areas
with a raised water table and would often be wet for longer periods.
A veld type unit is defined as a structurally and floristically defined
unit of plant communities, which share similar climatic, geological,
and soil requirements, have similar ecosystem processes, and thus
have similar management and conservation requirements, as well
as potential uses (Society for Range Management, 1974).
2.3
Stratification and Sampling
In each village veld type unit, a chain/line transect 100m long was
used. The chain was laid at random but avoiding places such as
water points and road to allow for continuity of the stretch. Two to
four line transects were laid in each veld type unit depending on
the size of the veld type unit (VTU), with the lower number used
for vlei areas mostly. This procedure was done in all the VTUs in
all the three village rangelands.
B
C

A

∗
D

Figure 1. Out-line of the transect
Within a chosen VTU of a village of choice a physical feature,
usually a tree, was selected and marked to be a starting point A
(figure 1) at random. A point B which was 100m away from point
A was marked as the transect end point. The transect also covered
the region marked C-D which is 1m on either side of the A-B on
the diagram such that the total transect area was 200m2. All trees
within one metre of the belt transect line were recorded.
2.4
Parameters Recorded
Within each transect the following parameters were recorded on
all woody plant species: (a) the veld type unit where transect was
laid. (b) Transect number. (c) Plant species. (d) Plant height from
the ground. (e) Height of canopy bottom from ground level. (f)
Canopy radius and (g) Palatability of the tree. All the tree
dimensions were visual estimates.
Plant height (H t )

A

Lower canopy height (Ht )
Canopy radius (R)

2.5
Calculations of Browse Units
Browse units were calculated using the method proposed by Smith
and Hardy (1999) and Ivy (1991). To get the browse units, the
mean canopy radius was calculated and used in the calculation of
the total canopy volume. The total canopy volume gave the
available browse volume if the plant height was less than 1.5m. In
situations where the plant height was more than 1.5m the browse
volume (BV) was calculated using equation 3. The available BV
was divided by 0.5 m3. The value 0.5m3 is the average canopy
volume of an Acacia karroo plant that is 1.5 meters high (Smith
and Hardy, 1999). The following computations were done to get
the browse units:
Equation 1. Calculation of the mean canopy radius
RAD = (Ht – Hl) / 2
Where RAD = mean canopy radius (m)
Ht = plant height (m) from ground level
Hl =the lower canopy height (m)
(Adopted from Smith and Hardy, 1999)
Equation 2. Calculation of the total canopy volume
Vol =4/3 * ∏ * RAD3
Where Vol = total canopy volume (m3)
∏ = Constant value whose real value is 22/7.
If the plant height was less than 1.5 m it meant that the whole
canopy was available for consumption by the animal as browse
and was considered as available browse (Smith and Hardy, 1999).
Equation 3. Calculation of browse volume
If the 1.5 meter upper browse height was less than or equal to the
mid canopy height of the plant in question the formula below gave
the portion of the canopy that was available to the standard browse
animal (Smith and Hardy, 1999).
BV = (∏ * h2/3) * (3RAD – h)
Where h = 1.5 – Hl (m)
1.5= browse height of the goat which is the standard browse
animal
If the 1.5m upper browse height was more than the mid canopy
volume then the BV gave the un-browsable volume. In this case
the BV was subtracted from the total canopy volume (Vol) to get
the actual browse volume (Smith and Hardy, 1999). The mid canopy
level = Hl + (Ht +Hl)/2
Calculation of TE
TE in a veld type unit were computed by dividing the estimated
average height of all trees in the sample by 1.5 m. One tree 3m tall
would have 2 TE, thus having twice the competitive effect on grass
yield as a 1.5m tall plant. The tree equivalents were then expressed
as TE/ha for example:
For a sample giving 2000 trees in an area with an average of 1.9m
height, the number of tree equivalents/ha is 1.9m/1,5m x 2000
trees= 2540 TE/ha.
2.6
Statistical analyses
The browse unit and TE data was computed as transect means for
a veld type unit using a model that accounted for village, veld type
unit and their interaction, and was compared within villages and
between villages as least square means (LSMEANS) in Statistical
Analyses System (SAS, 1996). The following model was used:
=µ+ßi+ vj+ ßi * vj +
Where = browse units (BU) or TE
µ= the overall mean
ßi = the effect of veld type unit (VTU)
vj = effect of Village.
ßi * vj = the effect of the interaction between veld type unit
and village.
= error

Ground Level

Figure 2 Tree dimensions that were recorded
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3.0
Results
3.1
Browsable Units
The tree bush savanna (TBS) had more tall trees than the bushes
and shrubs. The tall trees had heights reaching 19 m and had an
average lower canopy height of 1.7m and these dominated the VTU.
The vegetation type and composition was almost similar to the
bush savanna (BS) in terms of tree species composition but the
main difference was that the bush savanna had more of the short
bushes, which were reachable for animal consumption as browse
whereas the majority of the bushes in the tree bush savanna were
out of reach of browse animals if the goat is used as the standard
browse animal.
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both TE and BU (Ivy, 1991). This is critical to policy and when
finding options to effectively manage the woody component of
rangelands. TE/ha units are used to predict the productivity of
useable forage and to calculate the grazing capacities so that
amendments can be made to change livestock numbers (Camp and
Hardy, 1993). The data is used in making comparison of current
woody density in the rangeland with previous measurements, and
see if there are any changes that are likely to have taken place. In
areas where woody vegetation has encroached or thickened up their
effect on grass biomass yield should be assessed when determining
the grazing capacities (Aucamp, 1983)

Table 1. Comparison of Least Square means for TE/ha between and within three veld type units of selected villages of
Mupfurudzi.
VTU
Mukwari (TE/ha)
Takawira (TE/ha)
Tongogara (TE/ha)
TBS
2555.25b
2302.5b
3856.01a
BS
1730.0b
4535.0a
2271.67b
VLEI
1855.75b
1218.5b
1692.50b
ab
Rows and columns with different superscripts significantly differ (Pr >0.05)
Key
BU/ha = browsable units per hectare
TE/ha = tree equivalents per hectare
Table 2. Comparison of Least Square means for BU/ha between and within three veld type units of selected villages of
Mupfurudzi
VTU
Mukwari (BU/ha)
Takawira (BU/ha)
Tongogra (BU/ha)
TBS
85.67a
573.05a
2499.97b
a
b
BS
1652.34
6356.77
1066.86a
VLEI
87.20a
116.03a
710.27a
ab
Rows and columns with different superscripts significantly differ (Pr >0.05)
Table 3. Comparison of TE for different VTU’S of each Village
VTU
Mukwari
Takawira
BS
1.89a
3.01b
TBS
4.15b
3.70b
VLEI
4.03b
2.35b
b

Rows and columns with different superscripts significantly differ (Pr >0.05)

a
There were significant differences in the BU among village VTU
(P < 0.05). Takawira BS was significantly different from all the
other villages (Table 2). Veld type unit had a significant effect on
browse units, (P< 0.05). The effect of village on the browse units
was not significant. However, the effect of the interaction between
village and veld type unit was significant (P < 0.05). The average
browse unit in all the selected villages of Mupfurudzi was 1324.3
BU/ha.

High TE/ha values may be misleading as to whether there is bush
encroachment or not (Leigh,Wilson and Mulham, 1978). Under
normal circumstances the TE/ha value may be the optimum for
that state of the vegetation physiognomic class and its climax,
without taking into account any disturbances such as the effects of
overgrazing, cutting of trees and reverted cropping land (du Toit,
1973; L’t Mannetje, 1978). Mupfurudzi rangelands however, have
evidence of bush encroachment and in some instances overgrazing.

3.2
Tree Equivalents
Table 1 shows that TBS recorded the highest TE/ha in two villages
(Mukwari and Tongogara) with Takawira as an exception where
BS dominated. There were within village differences in TE/ha
showing the significant effect of VTU. For instance, in Tongogara
village TBS recorded the highest TE/ha and significantly differed
from BS and the vlei (P<0.05). In Takawira the BS recorded the
highest value and was significantly different from the TBS and the
vlei (P<0.05). An analysis of the height of trees as TE means in
each VTU is summarised in Table 3. It was clear that there were
taller trees in TBS in all villages, followed by BS and lastly Vlei.

Decisions have to be made based on the production objective of
the rangeland user (Tainton, 1981). Where grazers/browsers are
the animals of choice, as is the case with Mupfurudzi, the grazing
areas could currently be producing grass biomass at below half of
potential. As the number of tree equivalents per hectare (TE’/ha)
increase above 900/ha, grass production has been known to decline
(du Toit, 1973). Assessment of woody vegetation aims at monitoring
this number, because high bush densities cause significant reduction
in the grazing capacity of the rangeland. Aucamp (1983) found
that at densities of Acacia karoo of 1 000, 1 500 and 2000 TE/ha,
the grazing capacity of the range can be expected to be 90, 67 and
32% of its potential respectively. Rangelands in Mupfurudzi
averaged 2505 TE/ha of mixed woody vegetation dominated by
Brachystegia boehemi, Acaccia spp and, Julbernardia globiflora
that are known to be preferred by cattle, goats and to some extent
donkeys as browse. According to Pooley (1999) Brachystegia
boehemi is palatable and is an important browse resource in the
bush savanna. It could not be established whether domesticated
livestock in Mupfurudzi were readily browsing these trees. Studies
in the region have shown that a goat requires between 1000 –2500
BU/year of palatable plants 1.5m in size in areas receiving 400-

4.0
Discussion
Collated results of this study suggest that browsable units are a
function of tree species (palatability), tree height, canopy height
and spatial distribution of the browsable species in a rangeland
(Dekker, 1997), and showed that tree density is not synonymous
with browsable units (Devendra, 1993). It was observed that high
TE had no direct relationship with high BU, and for the same
palatable/browsable tree species, stage of growth (height) affected
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800 mm rainfall per year (Smith and Hardy, 1999). Mupfurudzi
rangelands had an average of 1325BU/ha, which suggests that only
one mature goat should be stocked for each hectare of available
grazing land.
The variations in TE/Ha and BU/ha with VTU within village could
be indicative of spatial differences in inherent soil factors and
growing conditions (Stoddart, Smith, and Box, 1975). Certain tree
plants would prefer moist conditions and hence confine to wetlands
such as Syzigium chordatum in vlei areas. The variability in the
extent to which different trees are preferred as browse by the
animals is affected by the nature of the soil (Medina, 1986).
According to Chirara (2001) soil nutrient composition affects the
soil type and plants that grow on poor soils are generally less
palatable and are of limited use as browse. Walter’s two layer
hypothesis (Chirara, 2001) states that in any given climate there
should be characteristic tree-grass ratio whereby those soils with a
high water holding capacity favour grass growth. Different village
veld type units had different kinds of soils with the vleis having
the heavy types, this also explains why the effect of the interaction
between village and veld type unit on browse units was significant.
Since BS was predominantly areas previously cultivated (major
disturbance) and allowed to revert to rangelands, it was not
surprising that it had more BU/ha as some trees were re-establishing
or colonising and were within reach of the standard browse animal
(Trollope, 1980). The direction of plant succession as shown by
the preponderance of younger shoots in disturbed BS needs further
scrutiny to note whether replacement and recruitment favour the
trends depicted in the more stable TBS, or if entirely new plant
communities were emerging.
The vlei areas in all the villages had the lowest TE/ha as compared
to the TBS and the BS. High grass cover and yield also
characterized vleis since the low TE/ha accounted for less
competition between the grass and the trees, hence grass
productivity was much higher than in the other VTU’s. This was
also expected since it verifies the characteristics of the vlei i.e.,
that they are moist on the upper subsoil and have more grass than
the woody vegetation (Tainton, 1981). Grasses are more efficient
than trees in extracting water from the upper layers of the soil, as
their roots are evenly located (Walker, 1985). The grasses may
therefore out-compete trees and restrict their growth and abundance
in the vlei compared to TBS and BS which hold less water in the
upper subsoil (Walter, 1954; Walker, 1980; Walker and Noy-mer,
1982).
Variations in TE/ha and BU/ha with VTU between villages were
not consistent for the two variables. Differences in BU/ha were
only confined to BS and uniform for vlei and TBS. This was
expected, as the area is one biome (Scarnecchia, 1990). It also
confirms the expectation that management of rangelands in
resettlement schemes could be uniform as the farmers adopted
similar land-use systems at inception of resettlement. However,
the differences in BS implicate man-induced differences in the face
of major perturbations like cultivation/cropping at village level. It
can be inferred that the major shift in land-use by the farmers
affected natural revegetation (succession) differently in each village
(Harrington, Wilson and Young, 1984). This needs further study
to verify the direction of species replacement. The mean TE for
each village VTU (Table 2) demonstrated that BS had less TE
compared to TBS and, in one instance, vlei, were trees had grown
to great heights of up to 20m. Comparison of the TE/ha among all
three villages showed that there were no differences, but these
manifested at VTU level. This is because the separation of the
rangelands into different physiognomic classes (VTU) in each
village enabled more uniform calculations and helped explain the
differences, and that the village alone did not significantly affect
the TE/ha as compared to the VTU and VTU/village interaction.

proceedings of the seventh symposium on science and technology

5.0
Conclusion
In each VTU, high TE/ha was not synonymous with high BU/ha.
TBS had the highest TE/ha but lower BU/ha. Vlei showed the least
response, as fewer trees would grow, especially those browsable.
Rangelands in Mupfurudzi would benefit the farmers most if the
number of trees per unit area were reduced to promote grass growth,
assuming their livestock production objectives favour grazers.
There is potential for increasing the number of goats/browsers in
Mupfurudzi at the current browsing capacity.
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Abstract
The main purpose of this participatory study was to identify and
prioritize animal health constraints faced by farmers in some
smallholder sectors of Zimbabwe. Wealth ranking showed that the
majority of farmers in communal areas owned between 0 – 5 herds
of cattle, while those in resettlement and small-scale commercial
farming areas owned between 6 – 10 herds (the “average class”).
The farmers depended on crop production, raising livestock, and
non-farming income generating activities (in decreasing order of
preference), for survival. These three activities were
interdependent. The predominant livestock species kept (in
decreasing order of preference) were cattle, donkeys, goats, sheep,
pigs and rabbits. Poultry species were dominated by the village
chicken (Sanyati) and the guinea fowl (Gokwe). Benefits realized
from raising livestock included (in decreasing order of preference),
draught power, food, cash, manure, and social. Livestock
production was faced with many constraints such as (in decreasing
order of importance), diseases, shortage of grazing, high cost of
veterinary drugs and inadequate veterinary extension, lack of
drinking water, and stock theft. More diseases were recorded for
cattle than any other livestock species, with dermatophilosis topping
the list. However, two previously unreported or unknown diseases
affecting cattle were also reported. Vector borne or vector
associated diseases such as anaplasmosis, babesiosis, heartwater,
dermatophilosis, and parafilariosis, were ranked the most important
cattle diseases. Very few diseases were reported for guinea fowls.
Historical analyses showed that bovine dermatophilosis is believed
to have been confined to the Hwange – Lupane area between 1920
- 1970. It then spread to Gokwe between 1975 – 1979. The disease
was then reported in Sanyati between 1992 – 1993, from where it
later spread to Chenjiri Small Scale Commercial Farming Area
and Lazy Y Resettlement Area between 1995/96 and 1996/98
respectively. Occurrence of the disease was observed to be
associated with the “Elephant tick “(Amblyomma variegatum),
and spreading of the disease followed partial or complete
breakdown of tick control activities. Disease prevalence was
reported to be highest during the rainy season, and virgin outbreaks
resulted in heavy cattle mortality. The majority of farmers did not
know how to treat or control the disease. Present findings highlight
the importance of participatory methodologies in identifying and
prioritizing prevalent livestock diseases within the area. This
information is important for decision making by policy makers in
the department of Veterinary Services and other stakeholders in
the livestock sector.
Key words: Dermatophilosis, Diseases, Livestock, Participatory
rural appraisal, Smallholder
1.0

Introduction

Historically, livestock policy in Zimbabwe has been based on the
assumption that disease control technology is available for the
smallholder farmers such that the perceived problem was one of
acceptance and delivery rather than the suitability of the disease
control technology itself. This assumption led to the considerable
public investment to expand the number of Veterinary Extension

Assistances (Majock, 1996). However, this has not significantly
improved animal health constraints in smallholder farming areas,
where apparently more than 67% of the country’s cattle population
is located (Vassilev, 1999). This is because the expansion of
veterinary services cited above was mainly geared towards the
control of scheduled (notifiable) diseases such as foot and mouth,
rabies, and anthrax, whose occurrence results in trade embargoes
on beef exports thereby depriving the state of the much needed
foreign currency (Majock, 1996).
Among other things, endemic livestock diseases have been reported
to account for more than 15% of production losses in smallholder
farming areas in the region (Huhn and Bauman, 1996). In
Zimbabwe, a number of publications have reported that livestock
diseases remain one of the major causes of concern for smallholder
farmers (Shumba, 1984, Zinyama, 1988; Chimonyo, 1998).
However, many of these reports do not indicate the specific
problematic diseases at that time such that veterinary authorities
have not given them much precedence. Todate, reports of severe
shortages of draught animal power especially in smallholder
farming areas of Zimbabwe prevail (GFA, 1987; Scoones, 1992;
Ellis-Jones et al., 1994; Chimonyo et al., 1999). It is therefore
imperative to identify (diagnose) and prioritize constraints to
livestock productivity in smallholder farming areas of Zimbabwe.
Recently, the use of participatory rural appraisal techniques has
overtaken the use of surveys in the diagnosis of animal health
constraints for research and development purposes (FAO, 2000).
Participatory rural appraisals place more emphasis on the
empowerment of the community to process and utilize their
information on their own behalf. The role of the researchers shifts
from being primarily ‘extractor’ of information as in rapid rural
appraisals, to facilitators of community development through
utilization of existing veterinary knowledge (Catley, 1997).
Advantages of participatory appraisals over other conventional
research methodologies are due to the fact that the intended
beneficiaries are involved in the identification and prioritization
of constraints to livestock production, project designing,
implementation, management of clinical trials, monitoring and
evaluation of research results. This facilitates the harvesting of
qualitative epidemiological intelligence contained within
community observations, existing veterinary knowledge and
traditional oral history (Schwabe, 1984). The inclusion of livestock
owner information in project design, implementation, monitoring
and evaluation, has been reported to lead to better acceptance
(adoption) of research findings by the intended beneficiaries (FAO,
2000). Participatory rural appraisal is the method of choice under
situations of reduced funding because the approach channels
whatever little resources available towards the study, control or
prevention of current diseases of economic importance to the
farmers. Since the farmers themselves identify, rank and prioritize
constraints facing their livestock, the researchers will know for
sure that their research is client driven and problem oriented. It is
envisaged that this generates tailor made solutions to current animal
health constraints.
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This paper describes the evolving role of participatory rural
appraisals in animal health research with particular reference to
diagnosis and prioritization of animal health constraints faced by
farmers in Sanyati (Mashonaland West Province), and Gokwe
(Midlands Province) smallholder farming areas of Zimbabwe. The
major objective of this initial exploratory Participatory Appraisal
was to obtain a rapid overview of these community’s animal health
issues, needs, problems, and priorities. It is envisaged that inclusion
of such a study in the project design phase will help assure that the
project addresses the real needs of the community.
2.0

Materials and Method

2.1
Study Site Selection
Sanyati and Gokwe South districts are located in Mashonaland
West and Midlands provinces respectively (Figure 1). Sanyati
Communal Area is located 250 km west of Harare, and is
approximately 100 km north of Kadoma, which is on the main
Harare- Bulawayo road. Gokwe is located about 78 km northwest
of Sanyati and the two areas are separated by Munyati River. The
study sites lies in Natural Region IV, an agro-ecological zone where
farming is semi-intensive because of the low annual rainfall (450600 mm) (CSO, 1999). The rain falls mainly between November
and March and the rest of the year is dry. Annual rainfall varies
greatly between the years and the areas are prone to periodic
seasonal droughts and some severe dry spell even during the rainy
season. Sanyati is 900-1200 m above sea level and is situated at
latitude 290 E and longitude 190 S. Mean daily temperatures
experienced in the area are 320 C during the hottest months (August
to October), and 240C during the coldest months (May to July).
Pastures in Sanyati and Gokwe are generally of poor quality and
are found mainly in the bushveld. Although there are some
designated grazing lands, these are overgrazed most of the times
even during the rainy season. Vegetation is mainly woodland
savanna with little grass cover. The approximate cattle population
for Sanyati and Gokwe is 20 000 and 40 000 respectively
(Department of Veterinary Services (DVS, 1999).
Cattle breeds are dominated by the Mashona and its various crosses,
but the Brahman and Afrikaner together with their various crosses
as well, are not uncommon (Pedersen, 1997). Both Sanyati and
Gokwe are high potential cotton production smallholder areas of
Zimbabwe with one of Zimbabwe’s nine cotton ginneries located
in Sanyati, where up to 15% of the national cotton production is
processed (AMA, 1990).
2.2
Acquisition of Background Information
Following selection of the study sites, researchers went on to obtain
background information on the communities in question. For the
purpose of this study, there was no need for translators because all
the researchers could communicate well in the language of the local
community (Shona). The appraisal team consisted of a Veterinarian,
an Economist, a Biostatistician, and a Geographical information
Systems (GIS) specialist. Most of the teammates have had training
in participatory rural appraisals. Having more than one expert
present is recommended to enhance the flow of information by
having more pairs of ears, which will enrich the process by bringing
multiple perceptions. The appraisal team appointed a moderator
to lead interviews, discussions and activities.
Background information was collected from key informants. These
were individuals who have had previous experience with the
communities to be interviewed or were community leaders of one
type or another. Key informants interviewed included District
Veterinary Officers, Local Veterinary Extension Assistance,
Traditional Chiefs, Councillors, District Administrators, village
heads, and experienced farmers. Key informants assisted in the
identification of important clusters of livestock owners, entry points,
community institutions and decision-making mechanisms.
Following key informants consultations, it was agreed that target
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interviews be held with groups of livestock owners at selected dip
tanks. Group discussions were held in Communal, Resettlement,
and Small-Scale Commercial Farming Areas. The research team
carried along a basic epidemiological field kit and camping
equipment, and throughout the duration of the study, the team stayed
within the community.
2.3

