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CONTEXT AND SUMMARY
OF THE WORKSHOP

BACKGROUND
The background to the network and progress until late 1990 were described
in the report of the previous AFRICALAND review meeting in March 1991
(Network Document no.l 1992). The current report pertains only to the meeting
which took place in June 1992.
SEMINAR PARTICIPATION A N D P R O G R A M M E
Participants
A total of 28 participants took part in the workshop, held in Accra, Ghana,
from 11 to 13 June 1992. The workshop was organized jointly by IBSRAM and
the University of Ghana, Legon. The participants were representatives from
the seven countries cooperating in the network: Ethiopia, Ghana, Kenya,
Nigeria, Tanzania, Togo, and Zimbabwe. In addition there were representatives from IBSRAM, ICRISAT, SMASS-SCS (USA), and ODA. (Appendix I).
The members of the organizing conrutnittee were Professor Dr. Y. Achenkorah
(chairman); Dr. S. Duah-Yentumi (secretary); Dr. E. Pushparajah and Dr. J. W.
Oteng (members); and Professor D. K. Acquaye and Dr. M. Latham (advisors).
Programme
The papers presented at the workshop included progress reports of trials in
cooperating countries and overview papers by ICRISAT, ILCA, and IBSRAM. A
specialist paper addressed the issue of soil and climatic variability at the
network sites. In addition, a field visit and a review of network activities and
future approaches were also discussed. A programme of the workshop is given
in Appendix II.
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Presentation of country reports and papers
It was reported that in Ethiopia in 1991 the use of broad beds using
traditional equipment ('maresha') resulted in higher yields than planting on
the flat. More recent studies have shown that the use of an improved broadbed
maker (BBM) developed by ILCA leads to better landshaping, and hence
higher yields than can be obtained on traditional broad beds. With improved
soil management practices, responses to N and P fertilizers are also higher. A
fallow with legumes, in particular Mellilotus altisimus (which gave a straw
dry-matter yield of 4 t ha'^ for fodder) appears to hold promise for promoting
the yield of a subsequent wheat crop. Another paper reported the results of a
survey on determinants in fertilizer use. Rainfall distribution, farm sizes, and
punctual delivery of fertilizers were primary factors.
One of the papers from Ghana discussed the methods and approaches in the
ongoing socioeconomic survey of Vertisol farmers in the north and on the Accra
Plains. A second paper showed that the use of a modified cambered bed
increased yield by mere than two-and-a-half times that obtained on the flat
(2215 kg vs. 850 kg ha'^), particularly during the major season from June to
August. A modified low-ridge system was not as effective as the cambered
beds, but was still better than planting on the flat.
In Kenya, the 1991 annual workshop report showed that the creation of
drains to isolate the plots had probably provided sufficient drainage, thus
resulting in no differences between planting on the flat and planting in any of
the other land-shaping systems. Thus for the 1991 season, additional plots
without any drainage (or isolation drains) were set up to simulate farmers'
practices. The results of the two cropping seasons in 1991 (long rains from
February to June 1991 and short rains from October 1991 to January 1992) showed
that the provision on surface drains alone was as efficient as any of the landshaping systems, and gave a higher yield of maize than the farmers' practice
of planting on the flat without any drainage (about 4040 kg vs. 2210 kg ha"^ in
the long rains, and 2460 kg vs. 1640 kg ha'^ during the short rains). Landshaping did not provide additional benefits with crops of cowpeas or sunflowers.
In Nigeria, late planting due to difficulties in the trafficability of the soil
at the onset of the rains and their early cessation resulted in crop failure.
However, the results indicated the beneficial effects of BBFs over planting on
the flat. Germination of maize ranged form 25 to 35% on the flat to 80 to 100%
on BBFs, while for cotton the figures were 5.5 to 41% on the flat and 55 to 100%
on BBFs, thus demonstrating the beneficial effect of the BBFs. General vigour
was also better on the BBFs, possibly due, in cotton, to deeper root development
(30 cm on BBFs vs. 23 cm on the flat), the deeper rooting possibly reflecting the
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depth of the topsoil. The need for weeding in the first month of planting was
reduced on the BBFs (9 man-hours on the flat vs. 2 on the DBFs).
In Tanzania, cambered beds led to higher yields of maize and cotton than
other land-shaping systems tested. The maize yield was 2944 kg ha'^ in
cambered beds vs. 1969 kg ha'^ on the flat, and the cotton yield was 1513 kg vs.
1066 kg ha'^ of seed cotton.
In Zimbabwe, despite the low and poor distribution of rainfall in the 1990/
91 season, relatively good yields of sorghum were obtained; yields in the 1-m
tied furrows were 2448 kg ha"^, while those on the flat were 1911 kg ha'^
Yields of maize were low: 805 kg ha'^ on the 1-m tied furrows and 486 kg on the
flat. A critical evaluation of results also showed that not only the type of crop,
but also the management of the crop after the harvest influenced the residual
soil moisture and hence the performance of the succeeding crop. The use of tied
furrows has already been adopted by over a hundred farmers. A survey of
adopters and nonadoptors of the tied-furrow technique was also undertaken. An
enterprise budget over eight seasons with cotton was carried out, which showed
that growing cotton on tied furrows gave better returns than planting on the
flat.
A paper from ILCA discussed the prospects of increased production on
Vértisols by sequential or mixed cropping. Another paper traced the sequential
development of appropriate technologies for the management of Vertisols, and
the transfer and achievements of these technologies in Ethiopia.
The paper from ICRISAT, while considering soil water management in
Vertisols in general, highlighted the need for a better understanding of the
depth of soil to the water table during the growing season. This is important as
the height of landshaping (e.g. in BBFs) would have to be adjusted to match
the water table. A paper by Dr. Eswaran emphasized the variability of
rainfall distribution, the microvariability of the soils on experimental sites,
and the importance of detailed observation of these characteristics.
An overview of network activities given by IBSRAM summarized the main
findings as:
• Actual distribution of rainfall and not total rainfall is important.
• Depending on rainfall and its distribution, there is a need for water
conservation, or for the removal of water, or for the removal of water during
the early part of the growing season, and for water conservation at later
stages. These measures should be an issue not only at the farm level but also
on a catchment basis.
• In zones where network activities are being conducted, risk management,
particularly with regard to uncertainties of rainfall, is an important
component. An adjustment of the population of plants used would be a
possible approach.
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Field visit
A field visit was made to the trial site at Kpong. The participants were
able to see the beneficial effect of landshaping (modified cambered beds) on
the vigour of maize. The maize on the flat grew very poorly, due to excess
water. The effect of soil variability on growth was also evident.
In addition, the participants visited Kpong Farms Ltd., a commercially
managed farm which is a subsidiary of the Volta River Authority. The farm,
situated mainly on Vertisols, is involved in growing irrigated rice and in
managing an integrated animal production enterprise (fodder, raising cattle,
and processing meat and meat products). In the cultivation of rice, the major
problems encountered were weeds and bird damage.

REVIEW OF THE NETWORK
The participants reviewed the activities of the network and identified the
following as common problems faced or experienced by the cooperators:
• Land preparation - particularly with respect to the timing of operations
and the availability of appropriate equipment. Postharvest tillage could
be considered as a potential option.
• On-farm research - notably aspects of security in relation to pest damage
(grazing animals in particular) and accessibility.
• Variability of rainfall - this calls for emphasis on risk management.
• Plot size - experience shows that there is a need to have a minimum plot
width of 9 m. Often gilgais have a diameter of up to 3 m, so the proposed
width should allow for the effect of gilgais. Where tractors or animaldrawn implements are used, a minimum plot length of 20 m was advocated.
Where cambered beds or broad beds and furrows are used, the inclusion of a
minimum of two beds per plot was considered necessary. In the case of cambered
beds, the recording area should be from the top edge of one cambered bed to that
of the other, while for BBFs the preferred recording area would be from the
middle of a furrow, through two beds with a furrow in the centre, to the middle
of the third furrow.
• Soil variability - particularly in trials on Vertisols. This was accentuated
by gilgais/depth of slickenside horizons. The growing of uniform crops, and
mapping by measuring the variable growth of the crop, was considered to be
an optional method.
• Landscape management - in draining Vertisols, the work cannot be conducted on farms on an individual basis as this would be detrimental to
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neighbouring farmland. Such issues need to be addressed on a catchment
basis.
• The need for strategic research, management of data, and modelling were
considered to be of growing importance as the network progresses.
• Coordination - the cooperators indicated that the lack of a coordinator has
led to some shortcomings: a network needs coordination to facilitate communications between cooperators and to ensure the provision of adequate
backup support.
• Linkage between cooperators - the annual meeting is an important forum,
but there should be other avenues for closer interaction.
• Other problems noted included pest damage, weed competition, and the
need to adjust the height of beds.
The participants emphasized the urgent need for donor support to ensure
that network activities could expand, and thereby provide extremely valuable
technologies for use by smallfarmers working on Vertisols in Africa.
A representative of a donor group present at the meeting indicated that his
agency saw a bright future in collaborative networks which aimed not only at
finding a solution to problems, but also aimed at strengthening the capacity of
NARS. He indicated that he was pleased with the progress in the network
and with IBSRAM's role in facilitating the network. He also made the point
that there is a need to make the network more marketable to attract donor
support.
Recommendations
The network, aimed as it is at smallfarmers, is already providing valuable
results, some of which are being extended to the farmers; more benefits are
expected to acciue. The findings from the network will benefit not only the
participating countries but also others with similar environments.
With this background in view, the participants at the workshop reiterated
that there is an urgent and critical need for support for the national projects,
coordination, and some strategic research. They recommended that donor support be sought to ensure that the momentum of this initiative on the
management of Vertisols in Africa is not disrupted.

E. Pushparajah
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INTRODUCTORY ADDRESS
K.A. HAIZEL
Deputy Director General
Agricultural Research, CSIR

Mr. Chairman, Vice-Chancellor, distinguished ladies and gentleman:
I am grateful to the organizers of this meeting for inviting me to make a
statement. It gives me the opportunity to introduce you to Ghana's effort at
improving the management of research, and will perhaps make it easier for you
to place your own efforts in perspective.
' This week, as the Earth Summit on the earth and its environment is still in
session in Rio de Janeiro, we are especially aware of the need for achieving
sustainability in agricultural development. It was this nation's concern about
sustainability that led to the launching of the National Agricultural Research
Project (NARP) in the latter part of last year as part of Ghana's Agricultural
Services Rehabilitation Programme. It is significant because, out of perhaps
disenchantment, in the past two decades agricultural research in this country
has enjoyed very little sympathy and support from the government.
A review of the national agricultural research system carried out in 1988
revealed that agricultural facilities were not in good order, that funding was
grossly inadequate, and that library facilities had deteriorated. As a
conquence, the management of research had deteriorated, and a significant
exodus of scientists had occurred.
The NARP was instituted with the following objectives:
to rehabilitate the means of carrying out research;
to make research relevant to the needs of the farming community;
to improve information management for research work and strengthen
linkages between research and extension; and
to develop a local capacity for excellence in research and training in our
universities.

Also: Head, Technical Secretariat, National Agricultural Research Project (NARP).
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One of the highlights of the project is the creation of a National
Agricultural Research Committee (NARC) in the Ministry of Finance and
Economic Planning to facilitate funding arrangements; but the NARC is serviced
by a Technical Secretariat in the Council for Scientific and Industrial Research
(CSIR), which is responsible for all research institutes of this sort. The NARC
decides national policy on agricultural research and the allocation of resources
for the research. By linking policy with resource allocations, the NARC will
be in a better position to influence decisions regarding the type of research
which is to be conducted. The project has also instituted a research grant
scheme applicable to universities whose status as a source of trained manpower
may attract contracts for the national research effort.
This project is supported in large measure by loans from the World Bank. It
is not entirely an accepted norm for African countries to borrow money for
research, which could bo - indeed has been - a matter of concern at international
meetings. We have to realize, however, that borrowing for research should be
accompanied by a commitment that it will result in a restructuring process,
which in both an organizational and moral sense will provide an environment
congenial for research. This brings into focus the whole business of research
funding in resource-poor developing countries. The Special Program for African
Agricultural Research (SPAAR) has shown an interest in analyzing this
problem, and has initiated some experiments in the Sahel and central Africa in
order to obtain a clearer view of the difficulties and possibilities inherent in
the type of situation which we face in Ghana.
So far, most of the successful agricultural research projects we have
experienced here have been attributed to sustained funding from donors. So we
have to think of funding on a sustained basis as a factor in the development of
indigenous research capability.
Although the government in Ghana fully appreciates that research, rather
than routine adherence to time-honoured methods, is the way forward, and is
determined to continue with donor-initiated research projects, funding is not
going to be easy until there is some overall improvement in the economy of the
country. It is my plea, therefore, that donors should adopt a more flexible
approach to long-term funding of research projects, even if this means changing
stipulated time spans for project funding, especially in the case of projects
which could obviously benefit from more long-term support. A successful project
not only helps the recipient country, but also brings credit to the donor, and in
many cases to countries faced with similar problems.
The Technical Secretariat of the NARP is currently trying to develop a
medium-term research plan for Ghana. This plan has been prepared with the
idea of allowing Ghana's resources of to be exploited without damage to the
environment, and with valid expectations of sustainable prospects.
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At school I was taught that in such ventures the soil comes first. I hope
that this principle is still maintained in the relevant educational institutions.
At school, in this very University to be exact, my attention was drawn to the
peculiarities and the enormous potential of Akuse Black Clays, which will
feature in your discussions at this workshop. I would like to think that, by your
efforts, some special attention would be given to the value of these soils, and
that thereby we would reap the full benefit of their potential in agricultural
production.
It is gratifying to learn that IBSRAM is drawing attention to these soils in
many countries by means of its Vertisols network, which includes Ghanaian
scientists as well as using other scientists from the agricultural community.
Successful agricultural production, after all, is ultimately dependent on close
interaction between researchers and donors, in the congenial facilities provided
by a forum of this sort. I wish you well in your deliberations, which I am sure
auger well for the future of our combined efforts in developing sound
agricultural practices.
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WELCOME ADDRESS
MARC LATHAM
Director General, IBSRAM

The Pro-Vice Chancellor of the University of Legon, Professor Akyeamping,
the Deputy Director General CSIR, Professor K. A. Haizel, collaborators of the
Vertisol network, and gentleman:
It is a great pleasure to be here in Accra with you at the sixth workshop of
the network on the management of Vertisols in Africa. My thanks go first to
the organizing committee of this workshop and to Professor Acquaye, who since
1986 has been a strong supporter of the network. We have had meetings in such
different places as India, Kenya, Ethiopia, Zimbabwe, and then Kenya again.
It is good this year to have a change and to come to the African West Coast in
Ghana.
The IBSRAM-Ghanian Vertisol project is one of the oldest in the network.
It started, like many of the other projects in this network, with dedicated
scientists and/or little seed money. A first socioeconomic survey of the farmers'
practices in the Accra Plains showed how the farmers organized their
strategies in this difficult environment. Based on these results, a first
experiment took place to test some improved techniques. Now, with ODA
funding, the project is building up momentum. David Acquaye and his
colleaques have to be congratulated for the perseverance and for their
confidence, which is now being rewarded.
The conditions of the project in Ghana in the Accra Plains are somewhat
different from those of the other sites in the network. Here the climate is more
humid than in most other sites where Vertisol experiments have been settled.
Soil and water management is still the target, but in a different way. Drainage
is the most important target here, as waterlogging can be a major difficulty
during the rainy season. We will see this tomorrow during our visit of the
experimental site.
Last year, I told you that we had some difficulties in maintaining the
activities of the network due to a lack of donor support. Unfortunately, the
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situation has not changed. We are still seeking funds and diverting some of our
other funds to maintain this project.
At the same time all the visitors to this network have emphasized the
relevance of the work and of the results. Our board is highly committed, and
during its last meeting in Kenya they asked me to make every effort to
maintain this activity and to find some support. So I am trying again to find
the required support. The nordic countries and UNEP have indicated an
interest. Dr. Sant'Anna, who will be with us on Saturday, has urged us on
behalf of FAO to maintain this activity. The presence of Roger Smith from
ODA may also help in the search for donor support.
Vertisols are too important in Africa to be left without proper utilization.
At a time when the major heads of states are discussing the expenditure of
billions of dollars in Rio to save the rainforests or to find ways of decreasing
carbon dioxide emissions in order to prevent global warming, immediate
problems of food and agriculture production should still be the first priority.
Vertisols are located in very sensitive places where food is scarce and the
environment is fragile. They can be a very notable resource in remedying scarce
food supplies. Let us make a wish that we will find the necessary support to
maintain the activities of this network and that we will find solutions which
will help farmers to better use these soils. Some success has been achieved in
Zimbabwe and Ethiopia, where farmers are using improved techniques. We
have seen, during our last board meeting in Nairobi, that farmers are picking up
some of the techniques tested in the project. We should piersue our efforts and
make this network realize its full potential for agricultural development in
Africa.

12

OPENING ADDRESS
DA. AKYEAMPONG
Pro-Vice-Chancellor of the University of Ghana, Legon

Mr. Chairman, Director of IBSRAM, Dean of the Faculty of Agriculture, Legon,
participating scientists, ladies and gentlemen:

m

I am indeed grateful to the organizers for inviting me to address this
workshop on the management of Vertisols in Africa. I have been informed that
your group is a network involving cooperators from other African countries, and
that your main goal is to develop applied research for improved and
sustainable soil management technologies to increase food production on the
Vertisols in Africa. Such cooperation between African scientists on issues such
as Vertisol management is welcome, and I hope it will continue.
I am also happy to note that the Department of Soil Science of the
University of Ghana is associated with the network, and that the Institute of
African Studies of the University of Ghana is also collaborating by carrying out
studies on the sociocultural framework of farming on the Vertisols of Ghana.
The interdisciplinary nature of the project is noteworthy and must be
encouraged.
In Ghana, Vertisols cover some 172 000 ha, which is about 2.5% of the total
land area. Interest in their development started in the mid-1940s, after which
experts recommended their suitability for rice, sugarcane, and irrigated cotton.
To generate information for large-scale agricultural development, the Ministry
of Agriculture, with the assistance of FAO, established in 1954 the Agricultural Research Station at Kpong, which became the base of the Vertisol
project. Four years later, the administration of the station was transferred to
the University of Ghana.
Although the University's Agricultural Research Station at Kpong has
worked out a scheme for tilling Vertisols, our farmers still dislike these soils apparently because they are difficult to cultivate with hand implements.
JMechanized agriculture is too expensive for farmers in Ghana as they have
little or no access to bank loans. For example, a recent survey conducted by the
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Department of Soil Science on the Vertisols of the Accra Plains showed that
most farmers cannot cultivate more than 0.5 ha each of these Vertisols.
The station's research into the production of cotton, cowpea, soybean,
pineapple, sorghum, sugarcane, rice, and other corps on Vertisols has yielded
very positive results. In spite of this, the productive potential of Vertisols in
Ghana has still not been realized. It is therefore noteworthy that one of the
research objectives of the International Board for Soil Research and
Management is to learn how to manage Vertisols in Africa, because they cover a
large area of this continent. This, it seems to me, is a very important
contribution, since in agricultural development it is necessary that major
attention should be given to small-scale farmers, who normally have to contend
with marginal lands for the cultivation of their crops. The resource-poor
farmers of sub-Saharan Africa are left with no other choice than to overuse
resources in order to survive. In this way they sometimes impoverish the
environment, which in turn further impoverishes them, thereby making
survival more difficult and uncertain for them as time goes on.
According to a report entitled Food for the Future, there is a systematic bias
against small-scale farmers, ever though they are the people who produce the
bulk of Africa's food. Such farmers are often not encouraged by the very people
whose job it is to help them, because it is assumed that they will resist
attempts to change their conventional practices. I am glad that IBSRAM does
not take this attitude, but on the contrary seeks to address the interests of the
small-scale farmer.
Women farmers are even more neglected than their menfolk, despite the
fact that they are responsible for the production of 80% of Africa's food. Every
effort must therefore be made to increase women's participation in all facets of
agriculture, and I believe the management of Vertisols will help in this regard.
It is in the light of this that I commend the involvement of the Institute of
African Studies of the University of Ghana in this project. Their studies on the
socioeconomic role of women who utilize Vertisols for farming should help all
those who continue to avoid these soils.
I wish to suggest, Mr. Chairman, that the researchers involved in the
network should place emphasis not only on pure research, but also on aspects of
the study which will help them to understand the technical, social, and
economic constraints faced by the African farmer. They must try to develop new
techniques and ideas that can be adopted by small-scale farmers.
I am sure that at the end of this three-day meeting, participants will go
back to their various countries more informed about each others' successes and
failures, and be strengthened in their motivation and determination to utilize
these soils for the benefit of their respective countries. Again, I am happy to
note that, through this network, participants here have become a 'think-tank'
from which various African governments can draw expert advice on matters
14

relating to the utilization of the Vertisols on the continent, with due regard to
the skills and resources of the farmers.
As already indicated, the potential of Vertisols for agricultural production
is high, and there is much scope for increasing their yields. These soils present
both a challenge and an opportunity for both small- and large-scale agricultural development. This can only be realized if appropriate technologies are
developed through research
Mr. Chairman, on behalf of the participants I would like to take this
opportunity to thank IBSRAM for organizing this important workshop at a
time when Africa is searching for appropriate technological solutions to
resolve its food crisis. I also wish to express my sincere thanks to the British
Overseas Development Administration (ODA) for providing funds to support
the Ghana project.
Let me end by wishing you every success in your deliberations, and to wish
those of you who are visiting this country a happy stay in Ghana.
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SECTION I
COUNTRY REPORTS