Acquisition of Primary Data

a. Check list
A checklist (Table 1) of important points and exercises to be covered
was prepared prior to the group discussions. The checklist provided
an overall direction and assures the research team that no major
points will be missed in the interviews.
b. Location and timing of the group discussions (interviews)
Arrangements for a venue and timing of the interviews were set
during key informants’ consultations. The traditional community
meeting sites were chosen and these included dip tanks, the local
townships, and boreholes. In most of the communities in question,
the most convenient day was during the sacred days when traditional
custom demands that no farmer carries out any field activities
(“Chisi” in local language). This was either Tuesday or Thursday,
and it was agreed that the best time to meet was in the morning.
Initially, the interviews were planned to last for about an hour, but
the majority ended up lasting between one and half to two hours.
c. Introductions
The research team introduced themselves and then asked the
participant(s) to introduce themselves as well. The introductions
were made in such a way so as not to introduce bias to the
respondents. The names, ages, gender etc, and community
memberships of the respondents present were recorded.
d. The group discussions/ brainstorming
Brainstorming in small groups was used. The discussion started
off with wealth ranking to identify different wealth groups within
the community so that the needs and priorities of each group was
identified to ensure that the poorest strata of the community were
well represented in the study.
Wealth ranking classified smallholder farmers into three groups
based on individual resource endowment, herd size, crop
production, and nature of dwellings (Table 2). Resource poor
farmers were classified as those that own less than 2 herds of cattle
and produce between 0 – 0.25 tonnes of maize annually. Average
farmers were classified as those who own between 2 - 9 herds of
cattle and produces between 2 - 3 tonnes of maize annually, while
the resourceful (“rich”) farmers own more than 10 herd of cattle
and produce between five and ten tones of maize annually. The
resource –poor farmers were also classified as those that live in
dilapidated houses made of pole and dagga, with no toilets and
other sanitary facilities, and have very few farming implements,
while their resourceful counterparts were those who live in
dwellings made of brick under asbestos, the majority of whom
have solar electricity, boreholes and toilets.
Discussions on livelihood activities began with the question ‘What
are your survival strategies?”. In order to rank and prioritize the
farmer’s livelihood activities, the facilitator recited the list of
activities provided and then asked the participants which was the
most important, second most important, etc. Discussions were held
with smaller groups and the groups would merge to present their
findings. The participants were asked to indicate the livestock
species they kept, the benefit they get from them and the relative
importance of each livestock species to their families in terms of
food production or cash income.
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Brainstorming on constraints to livestock production was initiated
with the question “what animal health problems are you
experiencing?’. The same ranking strategy (above) was used.
Respondents were then asked to list the specific livestock diseases
for each species kept, and indicate the relative importance of the
diseases of cattle they would have mentioned in terms of the overall
well-being of their families (overall well-being being taken to imply
food, cash, traction, manure, social value, among other values).
e. Brainstorming on the most important cattle disease(s)
identified
The respondents were requested to describe the most important
cattle disease identified. When the description provided was more
or less consistent with the descriptions given by other groups of
respondents, the appraisal team then proceeded to inquire about
occurrence of the disease. Respondents were probed on the
following themes.
1. Have they had personal experience with the disease or did they
learn about it from others?
2. If they have had personal experience with the disease, when,
where and in whose cattle did they observe the disease?
3. What were the general circumstances at the time of the event
(dipping, grazing conditions, water availability, security conditions,
livestock contacts with other communities and wildlife etc.)?
4. Has the disease occurred at any other time?
Probing was used to verify the internal consistency of information
or simply to gather more detailed information on the most important
cattle disease identified as well as new disease syndromes.
f. Triangulation
This was carried out to crosscheck reports or data provided by
various independent respondents or methods. It involves a
comparison of reports and results of exercises, until the appraisal
team arrives at a consensus view where all or the majority of
respondents agree.
g. Belt transects: - clinical examinations, postmortems, and
sample cases.
The appraisal team was asked to look at some sick animals during
the interview and this was deferred until after the interviews. After
the semi-structured interviews, the research team, accompanied
by community members, moved across the community, directly
observing clinical cases of affected cattle, efforts at treating the
disease, and community life. During the belt transects the livestock
owners were asked to give their diagnosis for the cases presented,
but were not pressed where they have not made a diagnosis or
were not sure. Clinical examinations were conducted using routine
procedures. Where the research team was not sure of the diagnosis,
samples were taken for further laboratory work. Photographs of
clinically ill animals highlighting specific symptoms or lesions as
well as post mortem photographs of characteristic lesions were
taken to add on documenting information.
Table 1. The checklist used for the identification and prioritization
of animal health constraints in Sanyati and Gokwe smallholder
farming areas of Zimbabwe.
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Activity
Maximumtime allocation
1. Introduce the appraisal team 3-4 minutes
2. Identify the respondents
5-8 minutes
3. Social grouping, livelihood 15 minutes
activities and rankings
4. Livestock species kept and
15 minutes
rankings
5. Benefits from livestock
15 minutes
species and ranking
6. Constraints to livestock
15 minutes
production and ranking
7. Livestock diseases and
15 minutes
ranking
8. The epidemiology of the
15 minutes
most important cattle disease
9. Direct observations
30-60 minutes
(Transects and clinical exams)
3.0
Results
In communal areas, more than three quarters of farmers were
reported to be in the resource-poor category, while in resettlement
and small-scale commercial farming areas, the majority were in
the middle class category.
Survival activities for the farmers involve crop farming, livestock
production, and non-farming income generating activities. Of the
three, crop production was the most preferred livelihood activity
followed by livestock production and non-farming income
generating activities (Table 3). Non-farming income generating
activities included gold panning, working in other peoples fields
for cash, crotchety, pottery, brick making, hunting, market
gardening, to name but a few.
It was reported that mostly women and the ‘poor man’ engage in
non-farming income generating activities (Table 4). In addition to
all other productive duties, women spend a considerable portion
of their time on non-productive activities such as cooking, fetching
firewood, and care for the children. However, as a means of
generating household income and cash, both men and women were
involved in such activities as old panning, working in other people’s
fields for wages, and brick making. Although both male and females
were equally involved in agricultural activities such as land
preparation, ploughing, weeding and harvesting, mostly men were
involved in than marketing of produce such as cotton, maize and
other cash crops and have almost exclusive rights to the income so
generated (Table 5). Ownership, access, management and control
of large ruminants (herding, dipping, administration of drugs,
attending meetings, marketing), was reported to be the dominion
of men (except for female herded households), while women had
ownership, access, control and management of small ruminants
(sheep and goats), and poultry (chicken, guinea fowls, and pigeons)
(Table 5). As a result, men own and control most of the benefits
from livestock (cattle) such as draught power, manure, meat or
cash generated through hiring out or sales of livestock products,
while women enjoy benefits from small ruminants and poultry. It
was reported that unlike men who can squander their benefits alone
or with friends, women utilizes their benefits to fend for the
household and children’s needs
In the study areas, cattle were ranked the most important livestock
species followed by donkeys, and small ruminants (goats and sheep)
(Table 6). Resettlement and Small-Scale Commercial farmers
regarded donkey ownership as a sign of poverty: - ‘a donkey is a
poor man’s animal’ they said. One farmer actually said “Ndiyani
wawakamboona akaroora nedongi iwe?’ (Who have you ever seen
paying lobola with donkeys?). The domestic chicken was the
predominant poultry species in Sanyati, but farmers in Gokwe
prefers the guinea fowl, claiming these birds are more resistant to
diseases than the village chicken and they produce more eggs. Trend
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analysis on livestock numbers indicated a general decline in all
the major classes of livestock species except for donkeys and guinea
fowls. The declining population trend was attributed mainly to
diseases and recurrent droughts.
Rankings on benefits from livestock are presented in Table 7. With
particular focus on cattle, provision of draught animal power was
ranked the most important function of cattle.
Constraints to livestock production identified included diseases,
inadequate veterinary extension, shortage of water and grazing,
poverty, and lack of security (Table 8). Of these, livestock diseases
were cited as the major cause for concern throughout the study
areas. Shortage of grazing and water was reported to be critical
mainly during the dry season (Sept – Oct), although dry spells
during the rainy season were reported to be common especially in
communal areas. Stock theft was a significant constraint to livestock
production in both the communal and resettlement areas.
A number of important livestock and poultry disease as perceived
by the farmers are presented in table 9. More diseases were reported
in cattle than any other livestock species, while the village chicken
had the highest number of diseases reported compared to any other
bird. However, donkeys and guinea fowls had the least number of
disease conditions reported (Table 9).
Under the cattle sub-section, the most important diseases identified
were dermatophilosis (“Chikundura” in local language), followed
by tick borne diseases Anaplasmosis, Babesiosis (redwater), and
Cowdriosis (Heartwater), Blackleg, Parafilariosis, and two
emerging previously unreported diseases of cattle (Table 10).
The first new unreported disease was known as ‘Elephant skin
disease’ in local language. Cases of the disease were characterized
by extensive thickening, puckering, and wrinkling of the skin in
shoulder region (Photograph 1). According to the farmers, initially,
affected cattle were in good body condition, and weight loss is
progressive. Reports indicated that all ages, sex, and classes of
stock are susceptible. Farmers had tried to use antibiotics
(tetracyclines) to treat affected cases to no avail.
The second, unknown disease syndrome reported was characterized
by sudden onset of dyspnoea in cattle of all ages and in good body
condition. The loud and laboured breathing was then followed by
oedematous swellings of the submandibular region. Upon slaughter,
some farmers noticed deposits of thick, dark material within the
bronchiole tree. Preliminary histopathological results on the
“Elephant skin disease” were highly suggestive of besnoitiosis
caused by Besnoitia besnoiti. No nematode eggs were observed in
faecal samples taken from cases of the respiratory disease syndrome
where we suspected Lungworm infestation.
Historical analysis on the most important cattle disease identifiedBovine dermatophilosis, showed that farmers believe the disease
to have originated from elephants in Hwange National Park, and
transmitted to cattle by bont ticks (known as “Elephant ticks” in
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local language). Elderly farmers recall the first outbreaks of the
disease to have been in the early 1920s in Lupane in Matebeleland
North province. The disease then spread to Gokwe (Midlands
Province), where first cases were seen towards the end of the
liberation struggle (1978/79). The occurrence of the disease in
Gokwe also coincided with the first appearance of “Elephant ticks”
in the area. Farmers reported that the disease was well established
in the area between 1981 and 1985.
From Gokwe, the first case of bovine dermatophilosis was seen at
Tsetse fly dip tank in Sanyati Communal Area (Mashonaland West
Province) during the drought of 1992//93. In Sanyati, farmers
reported that a number of goats also succumbed to the infection.
Dermatophilosis was well established in the area by 1994/95. As
in Gokwe, occurrence of the disease was associated with :elephant
ticks”, and spreading within Sanyati was attributed to long dipping
intervals, caused among others, by erratic supply of acaricides,
inadequate water in the dip tanks, the persistent droughts, and lack
of maintenance of broken down dips. For example, at Makwechere
dip tank (Sanyati communal area), farmers reported that in 1999,
they did not dip their cattle for over 5-6 months, and the same
year, more than three quarters of the dip census was at one time
affected by the disease.
From Sanyati Communal Area, dermatophilosis spread to Chenjiri
Small-Scale Commercial Farming Area where the disease was first
noticed around 1996/97. Spreading to Chenjiri was attributed to
the relocation of communal cattle into the commercial farming areas
in search of grazing during the drought of 1995/96. In Chenjiri,
farmers reported heavy cattle mortalities. One farmer said
“Mupurazi mose umu angova mapfupa chete mwaanangu” (these
paddocks are full of bones of dead cattle). Another farmer reported
that his whole herd of 18 cattle has been wiped out and he now is
literally a poor man who relies on donkeys for draught power.
From Chenjiri, dermatophilosis spread to Lazy Y Resettlement Area
(about 40 kilometres outside Kadoma) between 1998/99. However,
unlike in the previous cases, this spreading was attributed to the
purchase of an infected Brahman cow and its calf by a local resident.
The farmer was reported to have bought the infected cow and calf
at a market (Cold Storage Commission (CSC) organized) in Sanyati
in 1998.
In all the study areas, farmers attempted to control the infection
through the use of both traditional medicine and conventional
veterinary drugs to treat clinical cases of the disease. However,
the general consensus was that treating the condition was very
difficult. Some of the traditional herbs/drugs used include
Muvengahonye (extracts from ……), Chikokiyana (7 days brew),
cotton pesticides, or mixtures of snuff (Bute) and used oil, which
they rubbed onto the affected area. Conventional drugs used include
a wide range of oxytetracycline derivatives such as Hitet,
Coopermycin, Alamycin, Terramycin, Hermicilin, and
Chanacycline. Some even attempted using external applications
such as used oil and copper sulphate.
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Table 2. Wealth ranking by farmers in Sanyati and Gokwe smallholder farming areas
Farmer Groups
Poor Farmers
Cattle
Maize
/Yr

Site
Tsetsefly

C.A.

Average Farmers Well Resourced Farmers
Housing
Cattle
Maize
Housing
& Tools
/Yr
& Tools

Cattle

Maize
/Yr

Housing
& Tools

0-4
herds

0-4 Bags

Huts NoTools

5- 8
Herds

5-9 Bags Brick hse
Thatch
few tools

> 10head

>
bags

10 Bags
Asbestos Planters
Seeds Fertilizer

Chousvinu C.A.0- 4
herds

0-4 Bags

HutsNo Tools

5-9
Herds

5-9 bags

Brick hse
Thatch
few tools

>10head

10-20

Solar Asbestos
PloughsBorehole

Chinyenyetu C.A.0-3
herds

0-3 Bags

HutsNo Tools

4-8
Herds

3-5 Tons

Brick hse
Few tools

>10head

15-20 Tons
+ Extra Plough Cultivator
Seeds Asbestos

Sidhaka C.A. 0-4
herds

0-5 Bags

HutsNo Tools

5-8
Herds

40 Bags

Brick hses
Few tools

>10head

120 Bags
+ Extra
Cultivator Planter
Seeds Fertilizer

Lazy Y R.S.

0-6
herds

2-5 Bags

Huts No Tools

7-9
herds

30-60
Bags

Brick hse
>15 head
ThatchPloughs
Cultivator
Fertilizer
Scotchcut

Chenjiri S.C.C 0-6
herds

2-8 Bags

Huts Few Tools

6- 10
herds

20 Bags TractorPloughs
+ Surplus Polygamy
For Sale Seeds
Fertilizer

Brick hse
15-20head 150 Bags
Toilet Ploughs
+ Extra
Cultivator Hoes
Scotchcut
Fertilizer

Tractor Lorry
polygamy
Seeds
Fertilizer
Hire Labor

Key
c.a.
r.s.
s.c.c

Hse

= communal area.
= resettlement area.
= small-scale commercial farming area.
= house

Table 3. Livelihood activities (and rankings) for farmers in Sanyati and Gokwe smallholder
farming areas.
Livelihood activities
Crop farming (1)

Livestock production (2)

Non- farming activities (3)

Maize

Cattle

Panning

Groundnuts

Donkeys

Gardening

Roundnuts

Dogs

Crotchety

Sunflowers

Pigs

Woodwork

S/ Potatoes

Sheep

Hunting

Rice

Goats

Vending

Rapoko

Rabbits

Welding

Cotton

Chicken

Sowing

Cowpea

Guinea Fowls

Bricks

Sorghum

Turkeys

Hired Labor

Key = Number in parentheses () indicates the rank of the livelihood activity.
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Table 4. Gender activity profiles with respect to non-farming activities
Activity

Gender

Time

Location

Off-farm remunerative
Crotchety
Woodwork
Hunting
Wage labour
Brick making
Cooking sadza for sale
Knitting/ weaving
Cutting & selling grass
Pottery
Market gardening
Brewing & selling beer

Gold panning
F
M
M
F/M
M/F
F
F
F
F
F
F

M/F
Continuous
Continuous
Seasonal
On-going
Seasonal (3-5m/yr)
Seasonal (3-5m/yr)
Continuous
Seasonal (2-3m/yr)
Continuous
Seasonal (3-5m/yr0
On –going

Seasonal/continuous Field
Home
Field/home
Field
Local community/ beyond
Home / dam
Local business centre
Home
Field
Home
Dam/borehole
Home

Off-farm, non incomeFetching firewood
Fetching water
Cooking
Washing clothes
Baby minding
Cleaning yard & houses

F
F
F
F
F
F

Daily
Daily
Once/week
Daily
Daily or once/week

Home
Home
Home
Home
Home

Table 5. Ownership, access, and control of livestock resources by gender
Resource
Cattle
Small ruminants
Poultry
Donkeys
Dogs

Access by
gender
M/F
F
F
M/F
M

Control by Benefits from the resource(s)
gender
M
Draught power, meat, milk, money, manure, cash, hides, transport
F
Meat, manure, milk, money, hides, ceremonial, prestige
F
Meat, manure, money, eggs, ceremonial
M
Draught power, transport
M
Security

Table 6. Livestock species preferred by farmers in Sanyati and Gokwe smallholder farming
Ratings on preference
Site
Cattle
Tsetsefly c.a.
Chousvinu c.a.
Chinyenyetu c.a.
Sidhaka c.a.
Lazy Y r.s.
Chenjiri s.c.c.

Sheep
1
1
1
1
1
1

Goats
6
2
3
*
3
3

DonkeysChicken Guinea fowls
3
2
4
4
2
10
3
3
3
2
4
4
3
2
4
4
2
2
3.1
3.1
3
2
4
4

Ducks
6
10
-

Rabbits
7
10
-

Pigs
10
3
-

areas of Zimbabwe

Dog/cat
10
5
5
5
5
5

Key
c.a.

= communal area.
= resettlement area.
s.c.c
= small-scale commercial farming area.
*
= sheep believed used by witches hence community against the animal
Note: a score of 1 depicts the most preferred, while 10 depicts least preferred.
r.s.

Table 7. Rankings on benefits obtained from cattle ownership in Sanyati and Gokwe smallholder farming areas of Zimbabwe.
Farmer preferences on benefits realized from cattle
Site
Meat
Milk
Draught power
Cash
Manure
Social
Tsetsefly c.a.
1
3
2
4
4
5
Chousvinu c.a.
2
4
1
3
5
6
Chinyenyetu c.a.
5
3
1
5
2
4
Sidhaka c.a.
4
3
1
2
2
5
Lazy Y r.s.
3
4
1
2
5
7
Chenjiri s.c.c.
2
3
1
2
4
5
Key
C.A.
R.S.
S.C.C

= Communal Area.
= Resettlement Area.
= Small-Scale Commercial Farming Area.

Note: Ratings decrease in the order 1,2,3,……..10
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Table 8. Rankings on constraints to cattle production as reported by farmers in Sanyati and Gokwe smallholder farming areas
of Zimbabwe
Constraints to livestock productivity
Site
Security
Water shortage Shortage of grazing Diseases
Cost of drugs
Veterinary
Extension
Tsetsefly c.a.
5
3
2
1
4
2
Chousvinu c.a.
4
3
5
2
3
1
Chinyenyetu c.a.
4
3
2
1
3
5
Sidhaka c.a.
5
4
2
1
3
3
Lazy Y r.s.
3
4
5
1
2
3
Chenjiri s.c.c.
3
4
5
1
2
4
Key
C.A.
= Communal Area.
R.S.
= Resettlement Area.
S.C.C
= Small-Scale Commercial Farming Area.
Note: Ratings decrease in the order 1,2,34,…….10.
Table 9. Livestock and poultry diseases reported by farmers in Sanyati and Gokwe smallholder farming areas of Zimbabwe
Cattle
Blackleg
Anthrax
Anaplasmosis
Babesiosis
Heartwater
Mastitis
“Magwiriri”*
Dermatophilosis
Lameness
Parafilariosis\
Corneal Opacities
“Elephant Skin”*
Foot & Mouth
Diarrhoea
Wasting
Internal Worms
Wounds
Rabies

Sheep & Goats
Orf
Dermatophilosis
Heartwater
Weight Loss
Pneumonia
Mange
Rabies

Donkeys
Wounds
Parasites

Village Chicken
New Castle
Disease
Coccidiosis
Mites
Lice
Fowl Choryza
Fowl Cholera
Internal Parasites

Guinea Fowls
Internal Parasites

Key * = new disease syndromes
Table 10. Top five rankings on cattle diseases reported by farmers in Sanyati and Gokwe smallholder farming areas of Zimbabwe
Site

Disease
Magwiriri

Dermatophilosis

Blackleg

Tsetse fly c.a.

Mastitis

Parafilaria

Tick borne diseases

-

-

4

4

1

-

3

4

5

2

1

6

Chinyenyetu c.a.

-

5

-

3

1

4

Sidhaka c.a.

5

4

5

2

1

3

Lazy Y r.s.

3

4

-

2

1

5

Chenjiri s.c.c.

5

-

3

3

1

2

Chousvinu

c.a.

Key
C.A.
R.S.
S.C.C

-

= Communal Area.
= Resettlement Area.
= Small-Scale Commercial Farming Area.
= Not Ranked Within The Top Five Diseases

Note: 1. Ratings decrease in the order 1,2,3,4…..10
2. At Tsetse fly, anthrax was ranked 2, Rabies 3, and internal parasites 5.
3. Magwiriri is shona for the “new respiratory disease syndrome”.
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Photograph 1. Pictures of cattle suffering from severe chronic
dermatophilosis.
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4.0

Discussion

Decision-making in the real world is very much a time-bound
activity. Successful enterprises, projects and programmes must react
to the situation today. Real-time decision-making processes are
based on examination of existing data and the rapid collection of
intelligence to fill the gaps (Moris and Copestake, 1993). Present
findings present a set of existing data that could be very useful in
decision-making on animal health constraints today.
The high percentage of resource poor families in communal areas
could be attributed to the marginal to poor agricultural potential of
the land, compounded by overcrowding. Literature shows that most
communal areas of Zimbabwe are overcrowded with both livestock
and human population to the point of exceeding the carrying
capacity of the land under present institutions and available
resources (Mehretu, 1994). Poverty in these smallholder farming
areas appears to be associated with poor crop and livestock
production which ahs been attributed to low agricultural potential
of the land (Mehretu, Hansen and Perry, 1990). Present results
show a strong positive relationship between livestock ownership
and grain yield, which in turn emphasizes the critical role of
livestock in household food security and poverty reduction.
However, the percentage of farmers with adequate livestock
resources and other inputs needed for sustainable crop production
was reported to be very low compared to poor farmers. Therefore,
policy makers should focus among others, on livestock development
as a tool for poverty alleviation in smallholder farming areas.
An analysis of livelihood activities and their rankings showed that
household objectives in all the study areas were largely focused
on food security giving high priority to production of food or cash
crops, followed by livestock production. However, the crop
subsystem depends on healthy and adequate numbers of livestock
(cattle, donkeys, sheep & goats) for draught power and manure,
and this further highlights the importance of livestock development
in ensuring food security for smallholder farmers. In addition to
crop and livestock production, farmers also engage in non-farming
activities to mitigate against failures in their mainstream livelihood
activities. The diversification of survival activities is an important
risk reduction measure which is meant to stabilize the smallholder
farming enterprise and household economy through diversification
of production and income sources. In this perspective, livestock
mitigates against natural disasters such as droughts or floods
through provision of food (meat, milk, eggs), or cash live sales,
sale of livestock products), and, although non-farming activities
are not the preferred survival strategies for most farmers, cash
generated from non-farming income generating activities is invested
in either crop or livestock production, or supplementing agricultural
income in acquisition of immediate household needs such as food,
school fees etc. Therefore, in situations where it is not possible to
promote either crop or livestock production, developers should
focus on promoting non-farming income generating activities as a
means of improving the standard of living for the affected rural
households. The importance of such a system was further explained
by Elis–Jones et al. (1994) and San Sourcy (1995).
Results on gender analysis and women involvement in agriculture
suggest that women do most of agricultural work but control a
small portion of the agricultural income. Women carry out most of
the
regular agricultural and non-farming work and so produce the
largest component of household food and cash income. However,
inspite of spending most of their long working hours in the field,
the marketing of the produce is carried out mostly by men. The
fact that marketing of produce is controlled by men implies that
household income is most likely unevenly distributed. Similar
findings were reported by Shumba and Hwingwiri (1988).
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access to, and control small stock and poultry, suggest that they
bear the brunt of the social poverty prevalent in these areas. The
inequality in livestock ownership, control, and access to means of
production, gives the impression that for research to bring
meaningful development, poverty reduction, and improving the
welfare and health of smallholder communities, it should be gender
sensitive taking into account the different roles, objectives,
potentials and constraints of men and women in the rural household.
Emphasis should be on development and promotion of women
dominated enterprises such as poultry production, small ruminant
production and non-farming income generating activities. Similar
sentiments were echoed by Booth (1999), who reported that
recognizing the role played by women is fundamental to agricultural
and rural development, but more importantly, recognizing and
supporting this role is crucial for the development of women and
the fulfilment of their economic potential. The challenge is on
governments, agricultural extension workers, and donor
organizations to also focus on the promotion of survival strategies
where women have access, and control of both inputs and outputs
(small ruminants and poultry, non-farming remunerative activities,
and reproductive activities)..
It has been observed in this study that more women were involved
in non-farming income generating activities than men (Table 4).
Reasons for this are multifactorial. Firstly, this could be interpreted
to mean the mainstream agricultural activities are failing to generate
and provide enough income to sustain the household. It is also
possible that more women engage in non-farming income
generating activities than men because these activities require very
little working capital. Furthermore, women are drawn to these
activities because at least they control the income generated, which
ironically, they use to augment household needs. Paradoxically,
non-farming income generating activities could be viewed as a
potential tool for women advancement, promotion of self reliance,
food security and economic emancipation, but these activities are
presented as an additional burden to the already overworked rural
women. These women do most of the agricultural and nonagricultural work, control only a small share of the overall income,
but unlike their husbands, they spend most of the income on food
for the family (Muchena.1994). Therefore, the increase in workload
for rural women is not necessarily accompanied by an increase in
entitlement or access to means of production or outputs. With these
observations in mind, one can conclude that agricultural research
projects must be carefully planned and designed to avoid giving
women more work without compensatory returns.
Findings on the livestock species preferred by farmers (Table 6),
and the attendant rankings on benefits from cattle (Table 7), are
not peculiar to this study alone. Similar findings were reported by
Shumba (1985), GFA (1987), Barret (1992), San Sourcy (1995),
and De Haan (1995). However, at any moment, livestock species
kept by a community reflects the farmers’ needs and priorities. In
the present study, cattle were the most preferred livestock species
most likely because of the need for draught animals to power crop
farming operations. That draught power was the most critical need
of the communities in question can be supported by the observation
that donkeys were rated the second most preferred animal species
despite their lack of any food or salvage value. Through experience,
the farmers have learnt to appreciate the economic advantages of
possessing adequate draught animal power. Literature shows that
smallholder farmers who combined crop and livestock production
earn more than twice the income of their counterparts who only
raised subsistence crops, with half or more of their overall
household cash income coming directly or indirectly from the
livestock subsystem (ILCA, 1987). Observations on the farmer’s
priorities in the present study reflects the need for sound, health,
and adequate numbers of draught animal power, and is in support
of previous observations by Pearson (1993), and Ellis-Jones et al.
(1994).

The observation that women do not have access to or control of
land, large animals or the benefits thereof, but rather that they had
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Based on the present findings on livestock species of preference
and rankings on benefits from livestock, one can conclude that for
research to bring meaningful development to the concerned farmers,
it must focus on increasing the availability of draught animal power.
Draught animal power and manure partially substitute for the fossil
fuel driven tractors and fertilizers actively used in commercial crop
production enterprises. Due to poverty, smallholder farmers cannot
afford the tractors and chemical fertilizers, and furthermore, their
substitution by draught animal power and manure contributes
significantly towards increased, sustainable, and environmental
friendly crop production (Gittinger et al., 1992).
Paradoxically, the donkey was rated the second most preferred
livestock species, and trend analysis showed the donkey population
increasing in almost all the study areas despite the resentment by
some farmers. The resentment could be attributed to the lack of
meat or salvage value for donkeys as well as their slow working
speed. Hagman and Prasad (1994) reported that donkeys ploughed
less area per day and their walking speed was significantly slower
than cattle. Therefore, the farmer’s perceptions of the donkey as
“a poor man’s animal” may not be without merit. The farmer’s
experience and observations are supported by the findings of
Nengomasha (1994). It appears farmers are turning to raising
donkeys after experiencing numerous problems with cattle
production (Table 8).
It has already been highlighted that one of the most important
epidemiological applications of participatory rural appraisal
methodologies in animal health research is the rapidity with which
researchers gain an overview of the range of a community’s animal
health problems together with a measure of the importance with
which people place on each of the problems. The shortage of
grazing and water was reported to be a problem in communal and
not in resettlement and small-scale commercial farming areas. This
has been attributed to overpopulation and overgrazing which has
resulted in severe land degradation (Kay, 1975), through soil
erosion, deforestation, and overgrazing (Lipton, 1990). The decline
in land potential results in a decline in average annual income per
household, and an increase in number of households reporting food
deficits. According to Mehretu (1994), most of these households
would end up engaging in non-farming income generating activities.
This is in agreement with our findings where communal farmers
reported that more than three quarters of them are in the “poor”
category and spent most of their time engaged in non-farming
activities (“Vanoswera vari kumaricho”).
It becomes a puzzle why veterinary extension could be one of the
major constraints to livestock productivity reported by the farmers
despite the heavy investment in Veterinary support services by the
Government of Zimbabwe. However, Woods et al. (1998),
identified lack of transport as one the major obstacles in effective
veterinary extension. Other possible causes include lack of
supervision, shortage of drugs at these centres, and low morale by
the staff.
In the present study farmers perceived livestock diseases to be one
of the most important constraints to livestock productivity. For the
purpose of this discussion, the range of livestock diseases identified
(Table 9) will be divided into several groups. One option is to
classify them into those diseases which occur as epidemics such as
anthrax, foot and mouth diseases, and new castle disease (poultry),
and endemic diseases such as dermatophilosis, tick borne diseases,
blackleg etc. This classification gives the impression that
smallholder farmers under study are more concerned about
recurrent endemic diseases affecting their animals rather than
occasional outbreaks of epidemic diseases. Similar observations
were made by McDermott et al. (1999). This observation demands
that the department of Veterinary Services give high priority to
research, diagnosis and control of endemic recurrent diseases of
livestock
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Another option is to arbitrarily classify the diseases into either
parasitic (tick borne diseases, tick associated diseases,
helminthiasis), viral diseases (rabies, new castle disease, foot and
mouth disease, lumpy skin disease), or bacterial (anthrax, blackleg,
fowl cholera). With such a classification, vector borne or vector
associated diseases will emerge as the major causes of concern for
the smallholder farmers. Such a finding would be supported by
observations by Provost (1991).
Further, the disease could be grouped into those for which disease
control technology and expertise is available in the country, or
those for which disease control technology is not available in
country (would need to be imported). This classification gives the
impression that the livestock diseases of major concern to the
farmers are those, which could have been easily controlled through
effective use of existing disease control technology such as reliable
vaccines, drugs, and effective dipping. FAO (1988), and Mlangwa
and Kisauzi (1994), also reported that an increase in prevalence of
diseases for which disease control technology exists within a
country reflects inadequate transfer of the available technology.
Therefore, it is prudent that veterinary authorities and other
stakeholders in the livestock sector priorities the delivery of
available disease control technology.
To marry the two observations above, it appears smallholder
farmers in Sanyati and Gokwe are mainly concerned about endemic
vector borne diseases (especially dermatophilosis and tick borne
diseases) of livestock. Vector borne diseases are a real challenge
to veterinary authorities throughout the tropics. There are many
possible reasons for this, but most importantly, the occurrence of
is greatly influenced by environmental and climatic conditions the
control of which is not easily practical. Unlike the specified
epidemics such as anthrax, foot and mouth disease, new castle
disease, and rabies etc, whose occurrence demand swift and prompt
intervention (vaccination, movement embargoes) by Veterinary
Authorities, there are no effective and easily administered field
vaccines for endemic and vector borne diseases. It is thus possible
that the farmers are concerned simply because the control of such
diseases is their prerogative. Apart from livestock morbidity and
mortality, it is also possible that farmers are worried because the
increase in prevalence of these diseases coincides with the time of
maximal demand for draught animal power, thereby interrupting
cropping operations.
Since more diseases were reported for cattle than any other livestock
species, it appears the society in question is more dependant on
cattle than any other species. This is because the extent of
knowledge on a particular agricultural activity is usually related to
the degree of economic dependence a society has on that activity.
With respect to poultry species, more diseases were reported for
the domestic chicken as opposed to the guinea fowl. Unlike the
situation with the donkey, this does not reflect any “neglect” for
the species, but rather, a shift in farmers’ preferences based on
experiences. The farmers’ experiences were that guinea fowls are
more resistant to diseases compared to the traditional village
chicken, and they demand less food. However, literature is not
available on the comparable productivity of these two birds when
put under similar environmental and management conditions of
scavenging. This area needs further research especially given that
basically poultry production is one the few available economic
means for rural women.
Findings on the most important disease of cattle revealed some
useful epidemiological facts about bovine dermatophilosis.
Anecdotal evidence supplied indicated that the disease has covered
considerable ground (geographical distribution) within the last few
decades. It appears spreading of the disease was mainly associated
with reduced tick control on cattle. During the liberation struggle,
dipping was suspended or totally ceased in some parts of the country
(Lawrence et al., 1996). Similarly, during droughts, dipping is
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suspended either because of lack of water or poor condition of the
cattle. However, spreading of dermatophilosis was also observed
to be associated with spreading of “elephant ticks” (A. variegatum).
The association between bovine dermatophilosis and A. variegatum
was long reported by Norval (1986). Findings from this study
provide further support to the observations by Bruce et al. (1995),
and Wilson (1996) that in situations of reduced dipping, A.
variegatum ticks and its associated diseases might spread to new
geographical locations.
This disease should receive high priority for veterinary research
because currently efforts are at an advanced stage to adopt some
of the principles of integrated tick and tick borne disease control
emphasizing among others, the reduced dipping of communal cattle
in order to promote endemic stability (Animal Health (Cattle
Cleansing) Regulations 1996). The adoption of this policy without
sufficient information threshold dipping levels to control A.
variegatum ticks (and dermatophilosis), might mean continued
spreading of the disease into new territories thereby bring about
devastating consequences on livestock production in Zimbabwe.
Conclusion
This participatory rural appraisal in animal health research casestudy has yielded substantial information vital in decision-making
and policy formulation. Livestock disease especially
dermatophilosis infection in cattle, emerged as the major constraint
to livestock production in all the study areas. Consequently, this
disease should be given high priority.
Recommendations
It was recommended that further research be carried out on the
epidemiology of dermatophilosis, the definitive diagnosis and
epidemiology of the unknown diseases, and finding ways of
improving animal health delivery within the communities.
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DEVELOPMENT OF MOLECULAR DIAGNOSTIC TECHNIQUES FOR ANIMAL DISEASES AND A MOVE
TOWARDS LOCAL PRODUCTION OF LABORATORY DIAGNOSTIC REAGENTS.
P.V. Makaya and B. Saidi
Department of Veterinary Technical Services
Veterinary Diagnostics and Research Branch
Central Veterinary Laboratories
P. O. Box CY551
Causeway. Harare.