Improving the management of
Vertisols for sustainable cropping report on the major season trial with
maize on Vertisols of the Accra Plains
S. DUAH-YENTUMI*, OWUSU-BENNOAH*, J. W. OTENG+
D.D. ACQUAYE* and Y. AHENKORAH*

Most farmers on the Accra Plains utilize Vertisols for the cultivation of
maize and other crops. In the major rainy season, the Vertisols are liable to
flooding, and plant growth is severely affected by planting on flats. In the
minor season, however, one of the problems faced by most farmers is how to
conserve moisture for efficient utilization by crops. There is the need to develop
appropriate land-shaping technologies to increase the productivity of the
Vertisols in Ghana. The paper reports the growth and yield of maize on
modified cambered beds, ridges, and flats in the major season. The results show
that the highest yield of 2215 kg ha'^ was on cambered beds, and this was about
260% of the yield obtained by planting on the flat.
Vertisols are used for the cultivation of a large variety of crops grown in
the Accra Plains, the major ones being maize, cassava, rice, and pepper (OwusuBennoah and Duah-Yentumi, 1989). Their coverage on the Accra Plains is
estimated to be 72 000 ha (Brammer, 1967), while in the interior savanna zone
they cover some 180 800 ha (Adu and Stobbs, 1981). In Ghana these soils are
found on slopes ranging from 0.1-1% and therefore in the major rainy season it is
not uncommon to see floodwater on the Vertisols giving rise to stunted growth of
maize and other crops.
The management technology employs various land-shaping arrangements
to promote drainage of excess water from Vertisols to ensure successful
Department of Soil Science, University of Ghana, Legon, Ghana.
University of Ghana Agricultural Research Station, Kpong, Ghana.
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cultivation of plants. This technology has been developed on similar soils
elsewhere (Kanwar and Virmani, 1987; Jutzi and Abebe, 1987).
Most farmers in the Accra Plains cultivate the soils during the major rainy
season, and a few attempt to plant a second crop in the minor season. It is
envisaged, however, that continuous use of Vertisols for sequential cropping is
possible in the coastal savanna zone of Ghana if appropriate landforms could
be developed to drain excess water in the major season, while at the same time
ensuring storage of water for subsequent use by short-duration crops in the minor
season. Preliminary results of minor-season trials of maize on Vertisols using
modified cambered beds, ridges, and flats have been presented in an earlier
report (Duah-Yentumi et al, 1992).
In this report, the results of the effects of the three landforms on the
growth and yield of maize on Vertisols of the Accra Plains in the major season
are presented. Future experiments which will be carried out to help in
achieving the overall objectives of the study (indicated below) are also briefly
mentioned.

Objectives
The overall objectives of the study are to plan and carry out field trials
over an initial three-year period to test under local conditions soil management
and tillage techniques which have been successfully used on sinnilar soils
elsewhere. The research is designed to test the effect of landforms on the
infiltration and storage of moisture, and to determine the sequential cropping
system which will make the fullest use of the available water.

Background
Owusu-Bennoah and Duah-Yentumi (1989) conducted a survey on agronomic
practices and cropping systems on Vertisols of the Accra Plains. The report
made it clear that most of the farmers plant on flats, and land preparation in
the major season begins at the onset of the first rains from mid-March or early
April, which indicates that the farmers are eager to tap the full potential of
the first rains.
If was found, however, that the yields of the various crops in farmers'
fields were low compared to those obtained from the University Research
Station at Kpong. Furthermore, initial trials carried out in the minor season
when moisture conservation was essential showed that the growth and yield of
maize was better on modified cambered beds than on ridges and flats. This
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report is therefore a follow-up study in the major season when rainfall is
heavier.

Methods
The three landforms of the minor season, i.e. modified cambered beds,
ridges, and flats, were maintained. The field was slashed by a rotary slasher
mounted on a tractor. Local hoes were used to reshape the broad beds and ridges
of the previous season.
Each plot size was 6 m x 15 m. The plots were sown with maize {Zea mays
var. Safita 2) on 7th June 1991 at a spacing of 80 cm x 40 cm. An allocation of two
plants per hole was maintained after germination to give a plant population of
31 250 plants ha'^. The experimental design consisted of a randomized complete
block design with three treatments and four replicates, as in the previous
season.
The plants received basal NPK fertilizer (15:15:15, N:P205:K20) at the
rate of 250 kg ha"^ 14 days after emergence, and were top-dressed with
ammonium sulphate (200 kg ha"^), 14 days after the NPK application. Initial
weed control was carried out by mixing "bladex", atrazine, and paraquat as a
preemergence herbicide. Subsequent weed control was done by hoeing. Seed
removal by patridges was observed before and immediately after emergence,
and bird scarers were used to control this damage. However, some grain-eating
birds were noticed in the field from seed formation until maturation.

Results and discussion
The results of the effect of landforms on the growth and yield of maize are
shown in Table 1. The growth of plants on flats within 45 days after seeding
was poor. Plant growth continued to lag behind on flats until maturity, but
growth was better on the modified cambered beds than on the ridges. The
cambered beds gave the highest maize yield (2215 kg ha"^) followed by that on
ridges (1504 kg ha*') and flats (851 kg ha''). The low yield and reduction on
plant height observed on flats are attributable to poor drainage. Plants and
ridges were badly affected by floodwater, which remained for 3-5 days on
these landforms. However drainage of floodwater was relatively faster from
the ridges than from the flat land.
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Table 1. Effect of landforms on the growth and yield of maize in the major season
Gune-August 1991).
Treatments
Modified cambered beds
Ridges
Hat

Plant height (cm)
45 days after planting At maturity
104.8
104.8
88.3

199.3
176.5
158.8

Grain yield
(kg ha"^)
2215.5
1503.6
850.8

Future workplan
The authors intend to carry out on-farm trials alongside the on-station
experiments. Both trials would involve planting maize on the three landforms
during the major season of 1992, followed by short-duration crops of cowpea and
okra; both in the minor season. The aim of these trials is to test the
performance of early-maturing crops such as cowpea and okra on these
landforms, especially with regard to their ability to use residual water in the
minor season.
The on-farm trials are designed to test farmers' acceptability of the landshaping technology, which would involve five farmers to cultivate the
Vertisols. Land preparation would be done free of charge for each of the
farmers, and they would be supplied with minimal inputs such as seed maize.
The trial would be wholly farmer-managed.
It is also proposed to carry out a survey of current land-use and agronomic
practices by farmers cultivating the Vertisols of northern Ghana.
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Management of Vertisols in semiarid
areas of Kenya: the effect of improved
methods of surplus soil/surface water
drainage on crop performance
F.N. MUCHENA and B.C. IKITOO*

Five landforms, with four improved methods of surplus surface and soil
water drainage and with flat cultivation as the control, were tested for crop
performance using four crops: a maize/bean intercrop, pure-stand maize,
cowpeas, and sunflower. The results of six seasons' cropping between the 1989
long rains and the 1991 short rains are presented and discussed.
Variation in crop performance over seasons could be attributed to
environmental factors. In particular, rainfall amount and distribution and date
of planting in relation to total available moisture had a considerable effect on
the crop performance. Maize, the most important staple food crop in the area,
showed the greatest sensitivity to the moisture status of the soil. Beans
suffered a drastic yield reduction, most probably due to shading and nutrient
competition from maize than from moisture stress. Cowpeas and sunflower
showed less-pronounced yield responses to the different landform treatments,
and also fewer differences between seasons. This was probably due to their
well-developed and efficient root systems. The crops may have compensated
for early-season loss in growth due to waterlogging by extracting residual soil
moisture efficiently from midseason to crop maturity.
Data on the soil moisture status indicate a declining moisture status in the
topsoil (0-30 cm) from midseason to crop maturity. In future experimental work,
more soil sampling for moisture determination will be required from midseason
to crop maturity.

Respectively: KARI - National Agricultural Research Laboratories, P.O. Box 14733, Nairobi,
Kenya; and KARI - National Fibre Research Centre, P.O. Box 298, Kerugoya, Kenya.
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The soils
Vertisols occupy about 2.8 million ha,which constitutes about 5% of
Kenya's land surface. Figure 1 shows the distribution of Vertisols in the
country. The bulk of these soils are found in the semiarid parts of the country,
which receive an annual rainfall ranging between 550 and 1200 mm, and are
being used for extensive grazing and crop production under both rainfed and
irrigated conditions. For crop production, Vertisols pose serious management
problems, particularly under rainfed conditions, and need appropriate
management packages to ensure their productivity.
The soils at the project site are poorly drained, deep cracking clays with
moderate to very coarse prismatic structure. The consistence is very hard when
dry, firm when moist, and very sticky and plastic when wet. The soils crack
when dry, with cracks varying from 2-5 cm wide to a depth of up to 50 cm and
more. They are classified as Pelli-Eutric Vertisols according to The Soil Map of
the World, Revised Legend (FAO, 1989), and as Typic Pellusterts according to
Soil Taxonomy (Soil Survey Staff, 1990).

Objectives
The Kenyan project is part of the Vertisol management research network for
the African region conducted by national research teams and coordinated by
IBSRAM. The objectives of the project in Kenya are:
- to test the effectiveness of various improved methods of surplus soil/
surface water drainage for improved productivity of Vertisols;
- to test and develop suitable animal-drawn implements for land-shaping
operations.

The project site
The project site is located near the village town of Gategi in the Karaba
area of Embu District, about 130 km northeast of Nairobi (9°19'N and 3°27'E).
The altitude of the site is 1118 m asl. The Mwea area in which the site is
located is classified within the semihumid to semiarid climatic conditions.
The agricultural potential under rainfed conditions is medium to marginal. The
rainfall pattern in the area is bimodal with an average annual rainfall of 850
mm. The long rains (March-June) average about 500 mm while the short rains
(October-December) average about 350 mm. The main features of the rainfall
are (i) a high degree of unreliability, with the date of onset varying by up to 20
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Figure 1. Distribution of Vertisols in Kenya.

27'

days or more and (ii) poor distribution, with half the total amount often
occuring in the first month of onset.

Materials and methods
Site characterization and soil sampling
A topomap at a scale of 1:1000 was used as a base map. Augerhole
observations were made in a grid system of 50 x 50 m covering an area of about 5
ha. The augers were made to a depth of 120 cm. A total of 20 augerholes and 3
profile pits were made for the purpose of characterizing and classifying the
soils. Other augerhole samples were also taken at depths of 0-30 cm and 30-60
cm for physical and chemical analyses. Sampling of soils to depths of 0-15 cm
and 15-30 cm was done for each subplot in the experimental plot and analyzed
for chemical fertility. Sampling for chemical fertility analysis is repeated at
regular intervals. However, sampling for moisture analysis is being conducted
every season at depths of 0-15 cm, 16-30 cm, and 61-90 cm at specific
phenological stages of the crops.
A second site has been identified in the Matuu area, and will be
characterized prior to laying down the experiment.

Experimental design
A 5 X 4 split plot design with four replications was selected to test five soil
management practices in the main plots and four types of crops and cropping
systems in the subplots (Table 1). Treatment SM5 (flat cultivation with
isolation drains) was initially intended to be the control. However, by the end
of four croppings (two each in 1989 and 1990) it was realized that the isolation
drains provided sufficient drainage for improved crop growth. Consequently an
extra block - SMg -was introduced in 1991 in which the flat cultivation had no
drainage (this was the actual control serving as an observation plot). Details
of the soils of the site, the original plot layout, and early results have been
reploted earlier (Ikitoo and Muchena, 1992).

Data collection
The following data are being collected and/or monitored:
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Table 1. Treatment combination and spacing.
Code

Treatment soil
management t

SMiCi
SM1C2

Ridges and furrows

Spacing of crop

Plant population
(number ha"')

Maize
Maize/
bean intercrop
Sunflower
Cowpeas

60 X 45 cm
60 X 45 c m /
60 X ?? 5 cm
60 X 45 cm
60 X 20 cm §

37033
37 033/
37033
37033
166 666

Broad beds

Maize
Maize/
bean intercrop
Sunflower
Cowpeas

90 X 30 cm
90 X 30 c m /
180 x20 cm
60 x 30 cm
60 X 30 cm §

37033
37 033/
17777
37 033

mill

Cambered beds

Maize
Maize/
bean intercrop
Sunflower
Cowpeas

90 X 30 cm
90 X 30 c m /
90 X 20 cm
90 X 30 cm
45 X 30 cm §

37033
37 033/
55556
37033
148 148

Furrows alone - flat
cultivation

Maize
Maize/
bean intercrop
Sunflower
Cowpeas

90 X 30 cm
90 X 20 c m /
90x 20 cm
90 x 30 cm
45x30 cm §

37033
37033/
55556
37033
148 148

Flat cultivation with
isolation drains

Maize
Maize/
bean intercrop
Sunflower
Cowpeas

90 X 30 cm
90 X 30 c m /
90x 20 cm
90 x 30 cm
45 X 30 cm

37033
37 033/
55556
37033
148 148

SM,C3
SM1C4
SM2C1
SM2C2
SM2C3
SM2C4
SM3C1
SM3C2
SM3C3
SM3C4
SM4Ci
SM4C2
SM4C3
SM4C4
SM5C1
SM5C2
SM5C3
SM5C4
t
X
§

#

Cropt

Main plot
Subplot
2 plants per point; in broad beds every 4th row was skipped
These treatments were introduced in 1991 and are outside the main experimental
block
SM5C1 to C4 : Flat cultivation - no drains or isolation drains (absolute control). As
in flat cultivation, SM5
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Agronomic data

Date of planting and emergence,
germination percentage, standcount, plant
count, etc.
Weather data
Rainfall temperature, relative
humidity, solar radiation, etc.
Soil morphological features Erosion, surface crusting, flora and fauna
activities.
Soil physical properties
Infiltration, moisture-holding capacity,
bulk density, etc.
Soil fertility
Plant tissue analysis and soil analysis.
Socioeconomic aspects
Yield, price at harvest, input costs,
labour costs, etc.

Svunmary of results and discussion
The results of crop performance over six seasons from the long rains of 1989
to the short rains of 1991 are presented in Tables 2-5, and the results of the soil
moisture status for different soil management practices taken over the last two
seasons, i.e. the long rains of 1991 and the short rains of 1991, are presented in
Tables 6 and 7. Due to the great variability in yield over seasons, it was
considered necessary to assess the effect of environmental factors (rainfall,
temperature, and radiation) on crop performance. An inventory of the rainfall
amount and distribution over the entire cropping period is presented in Figure 2.
Apart from the results of the 1990 long-rains season, the overall crop
performance may be attributed to the amount and distribution of rainfall and to
the date of planting. Comparing the rainfall pattern in Figure 2 with the crop
performance in Tables 2 to 5, it is clear that the study area is in a transition
zone where there is no obvious distinction between the long and short rains.
Although the total rainfall (478 mm) was high during the 1989 long rains, the
crop performance was poor due to late planting and initial management
problems. The total rainfall during the period of planting to harvesting was
only 210 mm. During the 1989 short rains (rainfall 543 mm), the 1990 short rains
(rainfall 446 mm), and the 1991 long rains (rainfall 448 mm), the crop
performance improved considerably due to the improved moisture status
achieved by early planting and improved management. The 1991 short rains
had relatively low yields when compared to the other three seasons, probably
due to the lower rainfall (393 mm) experienced over the cropping period. It
should be noted that so far it has not been possible, except in the 1989 short
rains, to plant the crop as early as desirable in all the seasons due to a lack of
appropriate land-shaping implements. Land reshaping with hand labour

30

Table 2. Grain yield of intercropped maize and beans.
Grain yield (kg ha"')
Method of soil
management

Long rains
1989
Maize Beans

Short rains
1989
Maize Beans

Long rains
1990
Maize Beans

Short rains
1990
Maize Beans

Long rains
1991
Maize Beans

Short rains
1991
Maize Beans

Ridges and furrows

435
-

408

2024
-

_
620

537
-

_
209

5499
-

.
662

3816
-

_
577

2085
-

_
521

Broad beds

442
-

_
355

1890
-

.
425

542
-

.
146

4615
-

_
470

3906
-

_
500

2084
-

_
591

Cambered beds

304
-

_
574

1960
-

_
639

361
-

_
216

5463
-

_
806

3560
-

_
744

2711
-

_
765

Furrows alone

489
-

_
285

2057
-

_
689

495
-

_
181

4164
-

_
981

3297
-

_
660

2738
-

_
973

Flat cultivation t

503
-

_
193

1890
-

_
487

445
-

_
137

5524
-

_
803

4226
-

_
674

2106
-

_
521

_
-

_
-

_
-

_
-

_
-

_
-

2328
-

_
521

1522
-

,
556

Mean

435

363

1964

572

476

178

5053

744

3627

613

2274

654

SE+

136

109

266

19

108

39

418

126

477

71

432

143

44

42

19

23

32

31

12

4

19

33

NS

*

NS

NS

NS

NS

*

If-

**

NS

Flat cultivation
(control)

CV (%)
F test (P = 0.05)

_
-

** = highly significant; * = significant; NS = not significant
t = with isolation drains

_
-

4.3

1.3

If-

*

Table 3. Grain yield of maize in pure stand.
Grain yield (kg ha'^)
\A^l.\,^A

„ c ^„;i

management

Long rains Short rains Long rains Short rains Long rains Short rains
1989
1989
1990
1990
1991
1991

Ridges and furrows
Broad beds
Cambered beds
Furrows alone
Flat cultivation +
Flat cultivation
(control)

305
367
733
497
645
-

2121
2121
2066
2082
1968
-

453
389
414
414
459
-

4206
4726
4837
5359
5136
-

3545
4128
2912
4907
4664
2210

2287
2294
2703
2440
2565
1640

Mean
SE+
CV (%)
F test (P = 0.05)

509
110
26
**

2072
182
12
NS

427
92
30
NS

4853
573
17
NS

3728
551
21
**

2322
385
4
*

** = highly significant; * = significant; NS = not significant
+ with isolation drains
Table 4. Grain yield of cowpeas
Grain yield (kg ha'^)
^yf^^V,«.-l ^(

-^;i

management

Long rains Short rains Long rains Short rains Long rains Short rains
1989
1989
1990
1990
1991
1991

Ridges and furrows
Broad beds
Cambered beds
Furrows alone
Flat cultivation t
Flat cultivation
(control)

765
931
806
888
1069
-

1510
1599
1704
1926
1599
-

556
653
578
626
570
-

2219
2566
2113
3097
2585
-

1807
2092
1981
1946
1835
2662

104
883
695
612
521
334

Mean
SE+
CV (%)
F test (P = 0.05)

892
106
17
NS

1668
106
9

597
92
22
NS

2616
411
18
NS

2054
259
18
*

525
213
2
»»

•

** = highly significant; * = significant; NS = not significant
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Table 5. Grain yield of sunflower.
Grain yield (kg ha'^)
management

Long rains Short rains Long rains Short rains Long rains Short rains
1989
1989
1990
1990
1991
1991

Ridges and furrows
Broad beds
Cambered beds
Furrows alone
Rat cultivation t
Flat cultivation
(control)

1229
906
1061
1569
1055
-

1779
1640
1751
1557
1223
-

765
695
681
689
500
-

2093
2719
2460
2152
2152
-

2349
2719
2766
2427
2316
2071

1411
1501
1626
1529
1668
1654

Mean
SE±
CV (%)
F test (P = 0.05)

1164
267
32
NS

1590
201
18
NS

666
94
20
NS

2330
204
12
NS

2441
220
14
*

1565
169
1
NS

** = highly significant; * = significant; NS = not significant
f
with isolation drains

takes 4-6 days after sufficient rainfall to wet the soil has occurred. This
process delays planting. During the 1989 short rains when the crop was planted
very early, the moisture was unevenly distributed in the soil profile, resulting
in poor germination. The entire crop was replanted.
With regard to individual crop performances, maize - which is the most
important staple food crop in the area - was the most sensitive to waterlogging
and moisture changes from flowering to crop maturity. This is clearly reflected
in the significant differences in the yield performance of both intercropped
maize (Table 2) and pure-stand maize (Table 3), between the treatments in the
main experimental block, and the isolated flat cultivation plots (control)
during the 1991 long rains and the 1991 short rains. This may be due mainly to
the maize roots being confined in the top 30 cm of the soil, which is most
severely affected by waterlogging early in the season and moisture stress late in
the season (Tables 6 and 7).
Beans flowered early and thus did not suffer much moisture stress.
However, the average yield remained low (363-744 kg ha-1), probably due to
shading and competition for nutrients from maize. The isolated flat cultivation
plot gave lower yields than the main experimental block in both seasons,
although in one season the difference was not significant. The fairly drought-
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Table 6. Soil moisture status for different soil management practices and different cropping practices.
Growth stages and dates t
Depth
(cm)