Abstract:
Laboratory diagnostic tests play a major role in the veterinary decision
making process because they provide the basis of disease confirmation
and disease free certification of animals and animal products. Although
the traditional immunological diagnostic tests based on antibody/antigen
reactions (slide agglutination tests, fluorescence antibody test (FAT),
enzyme linked immunosorbent assay (ELISA) and monoclonal antibodies)
are still in use for rapid disease screening diseases, they are less specific
and sensitive than the modern molecular techniques based on nucleic
acid manipulation.
In an effort to ensure an accurate and reliable diagnostic service that
meets international standards, the Central Veterinary Laboratory (CVL)
has carried out laboratory based research and developed or adopted nucleic
acid based molecular diagnostic techniques for selected animal diseases
of zoonotic and economic importance. The assays developed include
molecular based DNA research tools (AFLP, ribotyping and plasmid
profiling) which are used to identify sources of infection and for tracking
transmission cycles of infectious diseases.
In most developing countries including Zimbabwe, laboratory testing
processes have become very expensive due to high costs of most critical
consumables and reagents which are purchased using foreign currency.
More constraints associated with availability and delays in delivery of
these goods and services are commonly encountered because they solely
depend on the foreign institutions which provide these services. The CVL
has therefore made it a policy to locally produce some of the critical
reagents which include FAT conjugates for blackleg and rabies diagnosis.
The Thermus aquaticus (Taq) polymerase, which happens to be the most
expensive component of PCR and RT-PCR assays, is already under local
production. The other reagents and products earmarked for local
production include antigens for ELISA tests and bacterial vaccines for
blackleg, brucellosis and anthrax.
This paper therefore gives an outline of nucleic acid based tests developed/
adopted or under development at the CVL, reasons leading to the policy
of local production of reagents and their possible impact on sustainable
animal health delivery and on wealth creation by players in the livestock
industry.

1.0
Introduction:
The free circulation of animals and animal products in international
trade resulting in high risk of disease spread has resulted in the
WTO, OIE and other international trade organizations putting in
place international veterinary policies which demand for highquality veterinary certification of animals and animal products
(WTO SPS agreement, 2004). This is being effected to ensure the
best protection for the health of human and animal populations
and to facilitate the development of trade in animals and their
products. Production of an international veterinary certificate is a
complex procedure, composed of several processes which
veterinary services worldwide need to implement (OIE manual,
2004). Veterinary diagnostic laboratories play a crucial role in this

process because they provide the basis of disease confirmation
and disease free certification.
The Central Veterinary Laboratory (CVL) of the Veterinary
Diagnostics and Research Branch under the Department of
Veterinary Technical Services is mandated to deliver quality
diagnostic and research outputs as a national, regional and an
international service. In line with this mandate the CVL has for
decades provided diagnostic and research services for zoonoses
and animal diseases of economic importance for the country and
the SADC region (CVL annual reports, 2003, 2004). It is also
involved in the production of autogenous viral and bacterial
vaccines as well as tick borne disease blood vaccines which include
anaplasma, theileria and babesia vaccines. In order for the
laboratory to maintain this status, it should thrive to providing
accurate and reliable disease diagnostic and research services of
international recognition. The laboratory should also ensure that
the provision of these services is sustainable and affordable by
farmers and other stakeholders.
An accurate and quality diagnostic service depends mainly on welltrained laboratory personnel, availability of appropriate equipment
and availability of consumables and reagents. The scarcity of
foreign currency has made it difficult for the CVL to purchase these
critical pieces of equipment, consumables and reagents from
overseas markets, resulting in the laboratory testing process being
very expensive for the livestock industry and the government. The
CVL has therefore made it a policy to locally produce some of the
critical reagents used in the laboratory diagnostic process.
Laboratory disease diagnosis has conventionally been based on
antibody and antigen detection as well as isolation of the
aetiological agents and microscopic observations. Although
isolation of the pathological agent is often the ‘gold’ standard
technique, it is often difficult to isolate the pathological agents
due to multiple reasons, which include poor sample preparation
and difficulty or non-cultivation of pathogens (Hunter PR, 1990).
Viable pathogens in clinical samples are also normally found in
very small quantities resulting in false negative isolation results.
Modern molecular techniques based on nucleic acid manipulation
are highly specific and are more sensitive than immunological
techniques with the added advantage that they can be used to
characterise pathogens at genetic level. The most powerful nucleic
acid based diagnostic tool to date is the in vitro polymerase chain
reaction (PCR) (Desai UJ and Pfaffle PK, 1995). Other nucleic
acid based techniques are also being used as research tools for
genetic characterisation of pathogens and for molecular
epidemiology studies (Arbeit RD, 1995).
In an effort to ensure an accurate and reliable diagnostic service
and meet international standards in terms of sensitivity and
specificity, the CVL established the Molecular Biology unit to carry
out laboratory based research and develop or adopt nucleic acid
209
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based molecular diagnostic techniques for animal diseases of
zoonotic and economic importance. These techniques are mainly
PCR and RT-PCR assays for both bacterial/parasitic diseases and
for viral infections respectively.

Another PCR assay for trichinellosis in crocodiles and pigs and
RT-PCR assays for Newcastle disease in poultry and tick borne
diseases have been established. Protocols have been set up for
assays of foot and mouth disease and contagious bovine
pleuropneumonia.

2.0

4.0
Genetic research and epidemiological tools:
In addition to the established diagnostic tests the laboratory has
focused on the establishment of various molecular based research
tools such as amplified fragment length polymorphism (AFLP),
ribotyping, IS 200 typing and plasmid profiling. These DNA based
typing methods are currently being used to identify sources of
infection and for tracking transmission cycles of infectious diseases.

Development or adoption of Molecular Diagnostic and
Research Methods at CVL:

Although the CVL is still depending heavily on pathogen isolation,
microscopy and biochemical tests for laboratory disease
confirmation, molecular diagnostic assays are now widely used
for the diagnosis of pathogens which are either difficult to grow or
are found in very small quantities in clinical samples. The modern
molecular diagnostic and research methods which are based on
nucleic acid manipulations have an added advantage of being used
to characterise pathogens at the genetic level (Grimont F and
Grimont PAD, 1991).
Generally, molecule based diagnostic techniques can be divided
into phenotypic and genotypic diagnostic methods. Some of these
molecular based techniques are also being used for research
purposes mainly as molecular epidemiology tools. Although the
phenotypic molecular based antigen/antibody diagnostic assays
have been developed and put in use for decades, very few of the
nucleic acid based diagnostic and research methods are currently
in use and most of them are still under development/adoption.
Phenotypic molecular methods:
The phenotypic molecular diagnostic methods are based on the
detection of the actual antigen (pathogen) or proteins/molecules
(antibodies) produced as an immunological response to the
introduction of an antigen into a susceptible host (Hunter PR, 1990).
These antibody/antigen reactions include slide agglutination tests,
FAT, ELISA and monoclonal antibody tests.
At the CVL, haemagglutination inhibition tests are available for
viral diseases like avian influenza and Newcastle disease while
ELISA assays are available for foot and mouth disease, bovine
leucosis and tick-borne diseases. The slide agglutination tests are
used for the detection and serotyping of bacterial strains such as
salmonella and a range of mastitis pathogens. The FAT assays are
used for detection of tick-borne diseases, rabies and blackleg.
Although these phenotypic methods require less technical expertise
as compared to the nucleic acid based tests, they are generally
cheaper and are more effective in carrying out disease surveys as a
result of being able to test large numbers of samples at a time, they
are less sensitive and specific as compared to the modern nucleic
acid based techniques. That is why the CVL is establishing
genotypic methods based on nucleic acid manipulation to
complement these phenotypic methods.
3.0
Genotypic methods:
To ensure an accurate and reliable diagnostic and research service
to the nation and the international community, the CVL adopted or
developed highly sensitive and specific PCR and RT-PCR based
diagnostic assays to back up the traditional non-molecular based
tests and the phenotypic molecular based methods. These PCR
assays are based on nucleic acids which are generally not affected
by environmental changes. Assays for research purposes which
use both the PCR principle and the genetic probes are also being
adopted.
Currently PCR assays have been established for campylobacteriosis
and tritrichomoniasis which are venereal diseases of cattle. These
two assays have already been put in routine use to screen bulls in
Wedza and Buhera communal areas through funding from the
Biotechnology Trust of Zimbabwe (Makaya PV, et al,. 2002).
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Ribotyping, IS 200 and Plasmid profiling were used successfully
to study the molecular epidemiology of salmonellosis in
Zimbabwe’s poultry industry (CVL annual report, 2002). These
methods with the exception of IS 200 typing were also used to
study the distribution mastitis pathogens especially that of
Staphylococcus aureas strains in small scale dairy schemes of
Chikwaka, Gokwe and Marirangwe (Makaya, PV, 1998). Strains
from these dairy schemes were compared with those isolated in
well established commercial dairy herds and their epidemiological
relationships determined.
More molecular based typing methods will be adopted and be
established to strengthen the laboratory’s research capacity. Similar
methods have already been earmarked for use during the
implementation of recently approved 3 year project on “Molecular
Epidemiology of Enteric and Urogenital Pathogens”.
5.0
Local production of laboratory reagents:
The ability of a veterinary diagnostic laboratory to deliver an
accurate and quality diagnostic service relies on well-trained
laboratory personnel, equipment and availability of consumables
and reagents. Most critical pieces of equipment, consumables and
reagents are normally purchased and imported using foreign
currency, resulting in the laboratory testing process being very
expensive for the livestock industry and the government. In addition
to the high costs and scarcity of foreign currency, the production
and availability of these laboratory consumables and reagents solely
depends on the foreign institutions which provide these services,
resulting in the Central Veterinary Laboratory (CVL) having no
control over the production and delivery processes of these
laboratory inputs.
The Central Veterinary Laboratory has therefore made it a policy
to locally produce some of the critical reagents used in the
laboratory diagnostic process. For more than a decade, the CVL
has been producing tick-borne disease vaccines for babesiosis,
anaplasmosis and theileriosis, as well as autogenous vaccines for
selected bacterial and viral diseases. In pursuing the policy of
local production of reagents the CVL has now embarked on the
production of FAT conjugates for blackleg and rabies diagnostic
assays. The other reagents and products earmarked for local
production include antigens for ELISA tests and bacterial vaccines
for blackleg, brucellosis and anthrax.
Thermus aquaticus (Taq) polymerase, which happens to be the
most expensive component of PCR and RT-PCR assays, is already
under local production. During the Taq polymerase production
process the recombinant E. coli was used as the source of the
enzyme. One single step of purification and heat treatment was
done and most of the protein contaminations were removed by
denaturation. This locally produced Taq polymerase compared
favourably with the commercially derived Taq DNA polymerase
and is already being used for research purposes.
Although our CVL Taq DNA polymerase was found to be of
relatively good quality, further work is still to be done on enzyme
stability, when stored, sensitivity and specificity. After determining
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enzyme activity, the next step will be to produce the enzyme for
local in-house routine diagnostic purposes and for distribution to
other local diagnostic laboratories for research purposes.
6.0
Impact of test development/adoption and production
of reagents:
The impact of the development and practical use of these PCR and
RT-PCR assays in disease diagnostics, screening of export products
and diagnostic capacity building is already being felt. A similar
positive economic impact has been recorded as a result of local
production of laboratory reagents. The current cost of 1 vial (250
Units) of Taq polymerase enzyme stands at around Z$2 million.
By producing it locally the CVL has served a substantial amount
of money both in local and foreign currency. Once a wider range
of diagnostic reagents are locally produced, the CVL will provide
the diagnostic services of zoonoses and diseases of economic
importance to our new farmers and to other players in the livestock
industry at affordable prices.
For more than a decade the traditional commercial beef and dairy
sectors have been benefiting from the tick-bone disease vaccines
locally produced. With the successful implementation of the
Agrarian reform program, newly resettled farmers are slowly
realising the benefits of purchasing vaccines for different livestock
diseases. The CVL has put in place some outreach programs to
inform the new farmers of the existence of this wide range of
vaccines locally produced.
The government of Zimbabwe has already approved the
implementation of a five year project aimed at the local production
of anthrax, blackleg, brucellosis and lumpy skin disease vaccines.
All these vaccines are currently being imported from South Africa.
Once the local production of these vaccines is operational,
Zimbabwe will serve a substantial amount of foreign currency. The
vaccines will be available locally in local currency at affordable
prices, and hence assisting the government in building the national
herd.
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VEGETATION - ENVIRONMENTAL RELATIONSHIPS AS A LAND
QUALITY INDICATOR IN SEMI-ARID AREAS.
Dr. Neil Mandinyenya Zhou, Lecturer, Midlands State University, Department of Land and Water Resources Management, P.
Bag 9055, Gweru, Zimbabwe.
Key words: Canonical correspondence analysis, Environmental gradient, Land quality, Vegetation Indicator.

Abstract
The hypothesis that woody vegetation species indicate soil type and land
potential is very common in Zimbabwe and other similar countries.
Research in vegetation – soil relationships to test this hypothesis in
Zimbabwe has been very limited. A study was therefore conducted on
granitic soils to explore the association between vegetation community
structure, composition and soil characteristics; investigate the variance
in vegetation along the catenae and detect important soil variables that
influence vegetation changes and land quality in semi arid areas on granite.
Forty-one vegetation sites with a total of 81 woody plant species were
studied along nine catenae on granite. Canonical Correspondence Analysis
(CCA) ordination techniques were used to investigate variance in
vegetation and relate community composition to known characteristics
of soils, and to identify indicator species for certain soil characteristics
and land management problems. The study revealed that major
environmental gradients and most important land qualities that
distinguished between upland and lowland sites, vegetation structure and
composition along catenae were associated with exchangeable sodium
percentage (ESP), cation exchange capacity (CEC), soil erosion intensity
and drainage status of the soil. It was concluded that, vegetation
community structure and composition were not influenced by single soil
characteristics such as soil texture or pH but by a combination of factors
or land qualities as well as land management problems that determine
the agricultural potential of a site.

Early sources on vegetation patterns and distribution in Zimbabwe
come from Boughey (1961), Rattray (1961) and Rattray and Wild
(1961). Prior to these contributions, a number of studies (Henkel,
1931; Boughey, 1957) provided some information on vegetation
distribution patterns and broad ecological conditions governing
these distributions. These studies and those by Vincent and Thomas
(1960), Thompson (1965), and Wild and Barbosa (1968) are
descriptive classificatory investigations. There is a general paucity
of quantitative studies on vegetation-soil relationships that can be
relied upon when assessing land potential for sustainable agriculture
in granitic areas in Zimbabwe. More recent work on vegetation
communities is from Timberlake et al (1993).

1.0
Introduction
In Zimbabwe, research in vegetation-soil relationships, is being
motivated by the numerous observations on the associations
between natural vegetation communities and environmental
characteristics. Many reports that have been produced in the past
for example by the Departments of National Parks and Wildlife,
Forestry Commission and National Herbarium and National
Botanic Gardens describe the occurrence of vegetation types and
species in small areas (Anderson et. al., 1993).

Soils are moderately shallow to moderately deep, coarse textured
Siallitic (4G), Fersiallitic (5G) and Sodic (8N) soils (Thompson,
1965; Nyamapfene, 1991). Savannah is the most dominant
vegetation type (Wild and Barbosa, 1968). Physiognomy and
species composition are largely determined by rainfall pattern and
soil type (Anderson et. al., 1993).

There is little conclusive information concerning vegetation
indicator species for soil types especially in arid areas (Bennett,
1985; Nyamapfene, 1992). The objectives of the study were,
therefore to investigate the variance in vegetation along the catenae;
to explore the association between vegetation community structure,
composition and soil characteristics and detect important soil
variables that influence vegetation changes and land quality in semi
arid areas on granite.
2.0

Materials and Methods
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2.2
Vegetation Sampling
Homogeneous natural vegetation communities identified along the
catenae were used as a framework for sampling. Woody vegetation
was enumerated from plots of size 20 m x 20 m (Frost, 1995) during
the rainy season when most plants are green and in flower for easy
identification. The total number of individuals of each woody
species was recorded using their botanical names according to
nomenclature used by Biegel and Mavi (1972) in each height classes
as follows: trees > 3 m, bushes 0.5 – 3 m and shrubs < 0.5 m.
There after, species density was obtained by dividing the total
number of woody plants occurring within a sample plot by the plot
size. Plant species abundance data sets for 81 woody plant species
encountered in 41 plots were then used to design data matrices for
the multivariate analyses.
2.3
Soil Sampling, Field Measurements and Laboratory
Analyses
Soil sampling was done by horizons, along the catenae, following
vegetation and soil patterns observed from air photo interpretation
and in the field. Clay content was determined using the hydrometer
method (Gee and Bauder,1986). Bulk density was calculated from
volume of soil cores and oven dry-mass of soil cores. The hanging
water column technique was used to measure water tension (Hall,
1991). Water retention data were obtained by the pressure
membrane extraction method (Klute, 1986). Available water
capacity (AWC) was calculated as the difference in moisture at
0.1 bars (field capacity (FC)) and at 15.0 bars (permanent wilting
point (PWP)). Soil pH was determined using 1:5 0.01 M CaCl2
soil suspension. Cation exchange capacity (CEC) was determined
by saturation of soil with 1 M CH3COONH3 buffered at pH 5.2.
Organic carbon was determined by the modified Walkley and Black
method (Houba et al., 1989) with additional heat applied under
reflux. Although this method has been noted to result in variable
recovery of organic carbon (Nelson and Sommers,1982;
Nyamangara et al., 2001), however, it is frequently used by many
workers in Zimbabwe where soil organic carbon in most soils does
not exceed 1% (Mugwira et al., 1992). Drainage status and erosion
intensity of the soil were estimated qualitatively in the field
according to guidelines and classes (Tables 2 and 3) used by
Ministry of Agriculture, (1981).

Table 3
Practical guidelines for assessing soil erosion in
the field resulting from man made or natural factors or a
combination of the two used by AGRITEX Department extension
officers of the Ministry of Lands Agriculture and Rural Resettlement
in the field
Erosion class symbol
Description
E1
No apparent, slight erosion
E2
Moderate erosion: moderate loss of top soil generally
and /or marked dissection by runoff channels or gullies
E3
Severe erosion: severe loss of top soil generally and/or
marked dissections by runoff channels or gullies
E4
Very severe erosion: complete truncations of soil profile
and exposure of subsoil (B horizon and/or deep intricate
dissections by runoff channels or gullies
Ministry of Agriculture,(1981).
2.4

Preparation of data matrices for canonical
correspondence analysis (CCA)
Sites by species by environmental variables data matrices were
constructed for the CCA with the aid of a computer programme
called CANOCO (ter Braak, 1987). Only ten of the most important
environmental variables measured (Table 4) were selected leaving
the rest to improve the analytical power of the CCA. Of the ten
environmental variables, soil erosion intensity and drainage status
of the soil originally assessed as categorical variables (Tables 2
and 3) were then converted to dummy variables (presence or
absence data) which were compatible with the CANOCO. The
conversion from categorical to dummy values was done for example
by assigning the value of 1 for the presence of erosion (Classes E
2 to E 4) and evidence of good drainage (Classes D 4 to D 7) and
0 for the absence of erosion (Class E 1) and evidence of poor
drainage (Classes D 1 to D 3), at each site along catenae.
The selected environmental variables were then subjected to a
forward selection procedure in the CANOCO computer program.
This procedure enables the selection of significant variables by
performing a testing process that reduces the inflation of
unexplained variation by elimination of redundant variables that

Table 2 Practical guidelines for assessing drainage status in the field.
Drainage class

Drainage status

Description

D1

Very poorly drained.

Wet for a large part of the year. Colours are neutral or pale greys, blues, olives and
greens with little mottling due to almost total reduction or depletion of iron. Organic
matter accumulates at the surface and iron staining may occur in root channels.

D2

Poorly drained

Regularly subject to alternating oxidising and reducing conditions, due usually to a
fluctuating water table. The matrix is pale in colour with low chroma, and contrasts
strongly with frequent, well-developed iron segregation mottles. Root channel staining
may occur.

D3

Moderately poorly drained.

Subject to partial water logging irregularly for periods of short duration, more often
because of poor permeability rather than a fluctuating water table. Iron segregation
mottles are small, occupy a low surface area or do not contrast strongly with the
matrix.

D4

Moderately well drained

Some colour variegation not definable in terms of mottling. Lower subsoil horizons
may be slightly paler than those below.

D5

Well drained.

Most medium to fine soils with no colour changes indicative of wetness.

D6

Very well drained

Soil with permeability class 6 and no colour changes indicative of wetness.

D7

Excessively well drained.

Soil with permeability class 7 and no colour changes indicative of wetness.

Ministry of Agriculture,(1981).
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cause variation by chance (ter Braak, 1987; Anderson and Gribble, 1998). This process uses The Monte Carlo significance test at 95%
confidence level (p = 0.05).
2.4 Canonical Correspondence Analysis (CCA)
Canonical Correspondence Analysis (CCA) (ter Braak, 1986) was used to be able to obtain a combination of explanatory soil variables
maximizing the distribution of vegetation and species composition along catenae.
3.0

Results

3.1
Significance environmental variables
Most of the environmental variables chosen are diverse (Table 4). The majority of the variables show a CV > 25% except for pHA, %
AWCA and % AWCB where CV are 11%, 18% and 19% respectively. Low figures observed for CV’s confirm the small differences in
the surface soil (A horizon) texture and not in the sub soil (B-horizon). The inflation values however are small suggesting that each
variable explains a unique characteristic of the species data except for CECB where the inflation factor (10.45) is rather high. This
indicates that some aspects of this variable are contained in other variables, possibly % clayB and pHB.
Table 4: Weighted means (n = 41), standard deviations and inflation factors for 10 environmental variables used in the CCA ordination.
(For abbreviations used, see Table 5 for explanation)
Environmental variable
%clayB
PHA
PHB
Ca:MgB
CECB
ESPB
AWCA
AWCB
Se
Dr
Table 5:

Mean (weighted)
23.28
5.07
6.06
0.68
9.97
12.16
22.56
20.40
0.57
0.35

Standard deviation
13.41
0.57
1.66
0.38
7.17
14.23
4.08
3.86
0.49
0.48

Coefficient of variation %
58
11
27
57
72
117
18
19
86
137

Inflation factor
4.42
2.92
5.63
1.83
10.45
2.37
1.74
1.35
3.85
3.34

Key to abbreviations used for environmental variables in the CCA ordination analysis.

Abbreviation used
%clayA
%clayB
PHA
PHB
AWCA
AWCB
Ca.MgA
Ca.MgB
CECA
CECB
ESPA
ESPB

Name of environmental variable
Percentage of clay in A horizon
Percentage of clay in the B horizon
Soil pH in the A horizon
Soil pH in the B horizon
Available water capacity in the A horizon
Available water capacity in the B horizon
Calcium to magnesium ratio in the A horizon
Calcium to magnesium ratio in the B horizon
Cation exchange capacity in the A horizon
Cation exchange capacity in the B horizon
Exchangeable sodium percentage in the A horizon
Exchangeable sodium percentage in the B horizon

Se
Dr

Soil erosion intensity
Drainage status of soil

Soil erosion and drainage appear to be the most important variables contributing to the variance of species composition data followed
by soil pH in the sub soil (B horizon). The two variables: soil erosion and drainage respectively independently explain 53% and 52% of
the variance in the species data (Table 6) implying that these are the most important variables influencing vegetation in the study areas.
Table 6: A summary of results from automatic forward selection of environmental variables using the Monte Carlo permutation test
showing the order of importance of each variable as indicated by the percentage variance each explains independently in the ordination
(For abbreviations and symbol used, see Table 5 for explanation).
Environmental Variable symbol

Variance explained (independently)

F-ratio

P-value

Se
Dr
PHB
ESPB
CECB
AWCB
AWCA
% clayB
Ca:MgB
pHA

0.53
0.52
0.39
0.33
0.31
0.29
0.25
0.23
0.17
0.17

3.52
1.60
1.38
1.14
0.99
0.92
0.86
0.85
0.68
0.61

0.01
0.03
0.10
0.25
0.42
0.51
0.52
0.70
0.84
0.95
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The Monte Carlo tests show that the two variables, namely surface
erosion (P = 0.01) and site drainage status (P = 0.035), appear to
be contributing significantly to differences in species composition
data in the ordination. None of the soil chemical variables selected
as explanatory variables (Table 6) appear to have any significant
influence on species composition. Such results from significance
tests in forward selection, however, have often been regarded as
too liberal (ter Braak and Smilauer, 1998). This suggests that if
none out of a large number of variables has a significant effect, the
reported p–value of the best variables in the forward selection may
be well below the conventional 95% confidence level, just because
of the selection. In view of this, therefore, and in consideration
with the environmental gradients and land qualities identified all
the selected soil variables that had not performed well in the Monte
Carlo permutation test were included in the ordination analyses.
3.2
Vegetation variance and species environmental
relations
The results for variance (Table 7) show that axis 1 represents the
strongest environmental gradient with the highest eigenvalue (0.67).
This means that about 10.5 % of the variance in vegetation along
catenae can be explained by the changes along this axis 1.
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and shaded rings represent vegetation sites. A shaded dot inside a
labelled ring shows a species and a site together. The arrows that
run from the origin to labelled arrowheads represent environmental
variables. Each arrow “points in the direction of maximum change
in the value of the associated variable, and the co-ordinates of the
arrow show correlation between the variable and the axes. In the
perpendicular direction the variable does not change in value (ter
Braak, 1987; ter Braak and Verdomschot, 1995). From the
ordination diagram (Figure 1) the major environmental gradients
that can be identified (see Figure 1) are available soil moisture and
drainage, soil fertility and pH, sodicity and erosion. These
environmental gradients example (see Figure 1) can be used to
distinguish between for example well- drained, acidic and infertile
upland sites (on the right hand side of the diagram) from lowland
poorly drained, alkaline and fertile soils (on the left hand side of
the diagram) that are found in the study areas. As a result, distinct
pattern of vegetation sites species and environmental variables are
can be identified (Figure 1). These can easily be separated by eye
into six main clusters related to specific positions along the catena
(Table 8).