^

t

Ridges

Broad beds

Cambered bed s
and furrows
(SM3)
1
2
3

Furrows alone

1

(SMi
2

3

1

0-15
15-30
30-60
60-90

40.8
38.3
39.4
40.2

26.0
33.0
33.9
38.2

43.4
39.7
35.0
39.0

35.8
33.2
37.3
37.9

26.0
30.0
33.9
34.0

37.3
28.0
32.8
34.7

Maize/bean intercrop
40.1 24.6 415
40.1 25.1 44.8
39.7 30.3 34.3
33.3 28.9 33.3
35.6 32.6 30.0
38.9 33.7 39.3
395 34.2 325
39.3 35.0 38.6

0-15
15-30
30-60
60-90

36.3
37.4
39.4
38.5

25.6
30.2
32.9
40.3

38.8
355
34.6
37.1

36.9
33.3
37.2
37.7

25.0
29.2
32.2
38.5

37.0
28.1
33.1
38.1

38.0
35.8
35.9
36.4

24.8
28.1
30.2
31.1

0-15
15-30
30-60
60-90

34.1
36.5
39.9
38.9

26.4
32.1
36.0
41.5

45.7
40.9
37.9
39.2

385
385
40.1
38.2

27.3
32.0
38.2
38.5

41.8
33.9
355
38.9

41.6
41.2
39.1
39.8

27.9
34.3
35.8
37.5

0-15
15-30
30-60
60-90

41.7
39.6
39.6
36.6

23.2
27.6
30.7
32.2

41.7
37.2
305
33.0

41.4
38.8
38.3
39.6

24.8
27.3
29.9
32.3

405
27.8
29.4
315

38.7
40.0
38.1
395

(SM2 )
3
2

1

C o w p eas
42.4
43.0
38.9
41.2
31.4
40.8
32.8
40.3

(SM4)
2
3

Flat cultivation
- isolation drains
(SMs)
2
3
1

42.6
38.8
37.4
37.7

23.9
31.8
35.6
37.0

41.8
31.0
33.3
35.8

40.0
42.5
42.5
-

23.3
30.4
38.2
40.1

4Z6
39.7
36.5
38.7

24.2
31.1
33.4
40.2

43.2
32.4
31.4
36.3

38.2
36.1
37.9
37.2

23.3
275
32.1
375

43.6
34.1
33.0
38.8

40.5
36.6
40.3
-

26.4
29.3
325
38.2

37.1
28.73
34.3
36.1

42.3
38.8
39.9
41.7

26.4
31.6
34.7
37.4

375
33.2
35.9
37.6

41.3
42.3
39.7
38.8

27.7
34.0
37.1
40.2

44.5
37.3
36.7
35.4

37.7
44.6
42.9
-

30.8
35.0
40.3
40.2

39.4
36.1
37.7
38.2

Sunflower
235 37.9
41.3
28.8 36.2
37.4
30.6 31.2
37.7
31.7 30.2
38.3

25.1
30.4
32.0
34.3

43.7
32.1
30.9
31.3

38.6
41.1
39.3
45.2

25.4
30.9
325
35.0

46.3
34.7
32.6
33.6

4??,
42.7
40.3
-

27.4
31.6
335
36.1

39.4
35.7
32.6
35.4

Maize
425
40.2
35.4
37.2

1 = early stage (24 May 1991); 2 = middle stage (27 June 1991); 3 = maturity stage (18 October 1991).
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Flats and furrows
- cultivation drains
(SM5) - control
1
2
3

Table 7.

Crop and
soil depth
(cm)

Soil moisture status for different soil management practices as on 24-1-92 (%
W/W).
Ridges and Broad beds Cambered
furrows
and furrows
beds
(SM,)
(SM3)
(SM2)

Furrows
alone
(SM4)

Flat
Flat
cultivation t cultivation
(SM5)
(control)

0-15
15-30
30-60
60-90

28.0
34.1
38.4
41.4

M a i z e/bean intercrop
24.7
24.7
27.7
29.3
26.4
31.8
33.8
315
365
35.3
35.4
39.2

25.6
31.8
35.8
38.4

27.0
33.0
35.3
40.8

0-15
15-30
30-60
60-90

31.8
35.6
36.1
38.6

25.8
27.0
33.7
37.8

Cowpeas
27.7
30.3
305
34.9

30.2
33.9
39.1
42.3

27.6
31.9
37.0
41.6

29.0
34.8
37.6
40.1

0-15
15-30
30-60
60-90

29.2
33.3
37.8
41.6

26.2
31.1
35.7
37.0

Maize
28.1
32.6
36.1
375

26.0
31.7
355
42.1

29.4
33.9
38.4
39.8

28.3
32.3
35.1
39.7

0-15
15-30
30-60
60-90

26.3
285
32.1
32.3

35.3
26.8
29.3
30.8

Sunflower
23.9
27.3
31.6
31.9

27.9
31.0
31.7
335

27.3
29.8
32.1
34.2

25.8
27.9
305
32.2

With isolation drains.

tolerant cowpeas, which have a strong taproot system with spreading
laterials, appear not to have been affected much by waterlogging (Table 4).
This is probably due to the fact that loss in early growth was compensated for
by utilizing residual moisture in the lower soil profile late in the season.
However, waterlogging appears to increase the incidence of soil-borne diseases
and early establishment of cowpeas has been rather difficult. Soil-borne
diseases accumulate rapidly and wipe out the crop, as was reflected in the low
yields obtained during the 1991 short rains. Sunflower, with a highly efficient
root system, gave significantly lower yields in the isolated flat cultivation
plots (control treatment) during the 1991 long rains, probably due to water-
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logging early in the season, but did not give lower yields during the 1991 short
rains when there was no waterlogging (Table 5). This clearly indicates the
advantage of draining Vertisols for agricultural purposes under the prevailing
conditions at Mwea.
Data presented in Tables 6 and 7 indicate the declining moisture status of
the soil, especially in the top 0-30 cm, from midseason to crop maturity. In
future therefore more soil sampling for moisture determination will be carried
out from midseason to harvesting.
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Preliminary results on the effect of
improved management technology on
crop production on the Vertisols of the
Ngala Plains in Nigeria
R.I. MORDI, B. BABABE and B.K. KAIGAMA*

A preliminary field experiment to determine the effect of landshaping broad beds and furrows (BBFs) and flat cultivation - on rainfed yields of maize
(Zea mays var. TZESR-W), sorghum (Sorghum bicolor var. SK 5912) and cotton
(Gossipium spp. var. S77) on the Vertisols of the Ngala Plains was conducted at
Ngala, Nigeria, during the 1991 growing season.
Results indicate that there was no significant difference in the chemical
properties of the soils at the beginning of the growing season. The plots on the
flat have a higher bulk density and gravimetric soil moisture. The topsoil
values ranged from 1.400 to 1.472 Mg m'^ for bulk density and 0.324 to 0.401 g g-^
for soil moisture on the flat and from 1.143 to 1.350 Mg m-^ for bulk density and
0.135 to 0.229 g g-''- for soil moisture. Generally, residual soil moisture after
harvest was higher in the flat than in the broad beds. In relation to the crops,
soil moisture reserves were highest in the sorghum plots, and lowest in the
cotton plots.
The mean germination score was 16.1% and 72.8% respectively on the flat
and BBF plots. Root penetration was greater in the BBFs than on the flat,
which may be due to the improved drainage provided by the furrows. Mean
root length at 81 days after planting (DAP) ranged from 27.8 to 32.4 cm in the
BBF and from 22.1 to 23.7 cm on the flat. Biomass weight at 81 DAP per cotton
plant varied from between 132.99 to 158.75 g in the BBFs; and from between
90.85 to 158.39 g on the flat.

Respectively: Soil scientist. Lake Chad Research Institute, Maiduguri, Nigeria; Soil
scientist. University of Maiduguri, Maiduguri, Nigeria; and Agronomist, Lake Chad Research
Institute, Maiduguri, Nigeria.
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The Ngala Plains are part of the clay plains of the Chad lagoonal
complex, where the soils are mainly Vertisols and Entisols. The Vertisols of
the Lake Chad sediments are located in the Ngala and Marte plains, and are
spread over a land area of 81 995 ha. The Vertisols in the Ngala Plains cover
an area of 52 059 ha, or about 63.5%. Only a limited use is made of these soils
for food production, despite their high potential. Under local practices, the
soils are mostly grown to sorghum commonly known locally as "Masakwa", on
residual moisture. Irrigated production of wheat is also practiced on these soils
during the cool 'harmattan' season.
Lombin and Esu (1987) have pointed out that large Vertisol areas in north
eastern Nigeria are undercultivated as these soils, are difficult to till, and
have poor internal and external drainage. They suggested the use of ridges as a
management strategy for Ngala Vertisols. Folorunso and Ohu (1989) reported
that Ngala Vertisols have a high-water storage capacity. Also the nutrientretaining capacity of Ngala Vertisols is very high, and they are moderately to
highly base-saturated (Mordi et ah, 1991). They are promising as potential for
rainfed food production if properly managed.
In this study, the effect of landshaping - broad beds and furrows and on flat
- on rainfed yields with maize, sorghum, and cotton are being evaluated, giving
particular attention to sustainability factors.

Materials and methods
Study area
The Lake Chad Basin occupies an area of some 102 564 km^ in northeastern
Nigeria. It is located between latitudes 11°30'N and 13°30'N and longitude
8°45'E and 14°40'E. Ngala is located around latitude 12°20'N and longitude
14°11'E at an elevation of 289 m asl. The physical setting of Ngala has been
described in detail by Mordi et al. (1991).
The prevailing climate is semiarid tropical. It is characterized by a short
(3-4 month) rainy season and a long (8-9 month) dry season. The rainfall for
Ngala for 1991 is given in Table 1. The total precipitation for 1991 was 638.9
mm. Temperatures are high for about ten months, during which the mean
monthly temperature is generally above 25 °C. The coolest months are
December and January, with mean monthly temperatures decreasing to about
22 °C.
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Table 1. Rainfall (mm) at Ngala, 1991.
Month
Date
April
.
_
.
.
-

May

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

605
_
_

16.00

Total

34.08

80.00

June

July

August

3.03

21.00
28.00

2.00

14.00
3.00

-

~
18.00

11.00

23.0

.
_
«
«
_
-

13.00

_

78.00

32.00
5.05

26.05

49.00

16.05

15.00

38.00

19.00

7.05

12.00

12.00
79.50
8.06

5.03

58.03
11.00
140.50

137.24

247.08

638.90

The Vertisols in the basin are developed from lacustrine deposits. They are
underlain by aeolian and heterogeneous sands to a depth of 70 to 200 cm, and are
classified as Typic Pellusterts.
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Field

studies

The field experiment was conducted from June to October 1991 in a
previously characterized site at the station operated by Lake Chad Research
Institute in Ngala, where planting on broad beds (5 x 3 m) was compared to
planting on the flat (the farmers' practice). The effects of landshaping on
cotton, maize, and sorghum was assessed.
The experimental site was slashed manually and harrowed. The broad
beds were made up to a height of 20 cm, and were separated from one another by
50-cm furrows. The experimental design was a split plot with the different
crops as the subplots, and there were four replications. Fertilizer rates,
varieties, and spacing for each crop are given in Table 2.
Table 2. Crop variety, fertilizer rates, spacing, and sseeding rate.
Crop

Variety
Fertilizer (kg ha"')
-15:15:15, N:P205:K20
-Urea
- Single superphosphate
- Muriate of potash
Seeding rate (kg ha'^)
Spacing (cm)
Seed per point

Maize

Sorghum

Cotton

TZ ESR.W

SK5912

S77

400
25
90x40
2

427
10
90x30
2

110
140
33
5
90x45
2

The crops were planted on 10 August 1991. Four seeds were planted per hole
but were later thinned to two plants per stand. Fretreatment soil samples were
collected, treated, and analyzed for physical and chemical properties in
accordance with the procedures outlined in the Methodological Guidelines for
IBSRAM's Soil Management Networks (IBSRAM, 1991). A gravimetric
determination of residual soil moisture was carried out at the end of the
cropping season.
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Results and discussion
Soil properties
The data on pretreatment soil samples are presented in Tables 3 and 4.
Moisture content values were higher on the flat than in the BBF's. This may be
due to the improved drainage provided by the furrows. The soils in plots on the
flat had a higher bulk density than those on broad beds. This may be
attributed to the fact that the broad beds had been made only recenfly and
hence the soil was still settling.
Table 3. Moisture content and bulk density values of the plot before planting.
Block

Moisture content (g g'^)
0-15 cm
15-30 cm

Bulk density +
(Mg m'^)

Bl
B2
B3
B4

Broad beeIs
0.158
0.429
0.135
0.332
0.188
0.364
0.315
0.229

1.143
1.231
1.350

Bl
B2
B3
B4

0.324
0.386
0.401
0.347

Flats

t
t

t

1.472
1.400
1.403
1.416

0-15 cm depth only.
One composite sample per block, and only at 0-15 cm depth.

The soil chemical data showed that there were generally no significant
differences between the broad beds and flats, probably because topsoil
materials were used for making the beds. The soil reaction is neutral to
slightly alkaline, with values ranging from 7.0 to 7.6, and the soils are low in
organic carbon and nitrogen.
The available-P level is medium to high, with values commonly ranging
from 8.19 to 24.56 mg kg-i. The soils have a high base saturation; ECEC is also
high, with values ranging from 29.12 to 37.99 cmol (p'^) kg-^. The micronutrient
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Table 4. Some chemical properties of the soils (pretreatment samples).
Plot

Depth
(cm)

pHw
(1:2.5)

OC
(%)

N
(%)

Avail. P
(mg kg-i)

Ca

Mg

K
H+Al ECEC
Na
-cmol (P")kg- 1

Cu Mn Zn
—----mgkg-i•

Fe

Broad beds
C
"

0-15
15-30

7.0
7.6

0.58
0.48

0.04
0.03

4.91
13.10

20.80
21.56

5.08
5.06

2.36
2.49

3.50
3.39

0.10
0.10

31.84
32.70

1.48 11.00 11.56 11.00
1.80 14.60 3.00 13.00

M
"

0-15
15-30

7.1
7.5

0.60
0.58

0.06
0.04

16.38
13.10

20.24
23.38

5.13
5.19

2.63
3.05

2.71
3.73

0.10
0.10

30.81
35.45

2.08 14.20
2.20 17.40

2.80 16.00
2.20 16.00

S
"

0-15
15-30

7.4
7.4

0.56
0.52

0.03
0.04

21.29
8.19

21.25
26.51

5.14
5.78

2.08
2.36

2.71
2.83

0.10
0.10

31.28
37.99

1.80 12.40
1.60 14.40

1.80 13.00
2.80 16.00

Flats
Fit

0-15
0-15
15-30

7.1
7.1
7.2

0.80
0.80
0.62

0.02
0.02
0.06

16.38
16.38
9.83

18.62 5.17
5.17 2.63
2.63 2.60
2.60
18.62
21.25 5.37 2.49 3.17

0.10 29.12
29.12 2.20 9.40 2.40 13.00
0.10
0.10 32.38
1.40 8.60 1.40 11.00

F2+

0-15
15-30

in
77
75

0.60
0.54

0.06
0.04

19.65
9.83

19.94
20.75

4.76
5.16

2.22
2.63

2.60
2.60

0.10
0.10

29.62
32.70

2.20 14.20
2.00 12.60

1.20 14.00
1.40 13.00

F3t

0-15
15-30

75
7.5
7.6

0.64
0.44

0.04
0.03

22.93
13.10

22.21
21.15

5.16
5.19

2.63
2.77

2.60
3.39

0.10
0.10

32.70
32.60

2.00 12.60
1.60 9.00

1.40 20.00
1.60 10.00

F4t

0-15
15-30

7.5
7.5

0.46
0.44

0.04
0.06

24.56
16.38

20.49
21.40

5.05
5.20

2.49
2.63

2.60
3.39

0.10
0.10

30.73
31.72

2,00 10.60
1.80 9.00

1.40 11.00
1.00 11.00

F = flat; C = cotton subplot; M = maize subplot; S = sorghum subplot (all samples on broad beds).
+ Composite samples were collected on a block basis. 1, 2, 3, 4 refers to replicates.
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levels are above the critical limits recommended for cotton, maize, and
sorghum.

Crop

establishment

The data on the establishment of the crops is given in Table 5. The
germination of maize and cotton was affected significantly by the treatments.
The maize and cotton were easier to establish in the BBFs than in the flats.
The mean germination score for cotton in the flats and BBFs was 16.1 and 72.8%
respectively. The mean germination score for maize in the flats and BBF's was
24.1 and 96.5% respectively, and unfortunately the maize was grazed by cattle
at 40 DAR. The sorghum was planted three times without success: the seeds
may have rotted in the soil because of excess moisture.
Table 5. Effect of land-shaping on germination of cotton and maize.
Percentage germination
Rlnrk
UHJl_i*k

Subplot
Cottor I
BBFs t
Flat

t

Maize.
BBFs t

Flat

100
100
100
100

35.7
40.4
33.3
365

1

1
2
3
Mean

72.2
72.2
555
66.6

41.6
36.1
33.3
37.0

2

1
2
3
Mean

66.6
83.3
100.0
83.3

8.3
55
11.1
8.3

97.6
95.2
92.8
95,2

26.0
33.3
23.8
27.7

3

1
2
3
Mwan

52.7
88.8
72.2
71.2

55
16.6
2.7
8.2

92.8
100.0
90.4
94.4

23.8
95
16.6
16.6

4

1
2
3
Mean

83.3
66.6
61.1
70.3

11.1
16.1
55
10.9

95.0
97.6
97.6
96.7

23.8
95
14.3
15.8

Overall mean

72.9

16.1

96.6

24.1

Broad beds and furrows
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Plant growth within the first four weeks after planting (WAP) was
significantly better on the BBF's but was not significantly different from that
on the flat after seven WAP. In the first four WAP, the growth of the crops was
more vigorous in the BBFs. The incidence of weeds was high in the flats but
isolated in the BBFs.

Biomass

weight

The cotton was harvested for biomass 3deld at 81 DAP because the rains
stopped on 29 August, and signs of wilting could be observed. Weights for the
biomass and dry matter are given in Table 6. The biomass weight of cotton was
slightly higher in BBFs than on the flat, but the difference was not
statistically significant. Probably the excess moisture stored in the flats as a
result of waterlogging during the rains was used by the plants after the
cessation of the rains. This enabled cotton in the flats to almost match the
growth of cotton in the BBFs, though cotton growth in the BBFs diminished
after the cessation of rains because the improved drainage in BBFs decreased
their water reserves. This is confirmed by the data (Table 6) on residual
moisture.

Root

observations

The data on root measurements are given in Table 7. Root penetration was
significantly affected by the treatments. The roots penetrated to relatively
greater depths in the BBFs than in the flats. The mean root length varied
between 27.8 and 32.4 cm in the BBFs and between 22.1 and 23.7 cm in the flats.

Residual

soil

moisture

At the end of the cropping season, residual moisture was higher in the flat
than in the BBFs (Table 6). In relation to the crops, soil moisture reserves were
higher in plots planted to sorghum, and as explained earlier, the sorghum seeds
failed to germinate. The amount of moisture that could have been taken up by
the crop was thus conserved in the soil. It was observed that there was less soil
cracking on these plots. On the other hand, soil moisture reserves were lower in
the cotton plots, probably because the crop was well established (Table 5), and
hence part of the soil moisture was used up by the crop. Visual observation
showed that soil cracking was more pronounced in these plots. Possibly a
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Table 6. Gravimetric soil moisture and dry-matter yield of cotton.
Treatments
in Block 1
BBFsV3VC§
BBFs/5/C
BBFs/7/C
rf^

BBFs/9/Sl

VI

F1.2S
F1.3C
F1.5C
F1.7C

Soil depth Furrow
(cm)
width (m)
0-15
15-30
30-50
0-15
15-30
30-50
0-15
15-30
30-40
0-15
15-30
30-50
0-15
15-30
30-50
0-15
15-30
30-50
0-15
15-30
30-50
0-15
15-30
30-40

0.05

05

05

05

Gravimetric soil moisture at harvest (g g'^)
31.10.91
30.11.91
30.12.91
0.07
0.13
0.62
0.12
0.16
0.56
0.10
0.22
0.87
0.07
0.34
0.89
0.24
0.62
0.71
0.25
0.51
0.77
0.19
0.44
0.73
0.05
0.12
0.50

0.05
0.08
0.16
0.04
0.08
0.15
0.06
0.15
0.32

0.03
0.07
0.15
0.03
0.06
0.14
0.04
0.08
0.19

Flats
0.11
0.22
0.24
0.14
0.20
0.28
0.12
0.12
0.40
0.05
0.16
0.20

0.05
0.07
0.15
0.16
0.10
0.14
0.06
0.10
0.17
0.05
0.08
0.16

Fresh wt. above ground Dry wt. (g)
(g) Mean
Mean
132.99

82.75

158.75

48.28

140.84

64.73

90.85

14.42

125.82

22.30

158.39

49.66

t = broad beds and furrows; J = plot number; § = cotton; ^ = sorghum; it = mean per plant, based on total of ten plants sampled.

considerable amount of moisture depletion by the crop took place during the
growth period, and consequently the soils dried up faster and cracked.
Differences in soil moisture reserves between plots drained by 0.50-m and 1.00-m
furrows were not very apparent.
Table 7. Root length of cotton at 81 days after planting (cm).