Table 7: A summary of the CCA ordination results for the first 4 ordination axes, for 81 woody vegetation species identified from 41
sites in the selected study areas.

Ordination axes
Eigenvalues
Species–environmental correlations
Cumulative % variance of species data
Cumulative % variance of species-environmental relationships
Sum of unconstrained eigenvalues
Sum of canonical eigenvalues
The cumulative figures for percent variance of species data with
respect to axes 2; 3 and 4; are 14.1%; 17.4% and 20.0% respectively
(Table 7). There are high correlations between vegetation species
and environmental variables in the study areas with axis 1, which
represents the strongest environmental gradient showing a
correlation figure of 94 %.
3.3
Environmental gradients and vegetation indicators
The ordination of vegetation sites, species and environmental
variables from the study areas is displayed in Figure 1. The labelled
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1
0.67
0.94
10.50
35.90

2
0.24
0.77
14.10
48.6

3
0.21
0.74
17.40
59.7

4

Total Variance
0.16
0.73
20.00
68.6

8.38
–
–
–
6.38
1.86

Brachystegia spiciformis (11) together with Monotes engleri (50)
(Figure 1) in combination with many other dystrophic species were
most abundant on leached upland sandy soils which are acidic,
infertile and well drained Siallitic (4G) soils, on sites such as CH4,
CH6, (Makoholi) MA4, (Maruta) MR4 and MU6 (Mushandike)
(see Table 1). The position of Colophospermum mopane (17) in
the ordination (Figure 1) shows that the distribution of the species
is largely confined to those areas found in the lower and poorly
drained parts of dry sites on Fersiallitic (5G) soils. Highest
abundance was observed in MU2 and MU3 (Mushandike) where
erosion hazard risk was highest.
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Figure 1. CCA Ordination diagram showing 81 woody species
points represented by small shaded dots, 41 vegetation sites
represented by labelled and unshaded rings and environmental
variables shown by labelled arrows. Only points for the most
dominant species have been labelled (with numbers) to avoid
congestion. Notes: (1) A shaded dot inside a ring shows a species
and a site together. Six clusters (Table 8) of vegetation sites are
shown and labelled in the diagram. For abbreviations of
environmental variables used see Table 5 for explanation. Reference
to names of sites and catenae is provided in Table 1. (2) Major
environmental gradients identified are available soil moisture and
drainage, soil fertility and pH, sodicity and erosion as shown by
well- drained, acidic and infertile upland sites (on the right hand
side of the diagram) and lowland, poorly drained, alkaline/sodic
and fertile soils (on the left hand side of the diagram)

average for erosion compared to ESPB, pHB, CECB and other
soil characteristics used in the CCA. C. mopane therefore occurs
in sites with highly eroded soils than any other species displayed
close to it such as Combretum adenogonium (18), Dodonea viscosa
(30), Carissa bispinosa (15) and Piliostigma thonningii(34).
Similarly, Acacia nilotica (01), a species that has been reported to
occur in a wide range of habitats, in nutrient-rich sites as a small
shrub in mopane woodland (Timberlake et al., 1999), appears to
be the only species with the highest weighted average for the four
main sub soil (B horizon) chemical and physical characteristics
namely ESPB, pHB, CECB and % clayB than any other displayed
variables within the poorly drained compact soils at the bottom of
catenae. Hence A. nilotica (01) was encountered on sodic soils
with heavy sub-soils (42% clay) associated with ‘shrink-swell’
behaviour, high ESP (25.30); high CEC (15.40 c mol c/kg) and

Table 8: A summary description of vegetation clusters delineated by eye from the CCA ordination diagram (Figure 1) of species data
from all study areas constrained by ten environmental variables shown in Table 4.
Cluster Number

Dominant
vegetation
physiognomic type
Open Bush
Savanna (BS)

Important land
qualities and
site characteristics
Dry lowlands,
gently sloping,
poorly drained
compact soils, heavily
eroded

Soil type
Fersiallitic (5G)
and Sodic
(8NG) soils

Dominant species mnemonics
C. mopane A. nilotica

II

Open Grasslands
(GS) and Bush
Savanna (BS)

Gently slopping low
lands and vleis,
moderately eroded,
water logged sites.

Fersiallitic (5G)
with localized
patches of sodic
(8NG) soils

T. sericea C. adenogonium
S. guinense C. mopane

III

Open Tree Bush
Savanna (TBS)

Gently undulating dry
Siallitic (4G) soils
middle and upland slopes,
well drained and slight
erosion

B. spiciformis

IV

Dense Tree Bush
Savanna (TBS)

Gently undulating dry,
well drained upland sites,
slight erosion

Fersiallitic (5G)
and Siallitic soils
(4G)

B. spiciformis
J. globiflora M. engleri

V

Open to fairly dense
Tree Bush Savanna
(TBS)

Almost flat, to gently
sloping, dry, well drained
upland crests and
interfluves

Siallitic (4G)
soils

B. spiciformis

VI

Open, mixed Tree
Bush Savanna (TBS),
Bush Savanna (BS)
and Grassland vleis
(GS)

Gently undulating middle
slopes with fluctuating
water table

Fersiallitic (5G)
T. sericeaP. curatellifolia
soils hydrormophic C. molleE. divinorum

I

Unlike other species, Syzigium guineense sub species huilense (71)
is the only species whose distribution as expected was limited to
waterlogged sites with Fersiallitic (5G) soils that exhibit a marked
degree of hydromorphy for example at AG2 (Agyle) and MA1
(Maruta) (see Table 1).
It can be seen from Figure 1 that soil erosion intensity and drainage
status represent the strongest environmental gradients and appear
to be most influential variables responsible for significant changes
in species composition and abundance in the study areas (because
of the length of their arrows compared with the others). To avoid
congestion of species points that makes interpretation difficult, a
limited number of species including five most abundant ones have
been selected for the purposes of interpretation.
By projecting the species points on the arrow (see ter Braak, 1987b
and ter Braak and Verdonschot, 1995) for erosion as shown in
Figure 1, Colophospermum mopane (17) has the highest weighted

inverted Ca/Mg ratio (0.27). Presumably, it is the structure and
strength of the root system similar to that observed in C. mopane
(17), which allows Acacia nilotica (01) to survive on these cracking
soils where most woody species would suffer from repeated root
shearing throughout the year and die (Timberlake et al., 1999).
In well-drained sites of the uplands parts of the catena with Siallitic
(4G) soils, Brachystegia spiciformis (11) occurs at a high weighted
average for drainage status of the soil, in a mixture with a variety
of other species such as Strychnos cocculoides (66), Ximenia
americana (75) and Ozoroa reticulata (53). When ranked with these
species within the uplands (Figure 3), B. spiciformis (11) appears
to occur at better-drained sites than Julbernardia globiflora (41),
Azanza garckeana (31), Burkea africana (13) and Grewia
flavescens (39). There are however other species that appear to
occur in better-drained areas than B. spiciformis (11) and these
include, (07), X. americana (75), and S. cocculoides (66) (Figure
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1). This seems to suggest that among these, one could indicate
good drainage in Siallitic (4G) with B. spiciformis (11), a species
that was found to be most dominant in these soils.
Parinari curatellifolia (55) and Acacia nilotica (01) are two species
that appeared to occur at higher Ca/MgB ratios and higher pHA
values respectively both on Fersiallitic (5G) soils with a fluctuating
water table. This suggests that the two species are possibly favoured
by slightly alkaline and poorly drained conditions. Monotes engleri
(50), Diospyros mespiliformis (28) and Sclerocarya birrea (64)
tend to occur at higher %AWCB than other species such as
Brachystegia boehmii (10), Combretum molle (22), Pterocarpus
angolensis (59), Senna singueana (16) and Pterocarpus
rotundifolius (60) These species were observed to frequently occur
in transitional sites with fluctuating water tables as revealed by the
mottled soil profiles at shallow depth between the upland and
lowland sites.
4.0
Discussion
Environmental gradients from the CCA ordination have revealed
clear differences in vegetation species composition and their
distribution particularly in upland and both dry and wet lowland
areas. It appears that soil texture and sodicity together with their
effects on the availability of soil moisture, drainage, pH and
availability of nutrients are mainly responsible for the changes in
the distribution of vegetation patterns that have been identified in
the study areas.
There is a very large residual variance of about 4.5 (Table 7) as
shown by difference between the sum of all unconstrained and
canonical eigenvalues. This implies that the dispersion of species
scores in the ordination could not be adequately explained by the
measured environmental variables used in the study. It could be
partly due to the fact that the study areas are located within the
same natural region (Vincent and Thomas, 1960) and granite
geology. In these areas, small variations in soil characteristics
especially texture can be expected. This is due the nature of the
granite parent material from which the soils are derived (Purves,
1976). But from a closer inspection of environmental gradients it
appears that the differences in soil texture between sites though
not significant especially in the sub soils seem to be exerting rather
large and observable influence on vegetation and species
composition. This influence is indirect along catenae through
drainage and erosion: the only two environmental factors that, in
this study were found to be the most significant vegetation control
variables (Table 6).
Recent studies in Zimbabwe on vegetation environmental relations
in a catchment with a wetland (dambo) on granite by Mapaure and
McCarthy (2001) showed that the depth to the water table was the
major environmental determinant controlling the species
composition within the catchment. It was concluded that both
available moisture and the extent to water logging were the most
overriding factors in distinguishing florist composition between
wetlands and dry uplands. In this study, from the Monte Carlo
permutation tests (Table 6) did not show any significant difference
in the species composition in relation to available soil moisture. It
showed significant difference in species data in relation to the
drainage status of the soil.
Possibly, the absence of significant differences in the vegetation
and species composition along the catenae in relation to soil
moisture could be explained by the close similarity of available
moisture figures from the study areas given that soil particle size
distribution for most sites was similar especially in the surface soil
(A horizon). Alternatively, and probably more importantly is that
this could have a bearing on the fact that the influence of soil
moisture on vegetation and species composition similar to that of
temperature and altitude, tends to operate at a broader scale unlike
soil characteristics (Alejandro, 1994). This is similar to the
argument presented by Scholes (1990) that, moisture availability
and fertility gradients are correlated to a large degree at a continental
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scale: areas of high rainfall have leached, infertile soils; while areas
of low rainfall tend to have relatively fertile soils. Although at a
small scale water availability is a more important determinant than
nutrient availability, for differentiating between the savannas at a
more detailed scale, however, in it is more useful to distinguish
between fertile and infertile areas rather than between wet and dry
areas as an initial step. This is because changes in vegetation
physiognomy and species composition caused by soil fertility are
more discrete and more fundamental than changes caused by water
availability (Scholes and Walker 1993). Given that all the study
areas were located within the same granite geology, with sandy
soils of similar surface texture with low soil moisture retention
capacity, it is therefore more relevant to distinguish between
vegetation community structure and composition according to soil
fertility, sodicity, drainage and erosion, the most important factors
that characterise the main environmental gradients identified in
this study (Figure 1).
Studies in vegetation patterns on granite in Zimbabwe such as those
by Rogers (1992); and Timberlake et al. (1993), confirm that there
are higher diversity and densities of vegetation species in the upland
sandy soils that are acidic and infertile but better drained than in
the alkaline more fertile, base-rich clayey lowland soils. This is
attributed to better soil drainage and more efficient root systems
of species found in the uplands that are capable of obtaining water
and nutrients from deeper layers of the soil profile than the species
found at lower altitude. It would appear that the pH and soil fertility
contrast between uplands and lowlands is a microcosm of a pattern
that is very common in most parts of the granite country in semiarid areas of Zimbabwe (Anderson et al., 1993). Because of this
contrast, it has been observed in communal lands in Zimbabwe
that farmers have generally adapted this contrast by promoting more
rain–fed arable farming in summer in uplands and small scale
informal irrigation of high valued vegetable crops in the more fertile
vleis or dambos. The infertile sandy areas at the top of the catenae
have been left out mainly for summer grazing (Owen et al., 1995).
Some of vegetation species observed in this study such as B.
spiciformis, C. mopane, A. nilotica, D. condylocarpon and many
others that are reported to have some indicator value for certain
soil characteristics (Bennett, 1985) do not appear to indicate single
and specific soil characteristics in the study areas. Instead, they
appear to be associated with a combination of soil characteristics
and land management problems such as poor drainage and sodicity.
This makes the vegetation species poor indicators for single soil
characteristics.
Research on the issue of indicator value of vegetation species in
is lacking. Previous work done in Zimbabwe by Timberlake et al.
(1993), Timberlake (1995) seems to suggest that, the indicator value
of species and what they indicate is site specific and therefore
cannot be extrapolated to other areas without taking consideration
of confounding differences for example in soil depth, soil texture
and incident rainfall.
5.0
Conclusion
The following conclusions were made:
1. In semi arid areas on granite, the total variance in vegetation
and species composition along catenae cannot be explained by
single environmental or soil factors but by a combination of factors.
For example, soil drainage status in combination with availability
of nutrients in the soil and erosion intensity of the soil are key
factors for identifying major environmental gradients that influence
vegetation community structure and composition along catenae on
granite in arid areas.
2. Both vegetation physiognomic structure and species composition
can be used as a land quality indicator and not as an indicator of
specific soil types and/or characteristics.
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THE FLOAT TRAY SYSTEM AS AN ALTERNATIVE TO THE USE
OF METHYL BROMIDE IN SEEDLING PRODUCTION
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Abstract
A hydroponic technique for seedling production was adapted and adopted
for the production of seedlings by the Tobacco Research Board. The
technique is neither truly aqua nor aggregate culture, since it employs
both techniques. It utilises non-soil media and polystyrene trays, which
are floated in water. Its major advantage is that it eliminates the need to
use methyl bromide. Methyl bromide is a known ozone depleting
substance and is due to be phased out in Zimbabwe by the year 2010.
The use of the technique described in this paper further implies further
advantages namely: reduction of chemical use at seedling production;
efficient use of land, water and fertilizers; and less release of fertilizers
and chemicals into the environment in general and ground water in
particular. In addition, at the field production level the advantages
translate to easy management and reduced production costs.

1.0
Introduction
The conventional technique of seedling production uses fumigants
such as methyl bromide to sterilize the seedbed site. This season
(2004/05) alone an estimated 222 tones of methyl bromide was
used, down from 500.7 tones in 2000. This implies a significant
environmental problem since methyl bromide has been proven
conclusively to be an ozone depleting substance (Miller, 1999).
Ozone (03) occurs naturally in the earth’s atmosphere, increasing
in concentration with altitude to form a band at about 25-30 km
above the earth’s surface and thus culminating into the band widely
termed the ozone layer (Clarke, 1998). The ozone layer shields
the earth’s surface from harmful rays (from the sun) in the 280 to
315 nanometer range. The rays, known as UV-B, are harmful to all
forms of life. UV-B is extremely dangerous and causes cancer,
damage to eyes and suppresses the immune system in both humans
and other animals. Many plant species are not spared either. UV-B
has been reported to disrupt terrestrial and marine ecosystems
(Clarke, 1998).
Over 175 countries have ratified the Motereal Protocol, which aims
to protect the ozone layer by reducing or eliminating the
consumption of ozone depleting substances (ODS). The protocol
proposes to phase out methyl bromide by 2005 in industrialized
nations and 2015 in developing nations (Miller, 2001). Zimbabwe
has voluntarily agreed to eliminate methyl bromide usage except
for critical use by 2010. This paper describes the floating tray
system in detail.
2.0

Fig. 1 A242 cell floating tray
Table 1. The seedling densities achieved by each tray type used
in the floating tray system
Tray Type (Number of cells)
200
242
300

These tray sizes have a significant implication on the seedbed size
and number of trays required per hectare of plants in the field (Table
2).
Table 2. Effect of tray size on seedbed size and number of trays
required per hectare in the field
Tray type

Number of trays
required per hectare

200
242
300
Conventional

84
69
56
-

Materials and Methods

2.1
The Floating Tray System
This hydroponic culture technique, also called soil-less technique
utilizes polystyrene trays and non-soil growing media. The
technique requires the following materials discussed in detail below.
a) Polystyrene trays
The floating trays are made out of polystyrene, a type of plastic.
The trays are 98 % air and 2 % polystyrene and usually come in
definite sizes (Fig 1). In Zimbabwe the 200, 242, and 300-cell
trays are recommended for use in seedling production (Mazarura,
2002). These trays are virtually the same in terms of dimensions
such as length (670 mm), width (345 mm) and depth (60 mm) and
when used for seedling production they achieve the seedling
densities shown in Table 1. In tobacco under the conventional
seedling production system the equivalent density of seedlings
achieved is 450 - 500 seedlings per square metre.

Seedling density (seedlings/m2)
865
1046
1297

Area (m2 ) of
floatbed required
to produce
15 000 seedlings
assuming 90%
efficiency
19.4
15.5
12.9
120

b) Growing medium
Extensive work has been done in Zimbabwe at the Tobacco
Research Board to select the ideal growing media for the technique.
Composted pine bark is the media currently available for use with
the floating trays. Although the pine bark can be used alone, it is
mixed with washed river sand to reduce costs. Table 3 illustrates
the proportions of pine bark, water and sand required as well as
the total amounts of media needed for each tray type. Each of the
cells in a 200 or 242 cell tray holds 25 cm3 of media while each of
the cells in a 300 cell tray holds 15 cm3.
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Table 3. The growing media requirements for the floating tray system
Tray type
200
242
300

Proportion of:
Pine bark
1
3
1

Sand
1
1
1

Water
0.5
0.5
0.5

c) Bricks and plastic
The trays described above are floated in a pond, which can be
built of bricks, timber or any other convenient material. The pond
is built on a suitable area chosen to be exposed to the sun’s light
and warmth for as long as possible per day. The area is levelled
using a spirit level and each pond can be of any length or any
width. However to facilitate access the bed should be of such a
width as to accommodate 3 to 4 trays only. The length can be of
any magnitude but it is advised that it be made long enough to
facilitate levelling. The bricks can be laid loose in two courses
(Fig. 2). Alternatively a concrete bed can be constructed and if this
is done properly to prevent leakage the need for plastic is
eliminated. Plastic, preferably black because it is cheaper than clear
plastic, is laid out as shown in Fig. 3, to prevent water leakage.
Once trays have been filled with media, they can be floated in the
pond.

Fig. 2 Beds being constructed from loose bricks

Amount (litres) required per tray of:
Pine bark
Sand
2.5
2.5
4.5
1.5
2.5
2.5
3.0

Total media
5.0
6.0
5.0

Important Operations in the Floating Tray System

(a) Tray filling and sowing
Once the trays have been filled using the proportions of constituents
illustrated in table 4, they are dibbled and sown. A dibble board is
used for this purpose (Fig. 4). The board has nipples that are less
than 10 mm long and about 5 mm wide.

fig 4. A dibble board for 200 cell floating trays
The tray filling process is an art especially when pine bark is mixed
with sand. When pine bark is used the process is simple and the
chances of overfilling are remote. With a 1: 1 pine bark and sand
mixture the trays have to be filled by hand, lifted to no more than
20 cm and left to fall onto a flat surface (e.g. a table top or a concrete
slab). This process is done twice and then the tray is toped up with
media. Over compacted trays will lead to low germination and
aerial rooting. An under filled tray will depict fall outs (cells that
have lost their media) and dry cells. If 50 % of cells in a tray have
fallen out then a new tray must replace the tray. Dry cells should
be remedied by increasing the proportion of water in the original
media mix and also by using a fine rose to water the trays from
above.
Seed is pelleted in order to be sown successfully either by hand or
with a semi-automated sowing machine (Fig 5). The pelleting is
done at the Tobacco Research Board (Harare, Zimbabwe).

Fig 3. Black plastic floatment on a flat bed
fig 5. A semi-automated sowing machine
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(b) Fertilization
Once the pond has been filled with water to a depth of
about 10 mm and floated the next stage is fertilization.
Seedlings grown under cool conditions (high veld
conditions in June to early July) receive all their basal
requirements within 10 days of floating or at floating.
This aims to produce a fertilizer solution containing 150 mg of
nitrogen per litre of float bed water. For seedlings grown under
warm conditions this amount is split into applications at 7, 21 and
35 days after sowing applying 25, 50 and 75 mg of nitrogen per
litre of float bed water respectively. The basal fertilizer used is a
20:10:20 (N:P:K + micronutrients). This formulation is available
locally.
For both sowings, a top dressing of AN, LN, LANO3 or KNO3 is
required at 42 days after sowing. This is meant to achieve 100 mg
of Nitrogen per litre of float bed water. The amount to be applied
in both cases is dissolved in water and poured into selected points
in the bed to achieve rapid mixing with the float bed water
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variety of horticultural crops such as tomatoes, onions, paprika,
cabbage, rape, radish and others.
The chief attraction of this technique is the elimination of methyl
bromide usage in seedling production. However numerous other
advantages are inherent in the technique. In brief, the distinct
advantages of the floating tray system that one should always be
aware of include: the elimination of watering headaches; the less
stringent constraints on the actual location of the nursery; the
reduction of the area to be managed [about 23 m2 (floats) vs. 108
m2 (conventional system)] for the same number of seedlings; the
more or less disease free environment that the technique initially
affords the grower; the savings in water, chemical and fertilizer (a
¼ of chemicals and fertilizers are used in the floating tray system
as compared to the conventional system to produce the same
number of seedlings); and the environmentally friendly nature of
this technology. In addition it is also the safest and user-friendliest
of all the replacements for methyl bromide. It introduces few new
chemicals to the seedling culture, it reduces chemical use for disease
and insect control, and potentially the trays are recyclable.
References

4.0
Clipping, Growth and Other Aspects of Seedling
Culture
Once the tobacco seedlings have reached about 5 to 6 cm in length
clipping commences. This is done lightly at first but can be done
more aggressively if the seedlings threaten to overgrow. From about
42 days after sowing the seedlings exhibit accelerated growth and
clipping is required to control this growth and improve uniformity.
These seedlings will be ready to be transplanted in about 11 weeks.
Hardening is achieved automatically as the plants utilize all the
nutrients in the float bed water.
The usual preventative chemical treatments for protection against
disease and insect are required.
5.0
Discussion and Conclusions
The float seedling production technique is a robust technology that
has been shown to work very well with tobacco seedlings.
Preliminary observations indicate that it works successfully with a
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Abstract
Breeding for drought tolerance and insect resistance in maize (Zea mays
L) is a complex process. To introduce these desirable agronomic
characteristics, into elite maize lines tw o strategies incorporating

molecular markers were used, namely Single Large Scale Marker
Assisted Selection (SLS-MAS) and Back Cross Marker Assisted
Selection (BC-MAS). Drought negatively impacts on yield
especially if it occurs during the flowering stages of plant
development. Drought tolerance is a multigenic trait making it
difficult to breed for. Grain yield of maize is a function of several
traits and some of the measurable traits collected as the phenotypic
data include: days to silking (DAS), days to tasseling (DAT), ears
per plant (EPP); grain weight (GWT), and for the purpose of this
work, these traits were evaluated under three watering regimes
namely: well-watered (WW), intermediate stress (IS) and severe
stress (SS) levels. The SLS-MAS for drought tolerance was carried
out on the segregating F3 population from a cross between two
good lines, H16 from the International Maize and Wheat
Improvement Center (CIMMYT) and locally adapted K64R. The
BC-MAS was used to introgress resistance against the insect pest,
Chilo partelus (Swinhoe), prevalent in Zimbabwe, from CML123,
a line from CIMMYT, into K64R. For the evaluation of Chilo
partelus resistance and collection of the phenotypic data, two trials
were carried out, designed as “early” and “late” artificial insect
infestations, to simulate different natural infestation environments
and stress levels. The genotypic data for drought tolerance were
obtained from restriction fragment length polymorphisms (RFLP)
markers, whereas the genotypic data for insect resistance were
obtained from RFLPs and Simple Sequence Repeats (SSR) markers
on the F3 and F2 mapping populations, respectively. Subsequently
a linkage map for each trait was constructed using the computer
programme “MAPMAKER”. The software “MAPMAKER/QTL”
was used to establish the correlation between the phenotypic and
the genotypic data as well as the identification and location of
Quantitative Trait Loci (QTLs) for each trait.
A total of six
QTLs were identified for drought tolerance, two major and four
minor QTLs, one on chromosome 1 and 2 and two on each of
chromosome 3 and 7. Five QTLs were identified for insect
resistance, two on chromosome 1 and one on each of chromosome
3, 5 and 9. The PCR-screening of subsequent drought tolerant and
insect resistant inbred lines was performed using SSR markers.
For SLS-MAS, one SSR marker linked to the QTL controlling a
trait was used, and for BC-MAS, two SSR markers linked to and
flanking the QTL controlling a trait were used. To enhance product
adoption and acceptance, farmer’s participation was integrated at
various stages of the research in the target areas of Birchenough,
Buhera and Hwedza. The primary goal of the maize improvement
programme was to achieve increased and sustainable maize
production to benefit the target group, the small-scale and rural
farmers.
1.0