1

2

3

4

Plot number
5
6
7

8

9

10

Mean
(cm)

3C
5C
7C

38
30
30

33
28
32

40
31
30

28
26
30

Broad b e d s
29
34
27
27
31
26
38
31
31

26
23
37

33
28
35

28
28
30

31.6
27.8
32.4

3C
5C
7C

12
28
32

23
26
25

25
28
23

27
28
20

9
16
26

27
7
17

10
65
23

37
30
25

22.1
235
23.7

Plot
no.

Flats
32
35
10

19
31
36

Future research
The findings of this trial will be validated in subsequent years before any
meaningful conclusions can be made. In 1992, the plot size will be 9 x 3 m (i.e. 27
m^), and the plots will be drained by 1-m furrows. Also, there will be only one
plot (27 m^) for each crop rather than three subplots of 15 m^ each.
On a pilot scale, we intend to: (i) evaluate the masakwa system using
pregerminated sorghum seedlings; (ii) plant on the flat with drains; (iii)
reduce the density of the maize crop; and (iv) plant on ridges, as an additional
treatment.
From preliminary results, we are already confident that the improved
management technology on Vertisols will substantially improve rainfed yields
of crops in the four million ha covered by Vertisols in Nigeria. We are
therefore soliciting donor support to enable us to implement the project.
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The effect of seedbed preparation
methods on the yield of maize and
cotton in a Pelli-Eutric Vertisol at
Lubuga Village, Mwanza, Tanzania
B.M. GAMA,* F. BAGARAMA and J.G. MOWO+

The project on the management of Vertisols in Tanzania has now reached its
second season. The core experiment was undertaken at Lubuga Village, 40 km
south of Ukiriguru on the Mwanza-Shinyanga road, while the support
experiments have been carried out at Ukiriguru Research Institute.
The general objective of the research was to investigate the various
methods of utilization of Vertisols in western Tanzania, while the specific
objective was to study the effect of improved drainage and cropping systems on
crop yields under farmers' conditions. This paper only reports the results
obtained with maize and cotton as sole crops as the yield of the sorghum crop
and intercropped maize were inconsistent due to pest damage. However,
farmers have benefited from observing results from the sole-cropping
experiments with maize and cotton, and should be provided with appropriate
implements if extension work is to take place.
Vertisols are found in many parts of Tanzania. The soils are distributed
over an area of 2.5 million hectares in western Tanzania alone. They are found
in the Mwanza, Shinyanga, Mara, and Tabora regions. The occurrence,
management, and properties of these soils in Tanzania have been given by
Anderson, (1963) and Mowo, (1987,1989).

Senior Agricultural Research Officer and Agricultural Research Officer respecüvely,
Agricultural Research Institute, Ukirigtoru, PO Box 1433, Mwanza, Tanzania.
Senior Agricultural Research Officer, Agricultural Research Institute, Mlingano, PO Box 5088,
Tanga, Tanzania.
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Materials and methods
The trial reported here was started in the 1990/91 seasons, on the Lubuga
floodplain in the Mwanza region used for the experiment was in Lubuga Village
and belonged to two farmers who allowed the Ukiriguru Research Institute to
use it for three seasons on condition that all the management would be done by
the institute, including labour and inputs. It was agreed that the produce from
the field would be given to the farmers at the end of the season after all
necessary data had been taken.
The area is flat, and floods are experienced in some years. A detailed soil
survey of the area has been reported by Magoggo and Mbogoni (1990). The
seedbeds prepared included cambered beds, broad beds, and furrows (BBF's),
ridges, and flat cultivation. A topographic map of the area was made in order
to facilitate construction of the different land-shaping methods. Slope percent
and direction were used as a guide in making the different seedbeds.
Cambered beds were made by tractor and plough. Channels 45 cm deep and
4 m wide were dug. The side slope of the cambered beds was 4:1 while the slope
along the channel was 2%. The width of the cambered beds was 8 m, making
the distance from the middle of one channel to the next 12 m.
The broad beds and furrows (BBFs) were made using a 3-ft ridger. The
width of the beds was 1.5 m and the furrows were 0.50 m wide and 0.15 m deep,
making a total width of 2 m from the middle of one furrow to the next. The
ridges were constructed using a 5-ft ridger, and were 1.5 m wide. The flat
seedbed was made by harrowing after two thorough ploughings.
In order to monitor changes in soil characteristics a surface 0.20 cm
composite soil sample was collected from each seedbed type before the
application of fertilizers. The same was done at the end of the season. The soil
samples were air-dried and screened through a 2 mm sieve. For organic carbon
and nitrogen determination, it was ground and passed through a 60-mesh sieve.
The soil samples were analyzed for PH, particle size, available phosphorus,
orgaruc carbon, exchangeable cations, and cation-exchange capacity. Standard
procedures recommended by the National Soil Service (NSS, 1990) were used.
In both seasons when the experimental work took place, recommended
agronomic practices for each crop were carried out. For cotton, phosphorus was
applied as triplesuperphosphate by incorporating it along a furrow made 12.5
cm deep away from the row. Sowing was done in mid-December using, six to ten
seeds per hole. After germination, gaps were filled and the plants were
thinned out to two plants per hill two to three weeks after planting. This gave
a plant population of 55 000 plants ha'^
Weeding was done three times. Nitrogen was applied as sulphate of
ammonia eight weeks after planting by topdressing to a depth of 5 cm, leaving
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a space of 5 cm away from the plants. The fertilizer was covered with soil to
avoid losses by volatilization and erosion. To control Heliothis armigera, the
crop was sprayed six times at two-week intervals with endosulfan at 625 g ha"^
starting 10 weeks after planting.
For maize, P was applied as triplesuperphosphate before planting, just as
it was for the cotton crop. Sowing was done at the beginning of November.
Three seeds were planted in each hole, and were later thinned to one plant per
hole, giving a plant population of 37 000 plants ha"^.
Weeding was done three times. Crickets and rodents were serious pests
during crop establishment. Spraying with endosulfan 35 EC was done to control
crickets and stalk borers. Nitrogen was applied as sulphate of ammonia when
the crop was at knee height, as it was for the cotton crop.
Results and discussion

1990/91

season

In the 1991/92 season, the experimental design was changed to exclude
fertilizer and intercropping treatments. It was a complete randomized block
with four replications.
During the season, maize, sorghum, and cotton were grown. Sorghum
followed maize in the sequence, with maize being grown in the short rains and
sorghum in the long rains. In some plots, sorghum and maize were intercropped
with pigeon pea. Details of varieties used, experimental treatments, plot
sizes, and spacings are given in Table 1. The experimental design was a
complete randomized block with a factorial arrangement of treatments.
Preliminary results of these experiments are given in Gama and Mowo (1992).
Due to the inconsistency of the data, only plots with maize and cotton as a
sole crop are reported. The sorghum crop was not successful, and neither was the
intercropped maize. Figure 1 shows the weather conditions during the cropping
seasons. In general, rainfall was adequate in the 1990/91 season, and no serious
floods were experienced. Tables 2 and 3 show the results obtained for the maize
and cotton.
Maize
There was no significant effect of either N or P on plant height in all types
of seedbed, and the N x P interaction was also not significant. The effect of N
and P on cob length in the different types of seedbed appears to be erratic, but
there was in fact a consistent NP interaction in all types of seedbed except in
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Table 1. Crop varieties grown, experimental treatments, plots sizes, and spacings.
Treatments
Year

Crop

N

CJI

Spacing (cm)

Gross plot isize (m^)

Variety
P

Cambered BBFs
beds

Ridges

Flats

Cambered BBFs
beds

Ridges

Flats

Cotton

UK 77

30

10

63.0

80.0

60.0

18.9

90x40

90x40

45x45 90x40

Sorghum

Tegemeo

50

30

63.0

80.0

60.0

18.9

90x10

90x10

75x15 90x10

Maize

TMVl

60

30

63.0

80.0

60.0

18.9

90x30

90x30

75x30 90x30

1990/91 Pigeon pea ICP9141

-

-

63.0

80.0

75.0

18.9

90x75

75

75

90x75

TMVl
Maize/
pigeon pea ICP9141

60

30

63.0

80.0

75.0

18.9

90x75

75

75

90 X 75

Sorghum/
Tegemeo
pigeon pea

50

30

63.0

80.0

75.0

18.9

90x75

75

75

90 X 75

Cotton

UK 77

26.25 11.25

327.6

416.0

240.0

201.6

90x90

90x90

45x45 90x90

Maize

TMVl

60

327.6

416.0

240.0

201.6

90x30

90x30

75x30 90x30

1991/92
40

Table 2. Effect of N, P and the nnethod of seedbed preparation on the yield and yield
components of maize (1990/91 season).
Fertilizer

Seedbed preparation

ciiV\4-rpcifrnp7-|fc 4"
o L l L / L l C d L i l I d L Ld 1

BBFs

Flats

Ridges and furrows

Cambered beds

NoPi
NiPo
NiPi
LSD (P<0.05)
CV (%)

154.2
160.0
156.1
150.7
7.01
8.0

Plant height (cm)
159.0
155.7
134.5
147.3
11.50
13.88

154.6
152.2
149.6
158.4
7.46
8.70

163.2
168.4
173.5
166.9
655
6.95

NoPo
NoPi
NiPo
NiPi
LSD (P<0.05)
CV (%)

15.3
17.3
15.6
16.1
0.45
5.08

Cob length (cm)
15.1
15.2
15.0
15.8
NS
8.0

14.5
14.6
13.7
14.3
NS
11.09

142
14.6
15.4
15.7
0.67
859

NoPo
NoPi
NiPo
NiPi
LSD (P<0.05)
CV(%)

2.4
3.2
2.6
3.8
0.2
16.4

3.2
3.6
4.0
4.1
0.45
28.9

4.3
45
4.6
5.0
0.40
16.3

NQPO

t

Grain yield (t ha'i)
-

Ni = 60 kg N ha-i and P^ = 30 kg P ha"^

ridges. N and P had inconsistent effects on grain yield in all types of seedbeds,
but there was a significant N x P interaction. However, grain yield data from
the flat seedbed are not reported, as some of the maize was stolen just before
harvesting.
Cotton
There was a significant response to N which was consistent in all types of
seedbeds (Table 3). P did not have any significant effect on seed cotton.
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Key
A—

^

1990/91 rainfall

«

1991/92 rainfall

Figure 1. Mabuki (Nkanziga) rainfall for 1990/91 and 1991/92 seasons.