224

Introduction

1.1
Survey on Crop Production in Zimbabwe
A survey that preceded the scientific research phase identified the
major constraints to agricultural crop production in Zimbabwe and

other semi-arid regions. The survey findings noted how factors
such as drought, poor soil fertility and pest damage were adversely
contributing to local crop production. The survey also noted that
communal farmers constituted the most affected group. The
communal area suffer from poor soil fertility and unpredictable
rainfall patterns, coupled with limited access to effective pest
control technologies. The accumulating losses to the farming
community as a result of drought and insect damage to crops were
a threat to food security. The desire and the initiative to improve
crop performance to benefit small scale farmers was a major
motivating factor in the design of the collaborative maize research
programme being implemented by the Scientific and Industrial
Research and Development Centre (SIRDC) in Zimbabwe and The
Directorate General International Special Programme, the
Netherlands (DGIS) with their partners.
1.2
Zimbabwe/DGIS Cooperation Initiative
The biotechnology strategy in Zimbabwe was to improve maize
hybrids. The operational arrangements were that CIMMYT would
provide the technology for Marker Assisted Selection (MAS) and
would train scientists and technicians from both Zimbabwe and
Kenya. In these projects, the goal was to use molecular marker
assisted selection to hasten breeding for drought tolerant and insect
resistant hybrids. Maize is a priority crop for both countries.
With the aid of molecular marker technology, specific
deoxyribonucleic acid (DNA) segments that have been identified
previously by CIMMYT to confer drought tolerance or insect
resistance were introduced into maize inbreds through conventional
breeding. This was expected to convert the inbreds into improved
lines which will be evaluated in hybrid combinations in field trials.
The assays will be evaluating the improved inbreds for drought
performance or insect resistance and their agronomic performance.
The successfully transformed lines will be selected for application
in hybrid production for distribution to small scale farmers. The
bottom-up priority identification procedure used by DGIS helped
to ensure demand-driven research.
1.3
Research Objectives
The Zimbabwe/DGIS maize project was initiated in 1997. Its main
objective is to achieve an increased and sustainable maize
production through the use of drought tolerant and insect resistant
maize lines, developed by Marker Assisted Selection (MAS)
breeding. In addition, specific objectives of the maize project were
to provide:
The capacity building for MAS in the country. A biotechnological
approach, such as marker assisted breeding, is to be used in
Zimbabwe for the improvement of maize germplasm.
The transfer of MAS technology to scientists. This involves the
transfer of technology (MAS) from the International Maize and
Wheat Improvement Centre (CIMMYT) of Mexico to Zimbabwe
and Kenya as a major feature of this project.
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The adoption of the product through on-farm trials. For example,
a farmer-participatory research approach is a priority.
The development of the infrastructure, such as the furnishing of
the laboratory with the essential equipment to perform MAS.
The establishment of collaborative links, i.e. between CIMMYTMexico, CIMMYT-Harare and SIRDC.
1.4
Marker Assisted Selection (MAS) Technology
In the biotechnology approach for genetic improvement of maize,
genome maps were first developed through methodologies that
relied on restriction fragment length polymorphism (RFLPs)
(Tanksley, 1993; Tanksley et al. 1989). Later, the RFLPs were
converted into the Polymerase Chain Reaction (PCR) -based
markers, with simple sequence repeats (SSR) as primers and used
as SSR-PCR to allow for MAS of maize plants. However, genome
maps, also known as linkage maps, incorporated both molecular
markers and known phenotypic markers for the analysis of gene
clusters also known as quantitative trait loci (QTLs). Thus, in the
maize project, separate QTLs were determined for traits such as
drought tolerance (Ribaut et al., 1997) and insect resistance
(Hoisington et al., 1996). Molecular markers are more useful and
reliable than phenotypic markers in that they are inherited characters
and are not influenced by the environment. They establish close
linkages with genes known to be important in determining
agronomic traits of interest. For example, QTLs that influence
measurable agronomic traits can be tagged by linkage to one or
two flanking markers. The advantage of using MAS is to increase
the screening efficiency in breeding programmes. The MAS is
therefore a breeding tool that has been established for the selection
of a genotype carrying desirable genes via linked molecular
markers. It also allows for the selection of desirable individuals
from a large segregating population and this saves breeding time
and effort.
1.5

Development of Drought Tolerance in Maize inbred
lines
Drought stress has an effect on maize especially when it is at the
flowering stage, and this is associated with yield loss. The maize
plant’s response to water stress depends on its metabolic activity,
morphology and its stage of developmental growth. When drought
stress occurs just before and during the flowering period, a delay
in silking (female flowering) is observed and is accompanied by
an increase in the duration of the anthesis- (male flowering) silking
interval (ASI) (Bolaños and Edmeades, 1993; Ribaut et al., 1996).
This asynchrony between male and female flowering, which has
been associated with a grain-yield decrease under drought stress is
easy to measure in the field and present a high heritability under
water stress conditions. Thus different water regimes, such as wellwatered conditions (WW), intermediate stress (IS) and severe stress
conditions (SS), have been applied in the field (Ribaut et al., 1996)
and analysed in several countries (Kenya, Mexico and Zimbabwe)
(Ribaut et al., 2002). Measurable yield components include those
for days to tasselling (DAT), days to silking (DAS), anthesis-silking
interval (ASI), grain weight (GRWT) and ears per plant (EPP).
Yield reduction can result from reduced seed size, premature
senescence, stalk rot, and lodging of susceptible cultivars.
Experiments performed on drought tolerance under water-limited
conditions, show a correlation with yield and a high level of
inheritance of secondary traits. Such populations have been
developed and quantitative trait loci (QTLs) relating to the
expression of the target trait have been identified in all major crops
including that of maize (Ribaut and Poland, 2000).
1.6
Development of Insect Resistance in Maize inbred lines
The spotted sorghum stalk borer Chilo partellus (Swinhoe)
continues to be a major cause of yield reduction in the already
poor production environment of the small scale farmers in
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Zimbabwe. Chemical control is unavailable to most farmers in
this sector and biological control is not developed for this pest.
Development of germplasm that can tolerate or resist the stalk borer
would contribute to increased yields and improve food security.
At national level, use of germplasm tolerant to insect pests would
reduce the volume of insecticides applied to the maize crop and
lead to safer and cleaner production.
The development of insect pest resistance necessitates large scale
rearing facilities and repeated artificial insect infestations at each
cycle of selection (Smith et al., 1989). Traits measured were
damaged internodes and ears, and the grain yield in response to
the African maize stalk borers, Busseola fusca (Fuller) (Van
Rensburg, 1996) and the spotted sorghum stalk borer, Chilo partelus
(Swinhoe) (Van Rensburg and Van den Berg, 1995). Maize inbred
lines with antibiosis resistance of a level approaching immunity
have been identified for Busseola fusca (Fuller) and Chilo partelus
(Swinhoe) (Van Rensburg and Van den Berg, 1995).
This study aims at transferring Chilo partelus insect resistance from
a resistant maize line CML123 developed at CIMMYT-Mexico to
a susceptible maize line K64R that is adapted to the Zimbabwean
production environment and has good grain quality.
2.0

Materials and Methods

2.1
An Overview of the Laboratory Work
Biotechnological approaches were used in the maize improvement
programme involving Zimbabwe and Kenya. The initial laboratory
work was performed in the Applied Molecular Genetics (AMG)
laboratory at CIMMYT-Mexico. Thus, MAS for drought tolerance
was performed in the AMG laboratory, whereas BC-MAS for insect
resistance were performed in the Molecular Biology Laboratory
of the Biotechnology Research Institute (BRI) at SIRDC,
Zimbabwe. Collaboration with CIMMYT-Mexico and CIMMYTHarare was maintained throughout the project. In summary, the
development of drought tolerant and insect resistant maize inbred
lines, using MAS involved several stages in the laboratory work
as indicated below:
Germplasm evaluation through parental screening of different
crosses.
Genotypic data collection of the drought tolerance and the insect
resistance crosses to construct linkages maps and to identify those
genes clusters for the desired trait, known as quantitative trait loci
(QTL) regions for drought tolerance and insect resistance in maize.
The genotypic data of the crosses for drought tolerance was
obtained from Restriction Fragment Length Polymorphisms (RFLP)
analysis in the cross between H16 and K64R. The genotypic data
for insect resistance was collected from RFLPs and Simple
Sequence Repeats (SSRs) analysis in the cross betweem CML123
and K64R.
Phenotypic data collection of the crosses for drought tolerance
and insect resistance. The phenotypic data for drought tolerance
was collected when the maize plants were under three different
water regimes, namely: under well watered (WW) condition; under
intermediate stress (IS) and under severe stress (SS) conditions.
The phenotypic data for insect resistance was obtained from
artificial insect infestation under two different environments
covering high and low temperatures with low and high humidity,
respectively.
Statistical analyses of the genotypic and phenotypic data of both
the drought tolerance and the insect resistance trait provided:
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Identification and location of QTLs for drought tolerance and insect
resistance crosses. QTL mapping of polymorphic loci was
established using “MAPMAKER” software. QTL location for
each trait was estimated by using “MAPMAKER/QTL” software.
Two selection strategies in the development of inbred lines were
used: single large scale MAS (SLS-MAS) and backcross MAS
(BC-MAS). Through SLS-MAS, the process of breeding for
drought tolerance exploited recombination at an early stage by
“pyramiding” the desirable characteristics from two elite lines,
K64R and H16. On the other hand, BC-MAS was used to introgress
resistance against Chilo partelus from CML123 into K64R.
QTL identification in the laboratory was performed using Simple
Sequence Repeat Polymerase Chain Reaction (SSR-PCR) analysis.
Using MAS for drought tolerance, one SSR marker flanking the
QTL controlling a trait was used in an SSR-PCR analysis. Using
BC-MAS for insect resistance, two SSR markers linked to one
QTL controlling the trait, was used in an SSR-PCR analysis.
2.2

Project Phases

Implementation of project activities has been carried out in three
phases.
Phase I
Capacity building of MAS through the training
of scientists in Biotechnology at CIMMYTMexico
Phase II
Selection and analysis of germplasm at
CIMMYT-Mexico
Phase III
Development of inbred lines in Zimbabwe
2.3
Germplasm Procurement
Development of drought tolerance - The germplasm proposed for
maize improvement included those from Zimbabwe (SeedCo.
AREX and CIMMYT Harare) and those from CIMMYT Mexico.
Eight lines were selected from materials proposed by SeedCo.
Zimbabwe and 47 lines were selected from CIMMYT Mexico.
CIMMYT provided pedigree information and agronomic data on
this material (data not shown).
Development of insect resistance - The maize lines CML123 (an
insect resistant parent) from CIMMYT Mexico, and K64R (a
susceptible parent) from Zimbabwe, were crossed at Tlaltizapan,
Mexico, to produce the F1 generation that was further advanced
to F2 by self pollination. CML123 was used as the female parent
after taking in consideration its adaptation to conditions in Mexico.
K64R was not well adapted to conditions at the experimental site.
To obtain the number of F2 plants required for mapping, 300 seeds
from two F2 ears were planted to generate tissue for DNA analysis
and to develop seed for field evaluation.
2.4
Genotypic Data
Development of drought tolerance - The genotypic data include
the parental screening and the linkage mapping data of genomic
regions controlling traits such as drought tolerance or insect
resistance.
2.5
Parental Screening
Development of drought tolerance - A parental screening
experiment was conducted to identify which RFLP markers would
detect polymorphism in the cross between the line H16 (the donor
line) and K64R (the recipient line). Alltogether, 85 RFLP probes
were hybridized to genomic DNA of the two lines digested with
two restriction enzymes, EcoRI and HindIII. The phase of screening
for RFLP marker polymorphism produced 68 polymorphic markers
out of the total 85 RFLP probes screened, giving an 84%
polymorphism in the lines being used in the drought mapping
population. Generally more polymorphisms were observed with
the enzyme HindIII than with EcoRI when the former was used to
generate the restriction fragments.
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Development of insect resistance - Parental screening was
performed using RFLP markers, to identify polymorphism in the
populations to be mapped. In the donor line CML123, and the
recipient line K64R for insect resistance, 68 polymorphic markers
out of the total 85 screened were obtained. More parental screening
involving both RFLPs and SSRs were conducted to increase the
number of polymorphic probes to 160 probes.
2.6
Linkage Mapping
Development of drought tolerance - Mapping of polygenes was
performed using RFLP markers (Tanksley, 1993; Tanksley et al.
1989) Genomic DNA was isolated from the two parental lines
H16 and K64R but also from 190 F3 plants. The DNA samples
were quantified and digested with one of two restriction enzymes
(EcoRI and HindIII), separated on agarose gels (0.7%) and
transferred to nylon membranes (MSI Magnagraph, Fisher
Scientific) by Southern blotting. Labeled DNA probes
(digoxigenin-dUTP) were used to detect polymorphism with
Antidigoxigenin-alkaline
phosphatase
–AMPPD,
chemiluminescent reaction). Details of these protocols are given
in Hoisington et al. (1998). About 250 DNA probes from the
University of Missouri Colombia (UMC) and the Brookhaven
National Laboratory (BNL) were used to screen the parental lines.
The best polymorphic probes, 130 for drought tolerance were
chosen to construct the linkage maps. In the F3 population
segregation ratios at each marker locus were tested by a chi-square
goodness of fit test for the expected Mendelian segregation ratio,
1:2:1 for co-dominant loci and 3:1 for dominant ones.
Hybridisation blots were read and genetic data captured and verified
by two readers using HyperMapData, a software programme
developed at CIMMYT.
Development of insect resistance - Following the establishment
of the correct F2 mapping population for insect resistance, leaf
tissue was harvested from F 2 plants from the cross between
CML123 x K64R. The leaf tissue was processed and DNA
extracted from the 209 individuals that were able to set F3 seed in
the field. This is because the QTL mapping strategy being employed
will evaluate insect response on the F3 families that will be
correlated with the molecular data obtained on the F2 individuals.
The genomic DNA from these F2 individuals was digested with
restriction enzymes, separated by electrophoresis and blotted onto
nylon membranes. This DNA was screened for molecular marker
polymorphism using RFLP and SSR probes labelled as indicated
in section 2.2.2.2. The molecular data from both RFLP and SSR
markers were simultaneously being captured onto a genome
mapping program and was used to construct a linkage map for the
cross CML123 x K64R.
2.7
Phenotypic data
Development of drought tolerance - The phenotypic data was
obtained from mapping populations that were generated from a
cross between a CIMMYT drought tolerant line H16 and a drought
susceptible elite Zimbabwean line K64R at Tlaltizapan, Mexico.
Seven F1 ears were selfed to produce F2 populations. From a
labelled F2 population, 400 randomly selected ears were selfed to
produce F3 families. Each of the 400 plants was crossed to two
testers, CML202 and CML311. A number of 250 test-crosses were
evaluated under three watering regimes: WW, IS and SS. The
measured traits involved those for grain yield and included: DAT,
DAS, ASI, GRWT and EPP.
Development of insect resistance - The most important pest in
the target environment is Chilo partellus for Zimbabwe. The target
environment include the agroecological zones III to V, where most
of the intended beneficiaries of the project, the small scale farmers,
are situated. Insect evaluation for Chilo partellus was done in
South Africa because of the unavailability of the target insects, for
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a controlled infestation in Zimbabwe. Thus Chilo partelus was
used in the F2 trials to generate phenotypic data that was used for
QTL analysis. For Zimbabwe, two trials comprising 225 F2 entries
each were carried out by J.B.J. van Rensberg at the ARC-Small
Grains Institute, Potchefstroom in South Africa. Pronounced
environmental differences were assured by planting on different
dates, thereby subjecting one trial to high temperatures and low
humidity over long periods of time. Both trials were artificially
infested with 10 neonate larvae per plant 27-30 days after
emergence for Trial 1, and 39-42 days for Trial 2. Visual inspection
and leaf feeding damage ratings were recorded. In Trial 1, leaf
damage was recorded 7 days after infestation (dai) and for Trial 2,
13 and 17 dai. The infested plants were rated on a scale of 1 to 4
(1, no damage to 4, severe damage). The reciprocal index of attack
for each entry was calculated using the frequencies of plants in
each class of damage. The internal plant damage for Trial 1 was
evaluated 35 dai and Trial 2, 29 dai. The data collected for leaf
and inter-node damage constituted the phenotypic evaluations.
2.8
Linkage Maps and Identification of QTLs
Development of drought tolerance - Linkage maps were
constructed using 311 F3 plants and 190 marker loci for the cross
H16 X K64R. Map positions of polymorphic loci by establishing
multipoint analysis using the computer programme
“MAPMAKER” (version 3.0; LOD (log of odds) threshold = 3.0
and Theta threshold = 4.0) Lander et al., 1987). Mapping and
identification of QTLs was performed using adjusted F3 family
means for the traits measured in the field. The localisation of QTLs
for each trait was estimated by using “MAPMAKER/QTL”
(version 1.1) software (Lander and Botstein, 1989). Composite
Interval Mapping (CIM) mixed model method of Jiang and Zeng
(1995) which performs joint analysis of multiple environments and
multiple traits was employed to estimated QTL and their genetic
effects. The presence of a QTL was considered significant when
the LOD score was larger than 2.5. Adjusted entry means of DAS,
DAT, GRWT and EPP were analysed separately per season and
then in a joint CIM across both seasons in order to determine the
significance of QTL x Environment interactions (QTL x E).
Development of insect resistance - The insect damage ratings on
F3 families was correlated with RFLP data generated from the
molecular screening of the F 2 individuals to identify the
chromosomal location of the QTLs associated with insect
resistance, using “MAPMAKER/QTL”.
2.9
Genomic DNA extraction
Development of drought tolerance and insect resistance - Leaf
tissue was harvested from selected young maize seedlings,
lyophilized, ground to a powder using a mechanical grinding mill
and stored at minus 20oC until required. Genomic DNA for RFLP
mapping was extracted using a modification of a method developed
by Saghai-Maroof et al. (1984). In summary, mixed alkyltrimethylammonium bromide (CTAB) was used to break down the cell walls
and chloroform:octanol was used to remove proteins. The DNA
was precipitated with isopropanol and washed with ethanol.
Ethanol was evaporated and the pellet resuspended in Tris-EDTA
buffer. Yields in excess of 1 microgram DNA per milligram of
leaf tissue were readily obtained. About 75 to 100 samples would
routinely be extracted simultaneously in one set, at the Applied
Molecular Genetics laboratory at CIMMYT Mexico. The quality
and quantity of the extracted DNA was checked by electrophoresis
and spectrophotometry, respectively. The ratio between the
absorbance at 260 nm and 280 nm was used to establish the
concentration as well as to check the level of contamination with
protein and chloroform. The DNA was then diluted to a uniform
working concentration of 50 ng/µl for all samples.
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2.10
Southern Blotting
Development of drought tolerance and insect resistance - The
DNA was digested with either of two enzymes: HindIII or EcoRI
depending on polymorphism with the intended set of RFLP markers.
In the case of parental screening, both were used but on different
sets of the same sample. The optimum reaction buffer was used
for each enzyme. In most cases, the digestion reaction was set at
37oC for 3 hours. The digested DNA was separated by 0.7% agarose
gel electrophoresis, blotted on nylon membranes and hybridised
with non-radioactive digoxigenin-labelled probes.
2.11
Extraction of DNA for PCR Analysis
Development of drought tolerance and insect resistance - Maize
leaf samples were collected from selected maize plants, and the
labeled samples were stored at –80oC till use. DNA was extracted
using a modification of the method from McGregor et al., (2000).
A high throughput method was performed to enable DNA extraction
of a large number of leaf samples. Briefly, about 200 mg of leaf
material was ground in liquid nitrogen and the ground leaf material
was placed in an Eppendorf tube and kept frozen, while other
samples were ground and then stored at –80oC. DNA extraction
started with the addition of 600 µl of prewarmed (60oC) supaquick
buffer (200 mM Tris-HCl (pH 7.5), 250 mM NaCl, 25 mM EDTA
(pH 8.0) and 0.5% SDS). The tubes were incubated at 60oC in a
waterbath for 10 min. After cooling the tubes at room temperature
(25o C) a 600 µl of chloroform:isoamylalcohol (24:1) was added
and the tubes mixed by inverting. The tubes were then centrifuged
at 12500 rpm for 10 min. Carefully 500 µl of the upper phase was
placed in a clean eppendorf tube and 1 ml of ice-cold 96% ethanol
was added to precipitate the DNA. The tubes were left at –20oC
overnight and centrifuged at 12500 rpm for 10 minutes. The ethanol
was decanted and 1 ml of 70% ethanol was added and the tube
centrifuged at 12500 rpm. The ethanol was decanted and the tube
inverted on tissue paper to allow the pellet to air dry. The dried
pellet was resuspended in 50 µl sterile dH2O and the tubes left at
4oC overnight. The DNA was quantified using 10 µl of each sample
into a 1 ml of sterile water and read at A260nm. The DNA
concentration was estimated as 1 OD = 50 µg per ml DNA. All the
samples were then diluted to a concentration of 50 ng/ per µl DNA
for PCR analysis with SSR primers.
2.12
Analysis of DNA by PCR
Development of drought tolerance and insect resistance - The
PCR reagents were purchased from Roche Diagnostics (South
Africa). The PCR reactions were performed in 20 µl volumes
containing the final concentrations of : 1 X reaction buffer, 1.25
mM MgCL2, 0.125 uM dNTPs, 5 µl of 1 µM of forward and reverse
primers, 0.01U per µl Taq DNA polymerase and 250 ng of DNA.
The cycling conditions were: 1 denaturation cycle at 94oC for 2
min; then 30 cycles, each incorporating, a denaturation step at 94oC
for 30 sec, an annealing step at 54-56oC for 1 min and an elongation
step at 72oC for 30 sec. This was followed by an elongation step at
72oC for 5 min and a final step at 4oC.
2.13
Gel Electrophoresis
Development of drought tolerance and insect resistance - The
PCR products were electrophoresed on a 3% or a 4% agarose gel
depending on the size of the PCR products obtained. Generally a
400 bp PCR product was electrophoresed on a 3% gel and a 300
bp PCR product on a 4% gel. The gels were prepared using
Metaphor:Seakem (2:1) agarose (BioWhittaker Molecular
Applications, Rockland, ME, USA). The DNA bands were
visualized under a UV-Transilluminator and the results recorded
on photographs.
2.14
Analysis of Inbred Lines Using PCR Markers
Development of drought tolerance - For the 60 PCR markers
used, DNA was isolated in a similar manner as for the RFLP markers
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using Hoisington et al. (1998) protocols. Firstly parental lines
were PCR-screened with 200 primers followed by electrophoretic
analysis of the amplified products. Subsequently useful primers
were selected and screened on the segregating 311 F3 individuals.
A Chi-square analysis was performed on each PCR marker locus.
This had been done for the RFLP maker locus to test for deviations
from the expected gene frequencies of 0.5.
Development of insect resistance - To perform BC-MAS, seed
was planted from F1 hybrids of the cross between CML123 x K64R
and the K64R line per se. The F1 plants were crossed to the recipient
parent K64R to produce BC1F1 seed. The BC1F1 seed was planted
in the field in CIMMYT Mexico and analysed for insect resistance
by selecting for molecular markers identified previously in the
mapping exercise to be associated with insect resistance. A second
backcrossing was performed and then selfing continued until the
genetic background from the elite Zimbabwean line had been
sufficiently retained and the new trait fixed. “Allele-specific”
screening involved the step-wise use of two SSR markers flanking
each of the four identified QTLs. The fixed recurrent genome was
scored by “background screening” for the genomic segments from
K64R using 52 “K64R specific SSR primers”. Thus the BC1F1
population and the following backcross BC2F1 population, then
BC2F2 under heavy (H) natural insect infestation (namely BC2F2
H) grown at SIRDC, followed by a repeat of BC2F2 under light (L)
natural insect infestation (namely BC2F2L) at Chiredzi Research
Station and finally BC2F3 were screened using eight SSR “allelespecific” markers flanking the identified 4 QTLs on chromosomes
1, 3, 5 and 9. Two flanking primers were used for each QTL and
these were: bnlg1811 and bnlg2295 for the QTL on chromosome
1, bnlg1019 and mmc022 for the QTL on chromosome 3, umc1019
and mmc081 for the QTL on chromosome 5, and bnlg1209 with
bnlg0127 for the QTL on chromosome 9.
3.0

Results

3.1
Identification of Qtls for Drought Tolerance in Maize
Statistical analysis of genotypic data and phenotypic data (obtained
from the evaluations, under intermediate and severe drought stress,
of yield components namely; DAS, DAT, GRWT and EPP) resulted
in the identification of six quantitative trait loci (QTLs). The QTLs
were located on chromosome 1 (QTL@189 cM, major QTL),
chromosome 2 (QTL@135 cM, major QTL), chromosome 3
(QTL@137 cM and QTL@95 cM), chromosome 5 (QTL@32cM)
and chromosome 7 (QTL@10 cM) (see Figure 1).

QTL@10 cM

QTL@32 cM

3.2
Identification of QTLs for Insect Resistance in Maize
The results on the evaluation of insect infestation by Chilo partellus
have shown that the parent, CML123, ranked among the most
resistant while K64R was the most susceptible. Statistical analysis
of the phenotypic and genotypic data identified a total of 5 QTLs
(see Figure 2). The QTLs were identified on chromosome 1 with
a QTL@50 cM-(not significant) and another significant QTL@135
cM; on chromosome 3 with a QTL@60 cM; on chromosome 5
with a QTL@152 cM and on chromosome 9 with a QTL@70 cM.
Eight SSR primer pairs, a primer pair for each SSR marker, tightly
linked to and flanking a QTL of interest, were identified through
linkage analysis of the polymorphic markers. The flanking SSR
primers were used to select against genetic or linkage drag, avoiding
as much as possible the unwanted genetic segments from CML123,
while retaining the highest K64R background.

QTL@50 cM

QTL@60 cM

QTL@70 cM

QTL@135 cM

QTL@152 cM

Chr1

Chr3

Chr5

Chr9

Figure 2. Quantitative Traits Loci (QTLs) for insect resistance in
maize
A total of five QTLs were located on chromosomes 1, 3, 5 and 9
for insect resistance, in the cross between CML123 x K64R.
3.3 Marker Assisted Selection for Drought Tolerance
Marker Assisted Selection (MAS) for drought tolerance was
performed on a single large scale (SLS-MAS), using an initial
population of 4000 F3 plants and all six QTLs for drought tolerance.
The plants were screened for a contribution from the parent H16.
The Large-scale selection was performed at CIMMYT-Mexico.
Successive PCR screenings using one set of SSR primers for each
QTL, reduced the population of 4000 samples to 43 entries for
drought tolerance. The 43 lines were self-pollinated up to the F7
generation. A second MAS of the drought tolerant inbred lines
was performed on the F6 population for the contribution of the
H16 parent on chromosomes 1 and 2 using the SSR primers
umc1278 and umc1749, respectively. A sample of the gel results

QTL@95 cM
QTL@135 cM
QTL@137 cM
QTL@189 cM

Chr1

Chr2

Chr3

Chr5

Chr7

Figure 1. Quantitative Traits Loci (QTLs) for draught tolerance
in maize.
A total of six QTLs for drought tolerance were identified in the
cross between H16 x K64R and found to be located on chromosomes 1, 2, 3, 5, and 7, as shown.
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Figure 3. Gel electrophoresis of PCR samples screened for drought
tolerance of maize inbred lines. Marker Assisted selection (MAS)
for the contribution of the H16 x K64R, in the F6 population. The
MAS was perfomed using one SSR marker for the major QTLs on
chromosomes 1, using umc1287 and umc1749 primers, respectively.
A sample of the simple sequence repeat polymerase chain reaction
(SSR-PCR) amplification is shown: Lane 1, Molecular weight
marker X and bp represents base pairs; Lane 2 is the H16 parent;
Lane 3 is the K64R parent; Lane 4 to 7,9 to 17 and to 19 to 21 are
PCR showing a contribution of the H16 parent for the QTL on chromosome 1 and also on chromosome 2; Lanes 8 and 18 did not have
a PCR product, indicating that these samples did not contain QTLs
for drought tolerance.
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Table 1. Results of Marker Assisted Select (MAS) for drought tolerance of maize inbred lines.

MAS on Selfed
population

Samples analysed
(One SSR marker)

(SLS-MAS ) Samples with
6 QTLs on chromosomes
1, 2, 3,5 & 7

F3
F6

4000
184

43
——-

of the MAS is shown in Figure 3. The percentage plants with a
contribution from the H16 parent is presented in Table 1.
3.4
Results of BC-MAS for Insect Resistance
The BC-MAS strategy screening of maize plants used eight SSR
“allele-specific” markers flanking the identified 4 QTLs on
chromosomes 3, 5, 9 and then 1 (see Figure 4). Screening for the
QTLs on chromosomes 3, 5 and 9 corresponded to the contribution
from both parents, CML123 and K64R, as shown by two bands on
Figure 4. The BC-MAS of BC1F1 population of 800 plants
identified 11 entries with all the QTLs and the highest score for
the K64R recurrent parent genome (see Table 2). The DNA from

(MAS Checks)
Samples with 2
QTLs on
chromosomes
1&2
——117

Percentage of plants
with QTLs for
Drought Tolerance

1
65

1500 BC2F1 plants was screened and thirteen individuals contained
the QTLs for insect resistance on chromosomes 3, 5 and 9.
However, out of these thirteen individuals only six had the desired
segments for the QTL on chromosome 1, indicating a contribution
from the parent K64R. The six plants were selected as BC2F2 seed
for progression to BC2F3. In the following generations, that is
BC2F2 H (where H stands for Heavy Natural insect infestation),
BC2F2 L (where L stands for Light Natural insect infestation) and
BC2F3 H , BC-MAS was only able to detect 3 out of 4 QTLs for
insect resistance. The 3 QTLs were detected on chromosomes 3,
5 and 9 and showed a contribution of both parents, CML123 and

Figure 4. Gel electrophoresis of DNA samples from Backross Marker Assisted Selection (BC-MAS) for insect resistance of maize inbred
lines.
BC-MAS in the cross between CML123 x K64R was perfomed using two markers flanking the QTL of interest. Firstly, BC-MAS was
directed torwards PCR-sreening for the contribution of both parents using bnlg1019 and mmc002, for the QTL on chromosome 3.
Similarly, mmc081 and umc1019 were used to PCR-screen for the QTL on chromosome 5, and bnlg 0127 with bnlg1209 were used for
PCR-screen for QTL on chromosome 9. Secondly, the reduced population was PCR-screened for the recurrent parent K64R, using
bnlg1811 and bnlg2295 markers flanking the QTL on chromosome 1. A sample of BC-MAS for QTLs on chromosome 3, 5 and 9 is
presented here. Lane 1 shows the molecular marker X and bp stands for base pairs; Lane 2 is the CML123 parent; Lane 3 is the K64R
parent; Lane 4 is the Blank sample; Lane 5 to 7, 9 and 15, is an example of a PCR product from CML123 parent as it would appear in the
analysis of the QTLs on chromosome 3, 5 and 9, and also for selection of the current parent K64R on chromosome 1; Lanes 8, 10 to 12
and 16 show PCR products with contributions from both parents, CML123 AND K64R for the QTLs on chromosomes 3, 5 and 9; Lanes
13 to 14 is an example of a PCR product from the K64R parent obtained for QTLs on chromosomes 3, 5 and 9. However, no PCR product
was obtained for the QTL analysis on chromosome 1 from the recurrent parent K64R.
Table 2. Results of the backcross Marker Assisted Selection (BC-MAS) for insect resistance of maize inbred lines.
*H as in Heavy Natural Insect Infestation
**L as in Light Natural Insect Infestation

Selfed population

(BC-MAS)
Samples analysed
(Two SSR markers)

800
1500
26
193

(BC-MAS )
Samples with
5 QTLs on
chromosomes
1, 3, 5 & 9
11
6
————-

(BC-MAS )
Samples with
3 QTLs on
chromosomes
3, 5 & 9
————11
16

BC1F1
BC2F1
BC2F2H*
BC2F2 L**
BC2F3

Percentage plants with
QTLs for Insect
Resistance

1
0.4
42
8

364

——-

2

0.5
229
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K64R, by having PCR amplifications of 2 bands (see Figure 4).
Although a PCR product was obtained with the flanking primers
of the QTL on chromosome 1 for CML123, no PCR product was
obtained under the same conditions for the recurrent parent K64R.
4.0
Discussion
Development of drought tolerance - The identification and transfer
of specific chromosomal segments that control specific traits is a
novel biotechnological technique that is widely applied in
germplasm development. Basically, a mapping experiment is
conducted in which positions on the chromosome are pegged with
genetic markers such as Restriction Fragment Length
Polymorphisms (RFLPs) or Simple Sequence Repeats (SSRs) by
following the pattern of segregation of these markers in a
segregating population such as an F2 (second filial generation).
Inheritance of the segments can then be monitored using the
markers. The major assumption is that genetic markers that are
located closer together on the chromosome will segregate together
more frequently and are scattered less frequenctly than those that
are further apart.
A field experiment is conducted in which the individuals in the
mapping population (or families from them) are subjected to the
target pressure and the response is noted. The field performance
is then correlated to the marker segregation data such that it will
be possible to establish the molecular markers that segregate with
the trait. These are the beacons that delineate the intervals on the
chromosome controlling the major factors responsible for the trait.
The QTLs and carrying groups of genes and controlling sequences
can be moved from one genotypic background to another by cross
pollination. Individuals carrying the QTLs in a desired background
can be selected from amongst the offspring using markers. This
process allows close planning and a more targeted approach to
gene transfer/plant engineering without first taking the genes out
of the plant. Gene transfer in this case, is effected without the
creation of “transgenics”.
The target pressure, that is water stress, is only needed to be applied
once during the identification of the QTLs. Because this had been
done correctly (i.e. in an environment appropriately representative
of target production sites), the selection proceeded without much
regard to the effect of the environment in which the plants were
raised. This had the potential of reducing the cost of germplasm
development. In addition, this technique allowed for the germplasm
to overcome difficulties imposed by variations in the environment
that affect phenotypic selection.
In this study of drought tolerance in maize using the genotypic and
phenotypic data, six QTLs were identified and found to be located
on chromosomes 1, 2 ,3, 5 and 7. This was determined from the F3
population of a cross between H16, a drought tolerant maize line
and K64R, an elite good yielding line that was not drought tolerant.
A single large scale MAS on 4000 samples of an F3 population
reduced it to 43 entries, all containing the six QTLs for drought
tolerance. This represented only 1% of the population examined.
A second analysis for the drought tolerant QTLs was performed
on the F6 population. Here, the major QTLs on chromosome 1
and 2 were checked and out of 184 samples analysed 117 samples
were positive for the presence of the two QTLs in these plants.
This indicated that only 65%, instead of the expected 100% of the
plants analysed contained QTLs for drought tolerance. In previous
studies (Ribaut et al., 1999) grain yield QTL was reported to be
found on chromosomes 1 and 2. This is the reason QTLs for
drought tolerance were checked only on chromosomes 1 and 2 in
the F6 population. In addition, the fact that six cycles of selfpollination were performed, rather than eight cycles (Bolanos and
Edmeades, 1993) should not have been the cause for a low recovery
of drought tolerant inbred lines. Alltogether, it was estimated that
quite a large number of drought tolerant inbred lines was developed
for the future production of drought tolerant hybrids.
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Development of insect resistance For the insect resistance work,
the donor parent, containing the desired segments conferring insect
resistance, is CML123. The recipient, K64R, is a landrace that
contains desirable characteristics but lacks resistance to insect pests.
The BC-MAS breeding scheme was used to introgress insect
resistance alleles from the insect resistant line CML123 into the
susceptible elite Zimbabwean line K64R. As the cross was between
“good by bad” in terms of insect resistance there was a need to
select for the recurrent genome background through backcrossing
to the recipient K64R line.
Once the RFLP and SSR probes linking to the regions for insect
resistance were identified, further selection could be performed
in the absence of insect larvae by selecting only for individuals
carrying the correct allele at the identified QTLs. A total of five
QTLs were identified and located on chromosomes 1, 3, 5 and 9
as shown in Figure 3.
Two cycles of backcrossing (BC1 and BC2) were carried out before
fixing the introgressed alleles by self-pollination and two cycles
of self-pollination from BC2 were found sufficient to fix the alleles.
Thus 10 lines were selected at the BC2F2 generation for having
all five QTLs. As shown in Table 2. the percentage of plants with
QTLs for insect resistance decreased from one generation to the
next (i.e. from 42 % for BC2F2H to 0.5 % for BC2F3). However, it
was observed that more plants contained QTLs for insect resistance
under “heavy (H) natural infestation” (42% for BC2F2H) than those
under “light (L) natural infestation” (8% for BC2F2L). A simple
explanation, is that under “heavy natural infestation”, more plants
appeared to be more resistant to insect pests.
As indicated in Figure 4 , the PCR product of the SSR-PCR with
the primers linked to the QTLs on chromosomes 3, 5 and 9
produced a PCR product with both parents CML123 and K64R.
However, SSR-PCR with the primers linked to the QTL on
chromosome 1 produced only a PCR product when the parent
CML123 was used but not with the K64R parent, under the same
conditions. Several attempts to optimise the SSR-PCR protocol
for the K64R parent did not result in the production of a PCR
product for the K64R parent. This result may indicate that the
QTL on chromosome 1 for the K64R parent may not be present at
all, or that a recombination, translocation process may have
occurred, or simply that a ghost QTL may have been detected as
primary detection of this QTL in Zimbabwe in MAS of BC2F1 was
reported as being very faint (Dr T. Mangwende, personal
communication, 2002). These results may not confirm the
contribution of the K64R parent, but the fact that two back-crosses
with the recurrent parent K64R were performed, there should be
no doubt that the genomic fragments for insect resistance
introgressed into the recurrent parent K64R.
Conclusion and Way Forward
In conclusion, the SIRDC/DGIS Maize Project contributed to the
following:
• The training of scientists and technicians on MAS
breeding technology at CIMMYT-Mexico
• The development of drought tolerant and nsect resistant
maize inbred lines
• The farmer participation and acceptance of the maize
product •
The invaluable collaborative links with
CIMMYT-Mexico/Harare, KARI-Kenya, AREXZimbabwe and Farmers from Hwedza and BuheraBirchenough.
The way forward for the Maize Project is to use the drought tolerant
and insect resistant maize inbred lines for the increase and
sustainable production of maize hybrids as a means of increasing
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household food security in the small-scale and rural farmers in
marginal areas of Zimbabwe.
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Abstract
Sorghum [Sorghum bicolor (L.) Moench] is an important cereal crop
that is grown for food and beverages by smallholder (SH) farmers in
Zimbabwe. Its increased production in the SH sector is greatly constrained
by the root parasite called witchweed [Striga asiatica (L.) Kuntze].
Witchweed resistant cultivars offer the most practical and economic means
of controlling these parasites in marginal rainfall areas where sorghum is
produced by SH farmers. The objectives of this study were to screen four
sorghum cultivars for resistance to S. asiatica using the agar gel technique,
and to determine the inheritance mechanism of low S. asiatica seed
germination stimulant production. Cultivars SV-1, SAR 16, SAR 19 and
SAR 29, and F2 progeny between SV-1 and SAR 19 and SAR 29 were
screened for low germination stimulant (lgs) production using the agar
gel assay. The index of resistance was the maximum germination distance
(MGD), which is the furthest distance from the sorghum root to that at
which S. asiatica seed was found germinating in the petri dish. A resistant
cultivar had a MGD that was less than 1 cm while a susceptible cultivar
had a MGD that was more than 1 cm. Cultivars SV-1 and SAR 16 had
MGDs of more than 1 cm and they were therefore susceptible to S.
asiatica. Cultivars SAR 19 and SAR 29 had MGDs of less than 1 cm and
they were classified as resistant. The low S. asiatica seed germination
stimulant trait in cultivars SAR 19 and SAR 29 was inherited as a single
recessive gene. However, minor genes modified lgs production, judging
by the variation for MGD that was observed among the low and high
germination stimulant groups of F2 progeny. Broad sense heritability
(H2) estimates for MGD were 0.70 and 0.52 for SAR 29 x SV-1 and SAR
19 x SV-1, respectively. These heritability values revealed that genetic
factors largely explained the observed phenotypic variation for MGD in
this experiment. Selection for low S. asiatica seed germination stimulant
production should be successful if sorghum breeding programmes for
resistance against witchweeds are able to identify and utilize good sources
of resistance. The agar gel assay can be used as an efficient tool to select
for lgs production, especially in the segregating generations where single
plant selection is important.

1.0
Introduction
Sorghum [Sorghum bicolor (L.) Moench] is an important cereal
crop that is grown for food and beverages by smallholder (SH)
farmers in Zimbabwe. Some of the local names for this small grain
crop are mapfunde (Shona language) and amabele (Ndebele
language). Witchweed [S. asiatica (L.) Kuntze] is a root parasite
of the major cereal crops and it constitutes a major biological
constraint to increased sorghum production in the SH sector. Total
crop loss can occur if a susceptible variety becomes heavily
infested. Currently recommended control methods cannot be
effective because of limitations of financial and other material
resources that are required for adoption of these methods by SH
farmers. Witchweed resistant varieties therefore provide the most
practical and sustainable option for the control of these root
232

parasites (Mabasa, 1996). Breeding for Striga resistance is greatly
constrained by lack of reliable screening methods, as well as a
lack of knowledge of the genetics of witchweed resistance
(Haussmann et al., 2000a). Hess and Ejeta (1992) attributed the
lack of progress on inheritance studies and breeding for resistance
to rarity of genotypes that exhibit stable resistance across
geographical regions, problems of having uniform field infestations,
and the difficulty encountered in evaluating individual segregating
progeny for resistance.
In sorghum, resistance to S. asiatica is a manifestation of one or
more potential mechanisms that inhibit the development of
parasitism (Ejeta et al., 1993; Mohamed et al., 2001b). Evaluation
of host plant resistance to Striga without regard to the basis of
resistance has been slow and inefficient (Ejeta et al., 1993). This
may be because field resistance to Striga (Striga spp) is the eventual
expression of a combination of resistance mechanisms and is,
therefore, inherited as a quantitative trait (Ejeta, Mohamed, Rich,
Melake-Berhan, Housley and Hess, 2000). Effective use of
genotypes in breeding programmes requires that the resistance
mechanisms underlying the resistance of those genotypes be
identified, and the inheritance pattern clearly explained. It was
therefore important to characterise available Striga resistant
materials to enhance their effective use in breeding programmes in
Zimbabwe and the Southern African sub-region.
Focus was placed on the mechanism of lgs production in this
investigation. A genotype that produces large amounts of
germination stimulants will trigger a large number of witchweed
seeds to germinate and parasitise it. On the other hand, a genotype
that produces small amounts of germination stimulants causes fewer
seeds to germinate, resulting in reduced infestation (Ejeta et al.,
2000). The advantage of this mechanism is that it is able to impart
field resistance to a genotype, even in the absence of other
mechanisms (Hess et al., 1992). Low S. asiatica seed germination
stimulant production may form the basis of some recessive field
resistances such as that reported by Hess and Ejeta (1992).
However, the positive correlation between stimulant production
and Striga emergence under field conditions depends upon the
genetic materials under investigation, and also on the environmental
conditions. For instance, sorghum line N 13 is a high stimulant
genotype that has superior resistance to Striga under field conditions
(Rattunde, Obilana, Haussmann, Reddy and Hess, 2000). This
example illustrates that the expected relationship can be reversed
in some instances, and this necessitates the consideration of each
genotype as a unique case. The fact that different sorghum
genotypes differ by as much as a billion fold in the amount of
germination stimulants that they produce (Ejeta et al., 1993) makes
it important to investigate the inheritance of this trait in cultivars
SAR 19 and SAR 29. The objectives of this study were therefore
to screen four sorghum cultivars for resistance to S. asiatica using
the agar gel technique, and to determine the inheritance mechanism
of low S. asiatica seed germination stimulant production for
cultivars SAR 19 and SAR 29.
2.0
Materials and Methods
2.1
Plant Materials
The sorghum cultivars that were used in this study consisted of
SAR 16, SAR 19, SAR 29 and SV-1.These three Striga asiatica
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Germination distance (cm)

resistant (SAR) cultivars (SAR 16, SAR 19 and SAR 29) were
sourced from the International Crops Research Institute for SemiArid Tropics (ICRISAT). They are open pollinated varieties (OPVs)
that were shown to have resistance to white-flowered S. asiatica
in India (Obilana et al., 1991). Cultivar SV-1 is a drought tolerant
OPV that is recommended for production in marginal rainfall areas
of Zimbabwe. It has also previously been classified to be susceptible
to S. asiatica from pot and field screening studies (Mabasa, 1996).
Crosses were made between these cultivars and F2 progeny from
the following cross combinations were used for inheritance studies;
SAR 19 x SV-1 (Cross 1) and SAR 29 x SV-1 (Cross 2).

5
4
3
2
1
0

P1
P2
P3
P4
Cultivar
2.2
Agar Gel Assay
Surface sterilization of sorghum and S. asiatica seeds, conditioning
of S. asiatica seeds and agar gel assays were done following genotype to stimulate witchweed seed germination. The four
procedures described by Hess et al. (1992). Basically, 100 ¼l of sorghum cultivars differed significantly (P<0.01) for MGD.
preconditioned S. asiatica seeds were pipetted into 90 ml petri Cultivar SV-1 was the highest germination stimulant producer with
dishes. Water agar (0.7 %) was then poured over the S. asiatica a distance of 2.56 cm, followed by SAR 16 with a distance of 1.54
seeds. Roots of germinating sorghum seeds were placed in the cm (Fig 1). Cultivars SAR 19 and SAR 29 had MGDs that were
solidifying agar with the root tip pointing across the plate. The less than 1 cm. Figure 2 shows pictures of the agar gel assay.
plates were incubated in the dark at 280C for five days. The MGD
was used as the index of resistance.
Root of
Germinating S.
Figure 1:
Germination distances from agar gel assays
sorghum
asiatica seed
of four sorghum cultivars. P1=SV-1, P2=SAR 19, P3=SAR 29,
The four cultivars that were assessed for lgs production were SAR seeding
16, SAR 19, SAR 29, and SV-1. The experiment was laid out in a P4=SAR 16. CV=44.84%
completely randomized design with five replications per parent
genotype. Seventy-three and 143 F2 progeny were analysed for
Cross 1 and Cross 2, respectively. The F2 progeny were screened
in batches that differed from 6-23 genotypes per run. A test for
homogeneity of variance with unequal degrees of freedom was
conducted for all the batches using the method described by Gomez
and Gomez (1984). Because the variances on all the batches for
Cross 2 were homogeneous (Pe”0.05), data for the F2 genotypes
were pooled and analysed as a single entity. However, one batch
for Cross 1 had a significantly (P<0.05) larger variance than that
of the others and it was thus removed from the data set. Cross 1
was therefore analysed with 65 progeny instead of 73.
Analysis of variance was performed for MGD of parent genotypes
for each cross. Chi-square values and their probabilities were
calculated for a single gene hypothesis of 3:1 for each segregating
F2 population. Frequency distributions of MGD were plotted and
standard errors calculated for each class with a frequency of more
than two genotypes. Phenotypic variances were also calculated for
each parent and F2 population. Genetic variance was then
calculated for MGD following the partitioning of variance
components for measurements made in different generations
following formulae by Strickberger (1968) as follows:
VP1 = E
VP2 = E
VF2 = VG + E
Therefore,
VG = VF2 – (VP1 + VP2)/2
Where, VP1, VP2, and VF2 were the phenotypic variances of parent
one, parent two and F2 generation respectively, and VG was the
genetic variance. Environmental variance was depicted by E. Broad
sense heritability (H 2) was estimated according to Klug and
Cummings (1994) as follows;
H2 = VG/VP
where, VP was the total phenotypic variation for each set of parents
and their F2 derived progeny.

Figure 2:
3.2

Pictures showing root of a susceptible sorghum
genotype that produced germination stimulants
causing S. asiatica seeds to germinate.
Inheritance of Low S. Asiatica Seed Germination
Stimulant Production in Sorghum Cultivars SAR 19
And SAR 29

Maximum germination distances ranged from 0.00 cm to 4.4 cm
for the segregating F2 populations from Cross 2 and Cross 1,
respectively. Segregation ratios of high to low F2 stimulant
producers did not differ significantly (P≥0.05) from a ratio of 3:1
(susceptible: resistant) for both populations (Table 1). It was
therefore apparent that a single recessive gene controlled low
witchweed seed germination stimulant production in cultivars SAR
19 and SAR 29. Significant differences (P≤0.05) between MGD
of two parental cultivars used for each of the two crosses were
also observed (Table 1). Cultivars SAR 19 and SAR 29 were
resistant while SV-1 was susceptible in both cases. Broad sense

3.0
Results
3.1
Parent Characterisation
Generally, seeds of the sorghum cultivars that were tested
germinated readily on moist filter paper and grew well in agar.
There was a positive and highly significant correlation (r=0.88;
P<0.01) between the percentage of S. asiatica seeds that germinated
and the furthest distance at which they germinated after 120 hours
of incubation at 30oC. Maximum germination distance was therefore
subsequently recorded as an indirect measure of the capacity of a
233
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heritability (H2) estimates for MGD were 0.70 and 0.52 for Cross 2 and Cross 1, respectively (Table 1).

Table 3: Characterisation of parent cultivars (SV-1, SAR 19
and SAR 29) and their F2-derived progeny for S. asiatica
seed germination stimulant production

Genotype

No. of
seedlings Mean}†

SV-1xSAR 29
SV-1
SAR 29

134
5
5

SV-1xSAR 19
SV-1
SAR 19 5

65

2.08 ab
2.66 a
0.70 c
1.80a
5

Observed ratioϕ
Low
Ç2

H2‡

Ratio

Expected§
High

0.70

3:1

106

28

1.20ns 0.54

55

10

3.20ns

0.52
3:1
1.84a

P

0.08

0.62b

Means followed by the same letter are not significantly different (P ≤ 0.05)
Broad sense heritability = [VF2 – (VP1 + VP2)/2]/ VF2
§
Expected segregation ratio for a single dominant gene for high stimulant production
ϕ
16
High: maximum distance
for germination of S. asiatica seeds was ≥1.0 cm. Low: maximum distance for germination of S. asiatica seeds was
<1.0 cm.
14
ns- non-significant, P ≤ 0.05
SAR 29
Frequency distributions
SV-1 in Fig 3 and Fig 4. The class interval for the frequency
12 of F2 progeny from Crosses 1 and 2 for MGD are shown
distributions of MGD among the F2
10
†

Number of seedlings

‡

8
6
4
2
0
4.41-4.6

4.1-4.2

3.61-3.8

3.21-3.4

2.81-3.0

2.41-2.26

2.1-2.2

1.61-18

1.21-1.4

0.81-1.0

0.41-0.6

0-0.2

Figure 3:

Number of sorghumseedlings

Mean maximum germination distance (cm)

4.41-4.6

4.1-4.2

3.61-3.8

3.21-3.4

2.81-3.0

2.1-2.2

1.61-18

1.21-1.4

0.81-1.0

0.41-0.6

0-0.2

2.41-2.26

10
9
9 Frequency distributions of segregating F2 progeny from crosses between cultivars SV-1 and SAR 29.
7
SAR 19
6
5
SV-1
4
3
2
1
0

Mean maximum germination distance (cm)
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Figure 4:

Frequency distributions of segregating F2 progeny from crosses between cultivars SV-1 and SAR 19.
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progeny was 0.2 cm. Block arrows in the graphs show mean parental
values obtained during the time that their respective F2 progeny
were screened. The F2 progeny of both crosses were generally
put into two groups, low and high S. asiatica seed germination
stimulant groups. There was, however, considerable variation for
MGD within each group (Figs 3 and 4). Standard error of means
ranged from 0.01 to 0.04 for all different classes of the two
populations.
4.0
Discussion
The results of screening cultivars SV-1 and SAR 16 for stimulant
production revealed that both cultivars had germination distances
of more than 1 cm, and were therefore susceptible to witchweeds.
This classification is based on the stipulation that genotypes with
a germination distance of less than 1 cm are resistant while those
with more than 1 cm are susceptible to S. asiatica (Hess et al.,
1992). These findings are contrary to earlier reports in which SAR
16 has been reported to be resistant to S. asiatica (Obilana and
Ramaiah, 1992; Mabasa, 1996). Lack of correspondence between
current results and earlier reports may be due to the confounding
effects of intraspecific physiological strains of S. asiatica that might
have been used in the different experiments. It has been reported
that physiological strains of S. asiatica occur in Zimbabwe
(Musimwa et al., 2001).
Different physiological strains and/or biotypes of witchweeds are
expected to have different virulence towards their host genotypes.
However, there was no deliberate testing of S. asiatica seeds from
diverse geographical regions in this study. The reason for the
differences in classification of the response of SAR 16 to
witchweeds therefore remains inconclusive. The value of mixing
Striga seed collections from different areas and then using them in
agar gel assays or pot experiments has not yet been demonstrated.
We recommend that studies to investigate the usefulness of ‘Striga
seed-mixtures’ be done as this procedure could provide a simple
means to effectively evaluate cultivars for witchweed resistance.
As suggested by (Hess, 2001), it is important that differential
sorghum genotypes should be identified for use in Eastern and
Southern Africa. These sorghum lines would be used to identify
different witchweed pathotypes among collections from all agroecological zones of Zimbabwe. Potentially resistant cultivars would
have to be screened using these pathotypes before their release. It
is also important for genotypes that are screened for specific
resistance mechanisms, such as lgs production, to be screened in
multi-locational trials, in S. asiatica “hot spots” in order to assess
their total resistance to witchweeds in the field. This will ensure
that the genotypes will be exposed to both intraspecific and
interspecific physiological strains, as well as biotypes or ecological
variants of S. asiatica. Genotypes that will be selected under these
conditions should have broad-based and durable resistance to
witchweeds.
Since cultivars SAR 19 and SAR 29 had MGDs that were less than
1 cm, they were classified as resistant. Results obtained using the
agar gel assay for SAR 19 and SAR 29 agree with results obtained
from pot-screening experiments, and in general, field screening
experiments that were conducted in Zimbabwe and the Southern
African Development Community (SADC) region (Mabasa, 1996).
Cultivars SAR 19 and SAR 29 can therefore be good sources of
genes for the lgs trait in breeding programmes. These SAR cultivars
have also been reported to have other post-infectional resistance
mechanisms (Lane et al., 1995), which still have to be identified
through the use of appropriate screening techniques. The total field
resistance to witchweeds that has been shown by these cultivars is
therefore most likely to be a result of a combination of resistance
mechanisms, one of which is lgs production. The susceptibility of
SAR 16 in this investigation suggests that this cultivar may have a
minimal or no post-infectional resistance mechanisms.
A single recessive gene largely controlled low S. asiatica seed
germination stimulant production in cultivars SAR 19 and SAR
29. This was in agreement with results from similar investigations
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with other sorghum genotypes (Vogler et al., 1996; Haussmann et
al., 2000a; Greiner et al., 2001). However, considerable variation
for MGD was observed among F2 progeny within the low and
high germination stimulant groups. This suggested that there were
additional minor genes or modifiers that modified MGD in the F2
populations. It has been reported that witchweed host plants
produce several compounds that together stimulate Striga seed
germination. In sorghum, four active compounds that are found in
root exudates have been shown to act as germination stimulants.
These sorghum derived germination stimulants are sorgoleone,
sorgolactone, strigol and a water-soluble compound with a
quantitative biosynthetic pathway that has not yet been identified
(Siame, Weerasuriya, Wood, Ejeta, and Butler, 1993; Vogler et al.,
1996). The major stimulant from sorghum is sorgolactone and the
minor stimulants are structurally related to strigol (Siame et al.,
1993). If these compounds could have been separated and tested
individually then probably a clear-cut effect on witchweed seed
germination could have been observed.
In related genetic studies, general combining ability (GCA) effects
for MGD of S. hermonthica indicated that different sets of alleles
or genes were responsible for lgs production in cultivars 555 and
Framida (Haussmann et al., 2000b). Stuber, Polacco and Senior
(1999) reported that traits that are considered to be simply inherited
might be “semi-quantitative”. Many genes, such as a major gene
plus several modifiers, govern trait expression in this case. This
would explain why S. asiatica resistant genotypes support fewer
emerged Striga under field conditions, or have short germination
distances in agar gel assays (< 1 cm). Having some level of S.
asiatica seed germination would suggest a continuity in variation
for lgs production as depicted by Figs 3 and 4, and hence the
existence of modifier genes.
The observed variation for MGD was predominantly genetically
determined and quite comparable with results from other
investigations. Heritability estimates for MGD ranged between 0.65
and 0.89 when sorghum recombinant inbred lines (RILs) were
screened for S. hermonthica resistance (Haussmann et al., 2001).
Vogler et al. (1996) and Haussmann et al. (2000a) also reported
high H2 estimates for MGD from agar assays. Vogler et al. (1996)
reported H2 estimates ranging from 0.62 to 0.75 for three crosses
that were screened for germination stimulant production against S.
asiatica. Haussmann et al. (2000a) screened two sets of the same
population at different times and found heritability (H2) estimates
of 0.65 and 0.89. In addition, three to five quantitative trait loci
(QTL) were also detected for MGD when the same recombinant
inbred population was screened using different S. hermonthica
populations. The QTLs only explained up to a maximum of 39 %
of the genetic variance, indicating the presence of a major gene
that controls the rest of the genetic variance. These results show
that genetic gains can be made if selection for the lgs trait is imposed
upon appropriate segregating populations.
Since lgs production appears to be inherited as a single recessive
gene, it should be relatively simple to manipulate in breeding
programmes relative to field resistance, which is normally
quantitatively inherited. The major recessive gene for lgs production
can be transferred to desirable genomic backgrounds by the
backcrossing procedure (Poehlman and Sleper, 1995). However,
the process may be long due to a requirement to self the backcross
progeny in each backcross generation in order to facilitate
expression and selection for the recessive trait using the agar gel
assays.
Conclusion
Cultivars SV-1 and SAR 16 had MGDs of more than 1 cm and
they were therefore susceptible to S. asiatica. Cultivars SAR 19
and SAR 29 had MGDs of less than 1 cm and they were classified
as resistant. The low S. asiatica seed germination stimulant trait in
SAR 19 and SAR 29 was inherited as a single recessive gene.
However, minor genes modified lgs production, judging by the
235

RESEARCH COUNCIL OF ZIMBABWE

variation for MGD that was observed among the low and high
germination stimulant groups of F2 progeny. Broad sense
heritability (H2) values obtained for Cross 1 and Cross 2 revealed
that genetic factors largely explained the observed phenotypic
variation for MGD in this experiment. Selection for lgs production
should therefore be successful if sorghum breeding programmes
for resistance against witchweeds are able to identify and utilize
good sources of resistance, preferably those with multiple
mechanisms of resistance. The agar gel assay can be used as an
efficient tool to select for lgs production, especially in the
segregating generations where single plant selection is important.
It is suggested that S. asiatica collections from Zimbabwe should
be classified into pathotypes using differential sorghum lines.
Screening of sorghum genotypes in water agar should then be done
using these witchweed pathotypes. Agar gel-screened genotypes
should also be screened in multi-locational trials, in S. asiatica
“hot spots”. Sorghum cultivars selected under these conditions
should have broad-based and stable resistance to witchweeds.
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Abstract
Sweet potato jam, flour and bread were made from orange and whitefleshed sweet potato varieties. Sensory evaluations and consumer
acceptance tests were carried out to assess the acceptability of the abovementioned products in Harare, Wedza and Buhera. Sweet potato jam and
bread were highly acceptable and rated high in sensory scores. There
was no significant difference (p d•0.05) in the acceptance of sweet potato
jams made from orange fleshed and white fleshed varieties. Flavouring
the jam with fruity flavours however seemed to have a potential to further
increase the acceptability of the product. After the products were accepted,
we set out to find whether there was a preference for white or orangefleshed sweet potatoes. The objective was to find out if orange-fleshed
sweet potatoes could be used to combat vitamin A malnutrition among
the resource poor farmers. Farmers preferred white-fleshed sweet potatoes
to orange-fleshed sweet potatoes. The major reason for the preference
was the firmness of white-fleshed sweet potatoes versus the undesirable
soft, soggy nature and flavour of the orange-fleshed sweet potatoes. The
orange-fleshed varieties were also not among the common and readily
available varieties in both districts i.e. Wedza and Buhera. However for
sweet potato bread, farmers significantly (p e•0.05) preferred orangefleshed sweet potato bread to white fleshed sweet potato bread. Reasons
for the preference were the softness and unique colour of the orange
fleshed sweet potato bread. The results showed that there is a marked
potential of addressing micro-nutrient deficiency, particularly vitamin A,
by processing pro-vitamin A rich sweet potato varieties into acceptable
products. Value addition to sweet potatoes is a possibility in Zimbabwe.

1.
Background
Sweet potato (Ipomea batatas) is an important food crop cultivated
in almost all the districts of Zimbabwe. In the rural areas, it is
cultivated on small plots of land where it is primarily grown for
home consumption. Some small-holder and commercial farmers
do grow the crop for sale in urban markets. Their output is expected
to increase as technology transfer in the area of sweet potato
cultivation is being carried out in the country. This has already led
to an increased interest and awareness on the advantages offered
by sweet potatoes.
At both village and commercial level, sweet potatoes are harvested
only when needed and very little processing is carried out. This is
due to the perishable nature of the crop, the difficulty of
transportation due to bulkiness and lack of developed market
outlets. The above mentioned constrains can however, be addressed
by processing sweet potatoes so as to preserve them, add value
and increase convenience for the local market (FAO, 1998).
Products such as jam, bread and chips could be made locally. Such
processing activities could generate additional employment and
income opportunities at household level.
238

The main nutritional advantage of sweet potatoes lies in their
potential to provide one of the cheapest sources of dietary energy
in the form of carbohydrates (FAO, 1990). In addition, some
varieties contain vitamins particularly pro-vitamin A and minerals
comparable to those of various fruits (Truong, 1991). Other than
providing basic nutrition, sweet potatoes have been shown to
maintain and improve health (Yoshimoto, 2001), such physiological
functions of sweet potatoes include antioxidative activity, reduction
of liver injury, antimutagenicity, anticarcinogenesis,
antihypertension and anti inflammation activity. These activities
are effected by components such as polyphenolics, vitamins,
anthocyanins and jalapin which are normal components of sweet
potatoes (Yoshimoto, 2001).
The above nutritional and health benefits offered by sweet potatoes
forms a basis for the development of several food products so as
to offer healthy alternatives to the community. The objective of
this study was to make and assess acceptance and preference of
sweet potato products by consumers based on flesh colour (white
versus orange-fleshed)
2.

Materials and Methods

2.1
Product Development
a)
Sweet potato jam
The peeled roots of sweet potatoes were chopped into chunks, steam
cooked and blended with water into a slurry. Variations on the
main recipe comprising 20 % SP solids and up to 50 % sugar were
used. Orange and white-fleshed SP varieties were used.
b)
Sweet potato flour and bread
Sweet potatoes were washed, peeled, grated/chopped and sun dried.
The dry chips were milled into fine flour. For bread making 20,
30, 40 % SP flour and wheat flour mixes were made. Other basic
ingredients used were water, milk, salt, margarine and dried active
yeast.
All the dry ingredients were combined in a mixing bowl. Margarine
was rubbed into the mixture. Water and milk were warmed, added
and mixed thoroughly to make a dough. The dough was turned
onto a lightly floured surface and kneaded for another 5 minutes
or until smooth and elastic. The dough was placed in an oiled
bowl covered with plastic wrap and allowed to rise in a warm place
for 45 – 60 minutes, or until doubled. The dough was punched
down, shaped into a loaf and put in an oiled loaf pan. This was
allowed to rise for 30 minutes and the bread was baked for 55
minutes at 195 o C or until done.
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2.2
Consumer Acceptance for Sweet Potato Jam and
Bread
One hundred and thirty seven (137) consumers from Wedza and
Buhera were selected to assess the acceptability of sweet potato
jam. In Wedza the consumers were from Mawire East irrigation
Scheme and Goneso (Mkogo) village while in Buhera they were
from Mombeyarara village and Murambinda Irrigation Scheme
where school children, middle and old-aged parents were selected.

(Table 1). Orange flavoured cordner jam was however, the most
acceptable. Mafuta jam ranked second. The orange flavour raised
the scores for the cordner jam. Fruity flavours are well known and
accepted by the consumers. Flavouring the jams will increase
consumer acceptance of the product.

The selected consumers rated the acceptability of the product on a
hedonic scale of 9 points with 9: like extremely and 1: dislike
extremely. Consumers also explained reasons for their preferences.

Table 1: Summary of consumer acceptability tests for jam
(based on a nine point hedonic scale)

9-point hedonic scale
The standard 9 point- hedonic scale used is shown hereunder:
9: like extremely
8: like very much
7: like moderately
6: Like a little
5: Neither like nor dislike
4: Dislike a little
3: Dislike moderately
2: Dislike very much
1: Dislike extremely
2.3

Evaluation of Consumer Preference for Light
Fleshed Vs. Orange Fleshed Sweet Potatoes and
their Products.
A one-sided paired comparison test was used to determine if there
was a preference (and the direction of the preference) for whitefleshed and orange -fleshed sweet potatoes.
A total of 142 assessors from the two districts were involved. In
Wedza district, the farmers/assessors came from Mawiri East,
Mvurachena and Zviyambe North while in Buhera District they
were from Murambinda and Masasa. The assessors were each
presented with one or more pairs of coded samples presented in a
controlled order. The assessors were asked specific relevant
questions referring to the difference between the samples and their
preference. Assessors were allowed to give the no-preference reply.
The total number of responses (taking the larger of the two figures)
was read from a table of Critical Values for the paired comparison
test (Tomlins, 2000). If the number of responses in the test was
larger than the figure given in the table for the total number of
assessors, then the result of the test was significant.
2.4
Sensory Evaluation
Sensory profiling techniques (Quantitative Descriptive Analysis,
QDA) was used to obtain a comprehensive description of the
appearance, flavour and textural characteristics of sweet potato
jam. Twelve panellists/assessors were selected from members of
staff at the Scientific and Industrial Research and Development
Centre (SIRDC). A descriptive language to be used in the
evaluation exercise was developed by the team. Score sheets with
the descriptive language in the form of graphic scales were
developed for use as hedonic tests.
.
Samples of the sweet potato test product were assessed by the
panellists. They made duplicated judgements on the test products.
The samples were placed in appropriate containers, coded and
served at room temperature.
Statistical analysis i.e. ANOVA, regression analysis and graph
presentations of the data were made.
3.

Results and Discussion

3.1
Consumer Acceptance of Sweet Potato Jam
Jam made from white fleshed (maguste and mafuta) and orangefleshed varieties (cordner and japon) were both highly accepted

Table 1 gives the overall means of acceptability for sweet potato
jams as evaluated by the consumers in Wedza and Buhera.

Sample/Jam type
Orange flavoured cordner
Mafuta
Cordner
Magutse
Japon

Overall consumer acceptability
8.13
7.66
7.64
7.63
7.42

Key:
Evaluations by consumers were made on a 9 point categorized
hedonic scale with 9: like extremely and 1: dislike extremely
3.2
Consumer Acceptance for Sweet Potato Bread
Mean values for the scores of the 137 consumers showed that
the products were acceptable (Table 2). The average score of
seven (7) shows that the bread was rated as moderately liked.
Bread made from 30 % brondal flour was most acceptable
followed by 40 % brondal and 40 % cordner respectively.
The means for consumer acceptance of various sweet potato
breads are given in Table 2.
Table 2: Summary of consumer acceptance tests for bread
SAMPLE/ BREAD TYPE
30 % brondal
40 % brondal
40 % cordner
20 % cordner
20 % brondal
100 % wheat

OVERALL CONSUMER
ACCEPTABILITY
7.84
7.47
7.39
7.10
6.71
4.50

A ‘control’ bread made from 100 % wheat flour was included in
all tests. It was poorly accepted. The reason was that no sugar
was used in all recipes. It was therefore not as sweet as the sweet
potato bread. Results from the sensory panel showed that
addition of a little sugar to the bread makes it even more
acceptable. For further work all recipes will have some sugar
added to enhance the sweetness of the bread.
The more sweet potato flour is added, the heavier the bread and
has reduced pore size. The heavy loaf with poor pore size
(reduced) was unacceptable to consumers. At 30 % sweet potato
flour, the composite flour seems balanced for an acceptable loaf
with a good structure (pore size and strength), sweetness and
sweet potato taste.
3.3
Farmer Preference for Sweet Potatoes (White versus
orange-fleshed)
One hundred and forty two (142) assessors were involved. Ninety
six (96) assessors preferred white fleshed sweet potatoes (Chigogo,
Brondal, Chizambiya) to any orange fleshed sweet potatoes
(Cordner, Zappallo, Iitatis, Japon). On the other hand 46 assessors
preferred orange fleshed sweet potatoes to white fleshed sweet
potatoes.
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Farmer Preference for Sweet Potato Bread (White
versus Orange-Fleshed)
Of the 132 assessors involved in the evaluation, 82 preferred
Cordner bread to Brondal bread while 39 preferred Brondal bread
to Cordner bread. Eleven (11) found no difference between the
samples and had no preference for either Cordner or Brondal bread.
Based on the critical values for the paired comparison test at p
d•0.05, there was a significant difference in preference for sweet
potato bread made from Cordner and Brondal. Codner bread was
more preferred.

140
Overall Acceptability

There was a significant difference (p d•0.05) in preference for sweet
potatoes based on flesh type. White-fleshed sweet potatoes were
preferred to orange fleshed ones. The reasons for the non-preference
were that the orange fleshed sweet potatoes were soggy, soft and
had an oily flavour which was not desirable. Further, the taste was
more like that of butternuts or pumpkins whereas the farmers were
used to firm white sweet potatoes with a unique taste. Such firm
sweet potatoes made one thirsty or could take tea with them whereas
the soft orange fleshed varieties lacked these attributes.

90

40

*

3.4

Cordner bread was preferred for its unique orange colour and
softness. The rather soggy nature of the sweet potatoes had
imparted the softness to the bread. The oily aroma in the Cordner
bread was detected although not as strong as in the raw potatoes.
The striking difference in preference for raw and processed potatoes
has implications for processing. The farmer can grow white fleshed
sweet potatoes mainly for boiled home consumption and for sale,
and orange fleshed sweet potatoes for processing into breads and
other products. However, with increased availability of orange
fleshed sweet potato varieties and education on the nutritional
benefits of these varieties, the farmer’s perception may be shifted
toward increased use of the nutritionally rich orange fleshed
varieties.
In our work we used cordner and japon which are deep orange
coloured varieties and brondal which is a white coloured variety.
It is known that sweet potatoes are a major source of carotenoids.
The intensity of the orange colour is attributed to carotenoid
content. Carotenoids act as vitamin A precursors especially βcarotene (Hagenimana et al., 1999). The carotenoids of orangefleshed sweet potatoes are almost exclusively β-carotene yet the
varieties most widely consumed are white or yellow and contain
very little β-carotene. Increasing the consumption of orangefleshed sweet potato roots would provide sustainable, cost effective
sources of vitamin A to resource poor farmers in rural Zimbabwe.
Hence in this study we have ventured to process some of the highly
nutritious varieties. Sweet potato jam and flour can be made
containing this vital micro-nutrient which is critically short in the
diets of many households.
3.5
Sensory Characteristics of Sweet Potato Jam
The Anova p-value indicates that there is no significant evidence
(at p d•0.05) of differences in the acceptability of the jams
evaluated. All the products were highly accepted. The box-plot,
Fig 1, is indicating very little differences in the means. However,
magutse jam shows a larger variation of choices among the
panellists whereas the panellists were agreeing more strongly about
the cordner jam acceptability.
Analysis of Variance (ANOVA) for Overall acceptability of jam
Source DF
SS
ID
3
2186
Error
44 39144
Total
47 41330
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MS
729
890

F
0.82

P
0.490

cordner

japon

mafuta
Jam type

magutse

A regression analysis shows that honey taste and viscosity of the
jam were significant factors in determining acceptability (p-value
of 0.006). The panellists showed that jam colour was also an
important factor. A light orange colour similar to commercial
orange marmalade was more preferred. In this regard, the mean
value for mafuta jam is higher than that of cordner and japon jams
which are deep orange in colour. Magutse jam is yellowish and it
was not preferred. The viscosity of the jam at the end of the cooking
process needs to be finely monitored. A moderately thick and
slightly flowing product was preferred to a thin jam. Addition of
edible gelatine or agar may help standardize jam viscosity.
Gender was a significant factor (p d•0.05) affecting product
acceptability. Female panellists accepted jams more than male
panellists.
4.
Conclusions and Recommendations
Sweet potatoes can be processed into several products which have
superior sensory quality and nutrient content, particularly vitamin
A. Development of sweet potato products such as jam, flour and
bread is relatively new to Zimbabwe. This product development
endeavour is a way of value addition, preservation and
commercialization of a crop which was previously viewed as a
‘woman’s crop’.
The study showed that products made from orange-fleshed sweet
potatoes are acceptable. Increasing the consumption of orangefleshed sweet potato roots would provide sustainable, cost effective
sources of vitamin A to the rural majority in Zimbabwe. There is
need to continue introducing orange fleshed sweet potato varieties
and to educate consumers on the inherent nutritional benefits.
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Abstract
Tyndallisation involves boiling and cooling the medium for 2 to 3
successive days. The first and second heating is to kill the vegetative
microbes and the germinated spores respectively. Thus a level of sterility
is achieved. This basic concept was applied to the wheat grain used in
the production of oyster mushroom spawn in a bid to facilitate an increased
adoption of oyster mushroom production in Zimbabwe and possibly in
other developing countries. The use of Tyndallisation as an alternative to
autoclaving grain for oyster mushroom spawn production was investigated
in a two-phased experiment. The first phase was for determining the period
required to boil the water prior to boiling the wheat (Triticum aestivum)
grain. This was investigated by boiling water for 5, 20 or 30 minutes
prior to the normal Tyndallisation boiling (10 mins) for three days with
overnight incubation. The second phase investigated the use of short
boiling times for a longer duration. The wheat grain was boiled for 5 and
10 mins for 6 days with a 2 min prior boiling of the water. The spawn
produced was tested for fruiting ability in banana substrate. Good quality
spawn was obtained for the 30 mins boiling for the 2 and 3 days (first
phase experiment) and the 5 mins boiling for 4 days (second phase
experiment). Treatments varied significantly (ANOVA) in the number of
days until presence of contamination. The duration of incubation for
production of good quality spawn was determined to be one week. The
spawn colonized well the banana substrate and oyster mushrooms fruited
in the fifth week of incubation at ambient temperatures ranging from
200C – 250C. The Tyndallisation technology can be used by farmers in
Zimbabwe and other developing countries to multiply oyster mushroom
spawn to facilitate an increased adoption of oyster mushroom cultivation.
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1.0
Introduction
Pleurotus is a genus of cultivatable mushrooms with the first species
Pleurotus ostreatus grown in 1900 whilst Pleurotus pulmonarius
var. sajor-caju was first cultivated in 1974 (Quimio, Chang and
Royse, 1990). The genus name Pleurotus is derived from the Greek
word “pleuro” which means ‘formed laterally’ or ‘in a sideways
position’, referring to the lateral position of the stem relative to
the cap (Stamets and Chilton, 1983). In nature, Pleurotus species
grow on living or dead parts of plants that are generally poor in
nutrients and vitamins, (Zadrazil, 1978). The common name for
Pleurotus species is oyster mushrooms.
The Biotechnology Trust of Zimbabwe (BTZ) Mushroom
project for small holder farmers was practically initiated in Hwedza
and Buhera in 1998 (Mswaka, Kashangura and Chigogora, 2001).
Research on optimizing the growth conditions for oyster
mushrooms has been undertaken (Kashangura et al, 2002). Since
then oyster mushroom cultivation has been adopted in many parts
of Zimbabwe. However continued production and adoption of
oyster mushroom cultivation is being threatened by the fact that
the major spawn producers [University of Zimbabwe (UZ)
Biological Sciences Department and Biotechnology Research
Institute (BRI) of the Scientific and Industrial Research
Development Centre (SIRDC)] are located in the Capital City,
Harare. The centrality of spawn production is preventing many to
be mushroom producers from undertaking mushroom production
or actually stopping mushroom production due to the high cost of
transport incurred to acquire spawn at the major centres in Harare.
The sterilization of growth medium (grain) during spawn
production is achieved by utilizing steam under pressure (Stamets
and Chilton, 1983). This is achieved through using pressure cookers
or autoclaves (which are very expensive), with the common
conditions for sterilization being one hour at 1210C (15 psi: pounds
per square inch) (Kashangura et al, 2005; Oei, 1991; Ogden and
Prowse, 2004; Quimio, Chang and Royse, 1990; Stamets, 1993).
For commercial production done at the major spawn producers

autoclaves are utilized which are very costly. The centrality of
spawn production without a distribution network for the spawn is
hostile for uptake of mushroom cultivation in other parts of
Zimbabwe. Research was undertaken to investigate the use of
Tyndallisation as an alternative method of sterilizing growth
medium during oyster mushroom production.
John Tyndall was born on August 2 1820 (1820-1983), a
British physicist interested in the optical effects of atmospheric
dust. He demonstrated that dust carries endospore-forming bacteria
and that these bacterial forms could be killed by successive boiling
over a period of a few days (VanDemark and Batzing, 1987). This
process called intermittent sterilisation or Tyndallisation, was
employed for sterilizing many materials in the formative years of
microbiology before it was eventually replaced by the use of steam
under pressure (autoclaving). Tyndallisation is a process that makes
use of the fact that germinated bacterial endospores are heat-labile.
The process involves boiling water at 100ºC for 10 minutes, which
kills most microbial pathogens and vegetative forms of bacteria
but may not kill bacterial endospores (VanDemark and Batzing,
1987). By heating materials at 100ºC, vegetative microbes are killed
and endospores are heat-activated. After a period of incubation,
24 hrs to allow the activated endospores to germinate and begin to
grow, a second exposure to 100ºC will kill these now heat-liable
entities. The process is repeated once or twice more to ensure all
endospores have been induced to germinate and have been killed.
The incubation period is too short to allow formation of new
endospores. This paper will look at the use of Tyndallisation to
sterilize wheat grain during oyster mushroom spawn production.
2.0

Materials and Methods

2.1
First Phase Experiments
Washed dry wheat grain was used in the following treatments. The
bottles used were soap-water washed and dried in a drier for 5
minutes.
Procedure A: Grain was boiled (10mins) in tap water, prior to
transferring into 2 litre jars without draining out the water.
Incubation overnight at ambient temperature was done. The
following day the grain was boiled in the same water for 10 minutes.
The grain was drained into 8 bottles. Half of the bottles (4) were
inoculated with the Pleurotus sajor-caju (Strain 38092 MUCL
culture collection) species mycelia on agar blocks. The rest of the
grain was transferred into 2-litre jars, which were incubated
overnight at ambient temperature in the remaining water. The
following day the grain was boiled in the same water, prior to
transferring the grain into 8 bottles. Half of the bottles (4) were
inoculated with the Pleurotus sajor-caju mycelia on agar blocks.
All the jars were incubated at 25 0C with a daily check for
contamination being done.
Procedure B: Tap water was boiled for 5, 20 or 30 minutes. Grain
was added prior to a further boiling (10 mins). All the water was
drained from the grain. The grain was transferred into 2-litre jars
and incubated overnight at ambient temperatures. The following
day fresh tap water was boiled for 5, 20 or 30 minutes and grain
was added to each boiled water.
Water with grain was then boiled (10 mins) prior to draining all
the water from the grain. Half of the grain was transferred into 8
bottles, with inoculation being done on 4 bottles.
NB: The bottles were immediately covered with aluminium foil
and then transferred to the 250C incubator after each inoculation.
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The bottles were labelled bx2. The remaining grain was transferred
into 2 litre jars. The jars were incubated at ambient temperature.
The following day fresh tap water was boiled for 5, 20 or 30
minutes. The remainder of the grain was added and boiled for 10
minutes prior to draining all the water.
The grain was transferred into 8 bottles labelled bx3, of which 4
were inoculated with Pleurotus sajor-caju mycelium. The bottles
were covered with aluminium foil and incubated at 250C.
Procedure C: Wheat grain sterilized by autoclaving (Kashangura
et al, 2005; Stamets, 1993) was also prepared and left not inoculated
as a control.
2.2
Second Phase Experiments
Dry wheat grain was washed (five rinses using tap water) prior to
being boiled for 5 and 10 minutes (different treatments) in tap water
previously boiled for 2 minutes. The resultant grain was labelled
bx1 (boiled once). The excess free water was drained and the grain
was placed in covered containers previously washed in 0.0005%
of a local disinfectant (Trade name, Jik) [active ingredient, Sodium
hypochlorate 0.016%]. The grain was left overnight at ambient
temperatures. The following morning the grain was boiled in fresh
tap water previously boiled for 2 minutes for 5 and 10 minutes as
different treatments and placed in covered containers previously
washed in 0.0005% of a local disinfectant (Trade name, Jik) [active
ingredient, Sodium hypochlorate 0.016%]. The resultant grain was
labelled bx2 (boiled twice). This process was repeated up to grain
labelled bx6 (boiled six times). Water content determination was
done for each grain treatment from bx1 to bx6.
2.3
Water Content Determination
The respective wheat grain (dry and bx1 to bx6) of a known mass
was oven dried (1500C for 6 hours), followed by weighing of the
oven dried grain. The percentage (%) water was calculated using
the formula A:
•

% water = [ mass of water lost ]
x 100 —— (A)
[lost water + oven dried grain ]

2.4
Inoculation of spawn and incubation
In the first phase of experiments on Tyndallisation wide-mouthed
jam jars were used. In the second phase experiments narrowmouthed milk bottles were used. The bottles were washed in
0.0005% of a local disinfectant (Trade name, Jik) [active ingredient,
Sodium hypochlorate 0.016%]. Grain (100g) was placed in each
of 6 bottles for each of the grains labelled bx1 up to bx6. Half of
the bottles (3) were inoculated with the Pleurotus sajor-caju
mycelia on agar blocks whilst the other three were left uninoculated.
The bottles were plugged using microporous filter plugs. All the
jars were incubated at ambient temperature with a daily check for
contamination being done.
2.5

Inoculation of banana substrate and fruiting on
substrate
The substrate is the material or substance, which provides ‘food’
for the growing mushroom mycelium (Kashangura et al, 2005).
Banana fronds were chopped into small pieces with a garden knife
and pre-wetted overnight in a drum. The following morning the,
banana substrate was pasteurised for one hour by boiling. Wheat
grain spawn (bx4, 5 mins treatment) and 30 mins (bx3) produced
by Tyndallisation was mixed (5% rate) into the cooled pasteurised
banana substrate simultaneously with the filling of plastic bags
(1000 µm thick, 310 mm diameter, 1300 mm length) in a layered
stratum. Triplicate bags were prepared. The mushroom spawn (wet
weight) required for a 5% spawn rate was calculated using formula
(B) (Kashangura et al, 2005) below:
mushroom spawn (wet weight) = spawn rate (decimal) x substrate
(dry weight)
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Holes (3 mm) were punched in the bottom and sides of the substrate
bags for drainage and aeration. The bags were hung in the
mushroom-growing house using the column method (Stamets,
1993). The substrate bags were incubated in the dark at ambient
conditions with daily watering of the floor of the mushroom growing
house. After 3 weeks larger holes (5 mm) were punched to allow
fruiting. When the substrate was colonised by the mushroom
mycelium, the bags were exposed to a 6 hour period of normal
sunlight with normal air circulation during the 6 hours (windows
were opened). Mature mushrooms were harvested by twisting off
the whole cluster or single mushrooms.
The whole experiment was repeated.
3.0
Results
The average number of days taken by each respective treatment to
show the presence of visible contamination is shown in Table 1.
The days ranged from 4 to 9 days. The number of days taken before
contamination for all the treatments varied significantly (ANOVA,
one-way P = 0.012 [P < 0.05]) (see Table 1).
The 30-minute boiling treatment resulted in the highest
number of days before contamination appeared. The contamination
was caused by fungi, bacteria and yeast.
Contamination generally occurred within the period of a week on
the inoculated grain whilst it took one to two weeks on the grain
not inoculated. The water content of the wheat grain for the 2nd
phase of experiments is shown in Figure 1. The water content
generally increased with each successive boiling from 39.90 (bx2)
to 66.29% (bx6) for the 5 min boiling experiment and 41.43 (bx2)
to 70.10% (bx6) for the 10 min boiling experiment. Burst grain
occurred for the following treatments 5 mins (bx5, bx6) and 10
mins (bx4, bx5, bx6) with a lot of burst grain for the bx6 treatment
for both the 5 mins and 10 mins boiling times. The autoclaved
grain took 30 days to show contamination.
Good quality spawn was obtained for the 30 mins (bx2 and bx3
treatments) [1st phase experiments] (Figure 2) and the 5 mins (bx4)
(Figure 3) for the 2nd phase experiments. Fisher’s pairwise
comparisons showed that three treatments (procedure B, 20 min
bx2 and 30 min bx3 and 2nd phase experiments 5 min bx4) had
many significant differences with other treatments (Table 1). Oyster
mushroom pinheads started forming after the fourth week for the
30 mins (bx3) spawn and during the fifth week for the 5 mins (bx4)
spawn produced by Tyndallisation as a means to sterilize the growth
medium (wheat grain).
4.0
Discussion
Good quality spawn was obtained for 30 mins boiling for 3 days
(bx3, 30 mins) for the first phase experiments and for 5 mins boiling
for 4 days for the second phase experiments. These two treatments
had many significant differences with other treatments. Treatments
varied significantly (ANOVA and Fisher’s pairwise comparisons)
thus reinforcing that different boiling times and number of boiling
affects the spawn quality produced by Tyndallisation as a means
of sterilizing wheat grain for oyster mushroom spawn production.
These conditions (bx3, 30 mins and bx4, 5 mins) are ideal for
multiplication of oyster mushroom spawn by trained and approved
farmers. The 30 mins (bx3) conditions are ideal for a situation
where the source for boiling the water and grain is not firewood
whilst the 5 mins (bx4) conditions are ideal for a situation where
firewood is the source for boiling the water and grain since less
time is required. For the 30 mins (bx3) a total of 2 hours of boiling
is required whilst the 5 mins (bx4) a total of 28 mins of boiling is
required. The production of oyster mushrooms when spawn was
inoculated into banana substrate showed that the wheat grain
sterilized by Tyndallisation has a level of sterility comparable to
the sterile wheat grain produced by the conventional autoclaving.
The longer period for appearance of fruiting bodies for the 5 mins
(bx4) compared to the 30 mins (bx3) may be due to that 30 mins
(bx3) experiment used controlled temperature whilst the 5 mins
(bx4) which is ideal for a rural setting where firewood is the main
source of energy for boiling water used ambient conditions. The
water content of the grain plays a critical role in the success or
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failure of spawn production (Stamets, 1993). The ideal water
content for wheat grain is in the range of 45-55% (Oei, 1991;
Stamets, 1993). The bursting of the grain in some of the treatments
was due to the excess water content (Figure 1). The exploding also
causes clumping and environments where bacteria proliferate.
Excessive water favours growth of bacteria and other competitors
(Stamets, 1993), which could have partly been responsible for the
early occurrence of contamination in these treatments.
The process of Tyndallisation may be used to provide the
much needed oyster mushroom spawn that is not readily available
for potential mushroom farmers outside the major spawn-producing
city (Harare) in Zimbabwe. A distribution and multiplication
network for oyster mushroom throughout the country may facilitate
an increased adoption of oyster mushroom cultivation. The network
may involve the multiplication of conventionally produced spawn
at selected provincial Agricultural Research and Extension (AREX)
offices or alternative specially built structures comprising a simple
laboratory with a pressure cooker. The key to successful oyster
mushroom spawn production would be installation of an ultra violet
(UV) lamp to sterilize the laboratory overnight (Kashangura,
unpublished) and the determination of a critical distance radius
from the major spawn producing centre that would be feasible for
the successful multiplication of oyster mushroom spawn by
Tyndallisation. Oyster mushroom spawn produced at these centres
can then be multiplied by trained and approved smallholder
mushroom farmers in two-roomed home based laboratories
specially designed for the purpose of multiplying oyster mushroom
spawn using Tyndallisation to sterilize the growth medium. The
resultant oyster mushroom spawn would then be available to the
smallholder farmers in the critical distance radius of the major
spawn producing centre to enable an increased adoption of oyster
mushroom cultivation in Zimbabwe and the developing countries
of the world.
5.0
Conclusion and Recommendations
The research shows that Tyndallisation can be implemented to
enable an increased uptake of oyster mushroom production in other
areas of Zimbabwe outside of Harare where the major spawn
producers are located. Tyndallisation can be used in a pyramid
network with the major spawn producers at the apex of the pyramid
whilst the smallholder oyster farmers are at the base of the pyramid
(Figure 4).
0.1
0.2

The recommended incubation period is one week
The mass of the substrate (e.g. wheat or sorghum grain)
should not exceed 100 g per container.

This process of Tyndallisation is ideal for production of oyster
mushroom spawn that needs to be used immediately by the end
user and not for commercial oyster mushroom spawn purposes due
to the small quantities obtained per container. This process can be
adopted in developing countries to provide the much-needed
nutrition required by HIV/AIDS patients, especially in Southern
Africa by boosting cultivation of oyster mushrooms. The production
of oyster mushrooms may be done as a community activity.
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Abstract
Smallholder dairy production in Zimbabwe faces acute shortages of
protein-rich feeds, especially during the seven-month dry period from
April to October. Leguminous fodder trees were formally introduced to
Chikwaka and Guruve Communal Areas in the 1994/95 season, and later
to sixteen other communal areas to supplement expensive commercial
feeds. The trees were mainly Acacia angustissima, Calliandra
calothyrsus, Leucaena leucocephala, L.pallida and L.trichandra. Despite
the extensive promotion of fodder tree production, very few farmers are
actively producing and utilising the trees. A ‘farmer-feedback’ workshop
followed by a structured formal survey, focussing on Chikwaka and
Guruve Communal Areas, led to the identification of several constraints
facing smallholder dairy farmers in fodder tree management. Tree
mortality was a major problem. From more than 19116 trees planted since
the 1994/95 agricultural seasons, physical counting during the survey in
2000 found only 22% of these trees still present. Major constraints
encountered were poor seedling survival, pest problems and uncontrolled
browsing. Termites, rodents, Leucaena psyllids and cutworms (in
seedbeds) were some of the problematic pests encountered in the nursery.
Termites and Leucaena psyllids were common field pests of fodder trees.
Innovative farmers were utilising homemade mixtures to reduce pest
damage that included derivatives of readily available Lantana camara,
Solanum incanum, Tagetes minuta and Tephrosia spp. Uncontrolled
browsing from stray animals, due to inadequate fencing, was curbed by
the use of homemade deterrents. Poor browsing or cutting management,
causing excessive defoliation and stem damage, resulted in poor regrowth
and decreased tree survival. Poor tree survival was noted in intercrops of
fodder trees and star grass (Cynodon nlemfuensis). Availability of major
fodder production resources, which are land and labour, affected the scale
of fodder tree production. The larger the arable land the bigger the land
reserved for fodder tree production. Although labour resources were not
limiting in Chikwaka, an assessment of Guruve showed that time for
fodder harvesting coincided with cotton picking, an enterprise that was
highly ranked in terms of income generation compared to dairying.
Farmers lacked information on feed formulations that incorporate tree
fodder. Further work is recommended on the efficacy of homemade
mixtures in pest control. Future research and extension efforts should
also focus on improving the survival and productivity of fodder trees on
farm. Smallholder dairy farmers suggested the need for research on feed
formulations that incorporate tree fodder.
Key words: fodder tree, tree establishment, production, utilisation,
constraints, smallholder, dairy

1.0
Introduction
An extensive review of livestock production in Sub-Saharan Africa
concluded that limited stockfeed resources would be the greatest
limitation to the productivity of an expanding livestock population
(Winrock International, 1992). Zimbabwe, which has a unimodal
rainfall pattern characterized by six to seven dry months (April to
October), annually experiences a decline in quality and quantity
of fodder during this period (Mupeta, 1995; Dzowela, 1997; Hove,
Chakoma and Nyathi, 1999). The constraint of inadequate proteinrich feeds affects sixteen smallholder dairy schemes, which were
initiated by the dairy development programme (DDP) in Zimbabwe
(ARDA-DDP, 1999).
Fodder tree species such as Acacia angustissima, Calliandra
calothyrsus, Leucaena leucocephala and L. trichandra have been
extensively promoted in Zimbabwe, Kenya and elsewhere for their
potential to replace or complement commercial dairy meal

concentrates, without loss of milk production (Dzowela and
Mafongoya, 1997; Paterson, Karanja, Rootheart, Nyaata and
Kariuki, 1998). Livestock readily accept most of the species
introduced in Zimbabwe (Dzowela, 1997).
Adoption of tree fodder based technologies commenced in the early
1990s with the assistance of AGRITEX8. However, a relatively
wider scale of adoption commenced in the 1994/95 season with
the promotion of on-farm fodder banks, through an initiative of
ICRAF9. The programme saw the introduction of different species
of leguminous fodder trees. However, despite the extensive
promotion of the fodder bank technology, very few farmers are
actively producing and utilising fodder trees. The low production
and utilisation of fodder trees prompted the need for an assessment
of the constraints in fodder tree production and utilisation.
This study assessed the production of fodder trees by smallholder
dairy farmers in Chikwaka and Guruve Communal Areas with the
broad objective of acquiring detailed information on existing
farmers’ practices and assessment of constraints and opportunities
concerning management of fodder tree technologies. This paper
reports mainly on constraints faced by smallholder dairy farmers
in fodder tree production and utilisation as well as important areas
of concern raised by fodder tree farmers.
2.0
Materials and Methods
A farmer workshop was held in order to acquire baseline
information on fodder tree production and utilisation. Key
informants from ICRAF, AREX, Forestry Commission and farmers
provided information on fodder tree production constraints. A
questionnaire was structured to obtain more detail concerning onfarm production and utilisation of fodder trees as well as farmer
innovations to the introduced fodder bank technology. The formal
survey was done in Chikwaka and Guruve Communal Areas, where
fodder trees had been introduced in the 1994/95 season.
2.1
Sampling method
The primary sampling unit was the farmer (with his or her fodder
tree plots) and the secondary sampling units were individual fodder
plots. Data from all plots at each of the sampled farms plots was
collected for the analyses. Purposive sampling (Babbie, 1973),
which involves selecting individuals based on prior knowledge of
the population to suit research objectives, was done in the
compilation of a list of smallholder dairy farmers who are known
to manage and utilise fodder trees. The initial list consisted of
farmers who had delivered milk to their collection centres during
the year 2000. More farmers were identified with assistance from
DDP personnel and field officers from ICRAF. Other farmers with
fodder trees were identified with assistance from fellow farmers.
The final list of farmers who were managing fodder trees consisted
of 12 farmers in Guruve and 56 farmers in Chikwaka.
2.2
Questionnaire Design and Usage
A detailed questionnaire was prepared for the formal survey.
Wording of the questionnaire was done in a way that sought to
convey a standard meaning of the subject, for both the respondent
and the interviewer. One enumerator, who was one of the
researchers, administered the questionnaires in an attempt to
maintain consistency in recording farmers’ responses. The
245
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3.0
Results and Discussion
3.1
Household Characteristics and Availability of Main
Farm Resources
Most of the household heads (85%) were predominantly male and
were resident on-farm. Their full time occupation during the year
was family farm work, which included fodder and livestock. Almost
every farmer (98%) had some formal education, although about
half of the group ended at primary level. Most of the farmers (90%)
had received some formal agricultural training, with the largest
number (40%) receiving refresher courses from AGRITEX. Twenty
nine percent were master farmers.
3.2
Availability of Land
Most smallholder dairy farmers (66%) had their size of land ranging
from 2-5 ha. The average size of total arable land per farmer was
3.26 hectares. An average of 0.63 hectares (19%), from the total
arable land area, was reserved for fodder trees. The relatively small
total land size explains why 65% of the farmers had only small
plots of land reserved for fodder trees. There was a significant
positive correlation (Pearson Correlation at p<0.01 level) between
total arable land size and the size of land reserved for fodder trees
(Table 1).
Cross tabulation of arable land size and land reserved for fodder
trees showed that farmers with larger total arable land managed to
reserve larger proportions of their lands for tree fodder production.
Poor availability of land reserved for fodder banks can presumably
be attributed to competition with traditional annuals, on the
generally small hectarage (average of 3.26 ha/farmer). These results
confirm the report of Moyo and Mapfumo (2000), which
hypothesised that the total farm size affects the land allocated to
fodder production.
3.3
Availability of Labour
Seventy-two percent of the households, in both Chikwaka and
Guruve Communal Areas, had between 3 and 5 household members
above 15 years, considered a moderate labour supply for carrying
out the daily farm activities. Labour shortage was highlighted during
the survey as a constraint affecting only 3% of all the respondents.

Occurance of constraints (%)

questionnaire covered household characteristics, nursery
management, field establishment and subsequent tree management
and constraints to fodder production. However, only constraints to
fodder tree production and utilisation were used for this paper. A
total of 61 farmers were interviewed. The remaining seven farmers
had been used for pilot-testing the questionnaire, hence they had
to be discarded.
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Figure 1. Major nursery constraints
The assessment on availability of labour may imply that there is
adequate manpower for managing and expanding the current fodder
technology. However, labour demand tended to fluctuate seasonally,
with peak periods of demand coinciding with other critical onfarm operations. In Guruve, the time for harvesting fodder
coincided with the time for cotton picking, an enterprise that was
highly ranked in terms of income generation compared to dairying.
All farms in Guruve had overgrown trees that had many pods and
fewer leaves, which had not been harvested in June, two months
into the dry season. Delayed harvesting of forages, which was noted
in Guruve, is known to reduce the quantity and quality of forage
(Buxton and Fales, 1994; Cherney and Hall, 1992), although the
changes in quality are less drastic than with grasses.
There was a significant correlation (p<0.05; Pearson Correlation
= 0.53) between the number of workers hired for dairying and the
frequency of weeding (Table 1). Farmers who highly ranked
dairying as their major enterprise, in terms of income generation,

Table 1: Pearson Correlation matrix
Number
Total arable
of workers land (ha)
hired
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Land reserved
for fodder trees
(ha)

Farm size(ha)

CorrelationSig.
(2-tailed)N

0.425
0.055
21

Land reserved
(ha) for fodder
trees

CorrelationSig.
(2-tailed)N

0.024
0.919
21

0.537
0.000***
60

Ranking of dairy

CorrelationSig.
(2-tailed)N

0.573
0.007**
21

0.050
0.700
61

0.005
0.973
60

Weeding frequency

Correlation Sig.
(2-tailed)N

0.526
0.036*
16
*** Correlation is significant at the 0.001 level (2-tailed).
** Correlation is significant at the 0.01 level (2-tailed).
* Correlation is significant at the 0.05 level (2-tailed)
MPTs - Multipurpose trees and shrubs

0.156
0.317
43

0.187
0.23
043

Ranking of
dairy enterprise

0.170
0.277
43
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tended to invest more in additional labour for fodder trees. This
implies that the degree of management of fodder trees on farm is a
function of the labour available. These results confirm the
assumptions made by Current, Lutz and Scherr (1995) that most
farmers are rational in resource allocation, and they will reduce
their allocations of resources to low profit-making enterprises. A
cost benefit analysis of smallholder dairy farms using fodder tree
feeds in Natural Region IIb (Chikwaka Communal Area) showed
cost benefit ratios ranging from 1.12 to 3.33 (Moyo, 2001). The
benefits cost (BCR) ratios were highest with farmers who utilised
a combination of high level of tree fodder with conventional
concentrates as their feeding strategy. This was compared to feeding
tree fodder alone and feeding concentrates alone. The high BCR
was a result of reduction in costs.

However, despite a total of 19 116 trees, excluding S. sesban and
C. cajan, being reported to have been transplanted from 1994/5 to
1996/7 (Dzowela, 1997), only a total of 4 177 trees were physically
counted in the year 2000. This survival rate of 22% is an
underestimation, as it does not cater for trees planted between 1998
and 2000. Hence tree establishment is an area that requires much
focus in order to ensure higher adoption rates. In Queensland,
Australia poor tree establishment was a major limitation to the
widespread adoption of the fodder tree L. leucocephala (Brandon
and Shelton, 1997; Brandon, Shelton and Peck, 1997). A survey
done in Chikwaka, Chinamhora and Guruve (ICRAF-Zimbabwe,
1998) revealed that termites were the major problem, affecting
51% of the farmers, followed by browsing (22%), waterlogging
(12%), drought (11%), frost (2%) and other pests (1%).

3.4
Nursery Constraints
Nursery constraints were identified and ranked based on farmer
responses (Figure 1). Pest problems were a major constraint in
nursery establishment in Guruve Communal Area. Rodents and
termites were major pests of fodder tree seedlings. Other nursery
constraints were psyllids, aphids, water shortage and inadequate
labour. All nurseries were established in home gardens where
reliable protection from goats and water supplies were available.
It was surprising to note that unavailability of labour was noted as
a constraint to nursery establishment in Guruve only and not in
Chikwaka Communal Area. This could be linked to high labour
demands for cotton production, which is a predominant enterprise
in Guruve.

Survival of trees also differed according to methods used in raising
the seedlings, as highlighted in Figure 2. Highest incidences (52%)
of poor tree survival were recorded for trees that were raised in
beds before being transplanted into polythene tubes. This could be
a result of transplanting shock experienced twice in their growth
cycle. The bare root method requires quickness in transplanting
and extreme care to minimise the transplanting shock associated
with continued exposure of roots to atmospheric conditions. The
lowest incidences of poor tree survival (35%) were recorded for
trees raised from polythene tubes.

Cutworms and crickets were a problem at sites that raised bare
root seedlings, and sites where seedlings were first sown in a
seedbed before potting. Forestry Commission and nongovernmental organisations, working on forestry and permaculture,
introduced community or village nursery projects for income
generation. Most farmers have acquired considerable experience
in nursery management through these projects, which partly
explains the high success rates in establishment of fodder tree
nurseries. Farmers used homemade remedies for controlling nursery
pests.

3.6
Pest Problems and Pest Control Innovations
Major field pests of fodder trees are termites and cutworms.
Heteropsylla cubana Crawford (Leucaena psyllid) was a problem
on L. leucocephala. It significantly reduced tree vigour and leaf
yield. Affected leaflets showed severe distortion.
Farmers developed relatively cheap methods of controlling termites.
However, the degrees of success ascribed to the different methods
were not quantified. Some of the control measures being used by
smallholder dairy farmers are presented in Table 2. The frequency
of utilisation of these methods was difficult to estimate since it
depended, in most cases, on the presence of pests.
3.7

3.5
Field Establishment
A hundred seedlings of each species, namely A. angustissima, C.
calothrysus, C. cajan and L. leucocephala, were given to eight
farmers in Chikwaka in the 1994/95 season by ICRAF. New fodder
tree species such as Leucaena pallida, L. shannonii, L. trichandra,
and Sesbania sesban, were introduced in the 1995/96 season
(ICRAF-Zimbabwe, 1997). Each farmer planted, on average, 597
seedlings of one of the species depending on seedling availability
and preference. Farmers were reported to be expanding their
fodderbanks.

% Frequence of occurance

60
50
40

52.3
48.8

34.9

30

27.9
23.3

26.5

21.7

20.9

20

16.9

14

9.3

10

3.5

0
Poor (<50%)

Low (75-50%)

Moderate (90-75%)

High (>90%)

Survival
Polythene tubes

Bareroot

Beds then Polythene tubes

Figure 2. Field survival of seedlings raised by different nursery
methods

Incompatibility of Fodder Tree/Star Grass (Cynodon
Nlemfuensis) Intercrop
An intercrop of fodder trees and star grass (C. nlemfuensis) was
identified, though at two farms only. Incompatibility of the two
components was very evident as noted from low vigour and high
fodder tree mortality. Poor tree establishment in the intercrop could
partly have resulted from a higher competitive advantage of C.
nlemfuensis, which smothers other plants with its long vigorous
stolons and presumably has a high root length density compared to
the legume tree component (Bowen, 1985 cited by Shelton, 1994).
Average L. leucocephala yields in the intercrop at these two farms
in Chikwaka Communal Area, with a tree spacing of 1m x 1m, was
only 0.2t DM/ha of leaves.
3.8
Poor Defoliation Management
Cutting heights as low as 2 cm above the ground were measured at
some farms in Chikwaka, and averaged 27+14 cm. Stur, Shelton
and Gutteridge (1994) postulated that the subsequent growth of
cut or browsed fodder trees depends on availability of active
meristematic tissues or buds, the amount and photosynthetic
capacity of residual leaf area and the mobilisation of carbohydrates
and food reserves from the plant material that remains after
defoliation.
Most farms did not have a properly planned browsing management
system, where intensity and frequency of browsing are controlled.
Farmers highlighted constraints of high tree mortality due to
breakages, fodder wastage as edible material fell to the ground
and poor coppicing. Poor coppicing was related to over browsing.
Harvesting of fodder trees was mostly done by cutting the branches
using axes and saws. Problems of stem splitting, leading to rotting,
and bark stripping which lead to poor tree regeneration, are some
247
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of the foreseen consequences of using axes. Observations made at
the University of Zimbabwe farm showed that stem splitting during
harvesting increased incidences of tree dieback, especially in C.
calothyrsus (Mawoneni, 2001). Although, farmers did not mention
problems of bark stripping and stem splitting during the formal
survey, many incidences were observed.
The intensity of harvesting varied from complete defoliation to
lenient defoliation (>75% of the canopy left). Thirty-five percent
of the farmers defoliated their trees completely whilst forty-two
percent severely defoliated their trees (<25% of the canopy left).
Thirteen percent of the farmers removed almost half (25-50%) of
the tree canopy. Farmers left some leaves in order to hasten tree
growth. Studies done at the University of Zimbabwe (Matimati,
1999) showed that high yields of fodder are obtained when frequent
but lenient defoliation schemes are followed.
Table 2: Pest control innovations
Innovation
Source
Water from
Mrs Shonhiwa
cleaning fish
(Chikwaka)
Detergent or
Mrs Shonhiwa
soapy water
(Chikwaka)
Tagetes minuta
Mrs Muronzi
(Guruve)
Tagetes minuta
(mbanda)

Chikwaka

Tephrosia sp.
(mtukua)

Chikwaka

Lantana camara

Mr Chitewe
(Chikwaka)

Solanum incanum
(Bitter apple/
nhundurwa)

Mr Nyamande
(Chikwaka)

Preparation Method
Use water remaining
after cleaning fish
Dissolve detergent
or soap in water
Mix paraffin, crushed
T. minuta leaves,
ash and store 7 days
in airtight container.
Mix crushed T. minuta
leaves with cattle urine
and store for 5 days.
Crush Tephrosia leaves
and soak for 24 hours.
Use the filtrate.
Mix 1 part crushed lantana
leaves with 2 parts of water
and leave to ferment for 7
days in an airtight container
Slice a handful of S. incanum
fruits, 5 ripe lemons into 4
litres of water. Crush and mix

3.9
Uncontrolled Browsing
Fodder tree establishment and subsequent productivity in the field
is greatly hampered by uncontrolled browsing from both goats and
cattle. Inadequate fencing material was cited as the greatest
constraint in fodder production. Local reports on fodder tree
establishment (Maasdorp, 2000; Hove, Chakoma and Nyathi, 1999)
highlighted uncontrolled browsing by livestock and wildlife
herbivores as the major constraint to fodder production. However,
some farmers have come up with innovations aimed at preventing
stray animals from destroying fodder trees. Cow dung emulsion or
slurry was reported by one of the farmers (M. Shonhiwa, pers.
comm., 2000), to be effective in deterring goats and cattle from
browsing fodder trees, when sprayed on the leaves. Farmers could
not estimate the period of deterrence as it depended partly on other
factors such as frequency and intensity of precipitation, which
removes the slurry. Spraying a water leachate extracted from soaked
goat droppings provided short-term protection against uncontrolled
browsing. However, the two methods can only be used when tree
regrowth is still too young for harvesting. Late treatment of fodder
tree leaves reduces the acceptability of harvested fodder.
3.10
Use of Tree Fodder
Farmers indicated that they were inadequately informed about feed
formulations that incorporate tree fodder. It is recommended that
farmers be assisted in stockfeed analysis and feed formulation.
Potential sources of expertise include organisations such as Dairy
Development Programme, ARDA, Livestock Development Trust,
Agricultural Research and Extension and universities.
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4.0
Conclusions
The scale of fodder tree production was related to the total arable
land, which confirmed the role of availability of arable land in
determining fodder bank adoption. Smallholder dairy farmers faced
constraints in fodder tree production and utilisation. Major
constraints encountered were poor tree survival, pest problems and
uncontrolled browsing. Common pests encountered in the nursery
were termites, rodents, Leucaena psyllids, cutworms and crickets
(the latter two in seedbeds). During field establishment termites
were a particular problem. Innovative farmers were utilising
homemade mixtures, that included derivatives of readily available
Lantana camara, Solanum incanum, Tagetes minuta and Tephrosia
spp, to deter pests, especially termites. Homemade deterrents were
also used to curb uncontrolled browsing from stray animals and
wildlife due to inadequate fencing. Farmers recognised
overbrowsing as related to poor coppicing and tree mortality, There
Pests controlled
Termites

Comments
Drench the trees

Psyllids and
leaf pests
Termites

Drench the trees

Termites

Drench the trees

Termites

Drench the trees. Works
soon after spraying,
even if followed by rains.
Filter the solution
and use the filtrate as
a drench

Termites

Termites

Pour mixture around the trees

Drench the trees

is need for local authorities to evoke by-laws that limit the
unrestricted movement of stray livestock in order to curb the high
levels of uncontrolled browsing. Too intensive cutting, and stem
damage caused by axe harvesting, were also contributing factors.
Labour shortage associated with high demand periods, such as
cotton picking, was a constraint to tree establishment and
subsequent weeding and harvesting, though alleviated by hired
labour in some cases. Farmers lacked information on feed
formulations that incorporate tree fodder.. Farmers need assistance
in stockfeed analysis and feed formulation for sustainable milk
production.
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