Table 3. Effect of N, P and the method of seedbed preparation on the yield of cotton
(kg ha-^) in the 1990/91 season.
Method of land management
Treatment
NoPo
NoPi
NiPo
NiPi
LSD (P<0.05)
CV (%)

BBFs

Flats

Budges and furrows

Cambered beds

1250
1500
1990
1990
485
18

2500
2222
3241
2593
840
20

2278
2093
2482
2407
301
8

2625
2597
2889
2847
350
13
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1991/92

season

Maize
Data for grain yield and other yield components are given in Table 4. The
final stand was low due to cricket damage of the seedlings. Cambered beds
were superior to the other seedbeds in terms of grain yield. Yields from BBF's
were significantly higher than those from ridges. There was no difference in
yields between flat cultivation and ridges.
Table 4. Effect of the method of seedbed preparation on the yield and yield
components of maize (1991/92 season).
Method of soil management
Yield parameters
Cambered BBFs Ridges and Flats
beds
furrows
Grain yield (kg ha"')
Stand (number per plot)
Weight of 1000 grains (g)
Fresh stover weight (kg)
Cob length (cm)
Fresh weed weight (g) t
Dry weed weight (g) t
t

2944
365
291
105
419
720
224

1828
284
298
60
350
669
208

1511
291
281
48
348
498
140

1696
201
300
35
237
271
102

LSD CV
(P<0.05) (%)
256
47
26
13
37
44

11
15
8
19
10
23

g per 0.25 m^ quadrant.

In terms of the weight per 1000 grains, there were no significant differences
between the treatments. This was probably due mainly to genetic traits, and
was less dependent on the treatments.
There was a significant difference in cob length between the seedbeds, with
cambered beds being superior to all the other seedbeds. There was no
significant difference between BBFs and ridges, but both were better than flat
cultivation. Cambered beds were much superior to other seedbed types in terms
of average plant height. There was no significant difference in plant height
between ridges and flat cultivation.
As regards stover weight, cambered beds were better than the other types
of seedbed. There were significant differences in stover weight between BBFs
and flat cultivation, the former being superior; but other treatments did not
differ significantly.
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I
In general, it can be concluded that cambered beds were better than other
seedbeds in terms of yield and yield components. It is, however, interesting to
note that in terms of plant height, grain yield, and cob length, BBFs and
cambered beds performed similarly.
Cotton
Cambered beds gave significantly higher seed cotton yields than the other
types of seedbed (Table 5). Cambered beds also gave a significantly higher
seed cotton yield and a higher number of mature bolls from ten selected plants.
Table 5. Effect of the method of seedbed preparation on the yield and yield
components of cotton (1991/92 season).
Method of soil management
Yield parameters
Cambered BBFs Ridges and Flats
beds
furrows
Mean seed cotton yield
from 10 randomly
selected plants (g)
Mean number of mature
bolls from 10 randomly
selected plants
Mean seed cotton
yield (kg ha-1)
Mean fresh weight
of weeds (g) t
Mean dry weight of
weeds (g) t
+

LSD
VrvV
(P<0.05) (%)

437

359

360

351

40

9

107

95

79

86

12

12

1513

1092

1019

1066

145

11

???,

246

100

144

108

54

67

87

32

69

55

76

g per 0.25 m^ quadrant.

An investigation of weeds showed that there was a significant difference in
biomass between the types of seedbed. There were more weeds in cambered beds
and BBFs than there were in either ridges or flat cultivation. The lowest
number of weeds were found in flat cultivation. The fact that there were more
weeds on cambered beds and BBFs than in the other seedbeds might have been
due to the difference in moisture availability. The dominant weed species were
Lactuca carpensis, Rottobelia exeltata, Commelina electa, and Ipomoea involuctrata.
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The socio-economic impact of the project
Farmers have realized that Vertisols respond to fertilizers. They have
also realized the superiority of the TMVI maize variety over local varieties,
and have learnt that the spacing they are using for maize is too big to give
them the optimum plant population for maximum grain yield per unit area.
The experiment with cotton showed that a cotton crop can be grown on the
Vertisols in the area if proper management practices are used. However, it is
important to note that farmers felt that the construction of cambered beds could
be too expensive for them. Consequently, if the technology of Vertisol management is to be adopted and accepted, the relevant authorities should design and
manufacture implements which are cheap, easy to use, and acceptable in the
farming system.

Appendix I
W e a t h e r s u m m a r y for U k i r i g h r u for t h e 1991/92 s e a s o n .
Though Ukirighru normally receives thunderly rains, the frequencies of reporting
or recording hail or floods during the reported period was nil. However, August and
September 1991 were hotter months with very low humidities(relative humidity).
Ukirighru experienced a long-dry spell (drought) from January to March 1992, whereby
only 184.5 mm was recorded which is below the long term average of 285.6 mm. Some
meterological factors, such as smoky and hazy conditions, contributed a lot to this
drought. As regards the wind, July to November 1991 were windy and gusty months with
an average speed of 5.8 km hr'^, which is higher than the long-term mean.
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Table 6. Physicochemical properties of soils at Lubuga.
Seed-bed
type

o

pH
1:2.5
HjO

Particle size (%)
Sand

Organic
carbon
(%)

N Available P
(%)
(Olsen)
(mgkg-^)

Silt

Clay

22

75

1.0

0.09

E xchangeable cations (cmol kg'^)

CEC
(NaOAC)
(cmol kg"')

Na

K

Ca

Mg

12

0.71

0.72

40.7

6.33
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Cambered
beds

7.1

BBFs

7.0

12

14

74

0.9

0.11

14

0.87

0.61

4D.1

5.95

63

Ridges and
furrows

7.0

4

14

82

1.2

0.11

13

0.74

0.61

44.0

6.00

65

Flats

7.3

13

82

0.9

0.09

14

0.84

0.41

46.7

4.40
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Appendix II
Weather summary for the IBSRAM experimental site at Lubuga
for the 1991/92 season
Weather highlights:
Location: 35°1'S, 33"10'E
Mabuki (Kanziga) lies to the extreme south of Ukiriguru Research Institute. It has
two rainfall seasons (Bimodal). During the 1991/92 cropping season, Mabuki received
the short rains very late as they started in the third week of October 1991. The wettest
month of this season was October 1991 with a record of 159.3 mm of rain over 11 days,
though it was poorly distributed. Normally Mabuki records floods during the heavy
rains in February and April each year, but during this season the station experienced a
long dry spell (drought) from November to February 1991. The monthly mean was only
39.4 mm, compared with 108.5 mm in the previous season (1990/91).
Most of the crops suffered water stress, and finally they withered due to this dryness
and the uncertainity of the rainfall. Mabuki received fair to moderate rains during
March and May 1992, with a record of 289.3 mm for the two months, but it was also
poorly distributed as it fell for only 13 days out of 62.
Mabuki, like Ukiriguru, receives stormy, thunderly rains, but during this season
floods and hail were not recorded; instead only smoky and hazy conditions were
reported from this station during January and March 1992 which was an indication of
the reported drought.
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Essai de cultures de maïs et de niébé de fin
de saison des pluies sur les vertisols au
Togo meridional
S. WOROU et K. SODJADAN*

Au Togo meridional, sur des vertisols développés sur un socle granito-gneissique et
sur roches-mère basiques (microdiorites, gneiss d biotite et amphiboles, serpentine
schisteuse, etc...), une experimentation de cultures de maïs et de niébé de fin de saison des
pluies a été entreprise. Il s'agit de valoriser l'eau du sol après la période des grandes
récoltes de maïs qui survient généralement entre aoüt-septembre, c'est a dire deux mois
avant la fin de la saison des pluies. Les semis ont été ejfectués a plat et sur billons
pendant la première decade des mois de septembre et d'octobre. Les premiers resultats
obtenus montrent qu'il est possible de prolonger la campagne agricole après la récolte du
maïs. Le niébé semé d plat pendant les premières decades de septembre et d'octobre donne
des resultats prometteurs. Ceci est aussi vrai pour le maïs semé d début septembre.
Les vertisols occupent au Togo une superficie de 54 000 ha, dont 33 000 ha dans la
partie meridionale (Vieillefon et al, 1965-1967; Léveque, 1979; Faure, 1985). Une
enquête socio-économique portant sur leur repartition et leur utilisation actuelle (Worou et
al, 1991) a permis d'idenüfier deux types de vertisols: des vertisols de la depression de la
Lama plus au sud, et ceux développés sur le socle granito-gneissique.
Les vertisols de la depression de la Lama dérivent des calcaires phosphates et des
argiles gypseuses de l'éocène, tandis que ceux du socle se sont développés sur roches
basiques: microdiorites, gneiss a biotite et amphibole, serpentine schisteuse, etc...
(Leneuf, 1954).
L'expérimentation des cultures de fin de saison des pluies a été réalisée sur les
vertisols développés sur socle granito-gneissique.
L'enquête socio-économique a révélé que la récolte du maïs intervient vers les mois
d'aoüt-septembre, période pendant laquelle il continue de pleuvoir. Ces pluies ne s'arrêtent
que vers la fin du mois d'octobre. Etant donné l'état d'humidité du sol a ce moment, et la
forte capacité de retention en eau des vertisols, il a été envisage de valorisaer cette réserve
d'eau en y pratiquant des cultures de maïs et de niébé de fin de saison de pluie.

Institut National des Sols, B.P. 1026, Lomé, Togo.
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Le site experimental
II est situé a 42 km au nord-est d'Atakpamé dans le village de Kolo-Copé, a
proximité de la station de l'Institut de Recherche du Coton et des Textiles Exotiques
(IRCT), soit a environ 200 km au nord de Lomé.

Paramètres

climatiques

Sur le plan climatique, le site experimental est implanté dans la zone de transition
entre les régimes bimodal au sud et monomodal au nord. Cette zone jouit d'un régime a
une longue saison pluvieuse avec une attenuation variant suivant les années entre les
mois de juillet et aoüt. La pluviométrie annuelle oscille entre 800 et 1400 mm. Les
variations interannuelles sont tres importantes. La moyenne sur 44 ans est de 1107 mm
(tableau 1).
Tableau 1. Pluviométrie (en mm) a la station Anié-Mono.

J
0
1991
Moy. 44 ans
7
Dif. 1991/moy. -7

F

D

Total

88 50 192 304 141 363 185 67 89
0
18 75 108 124 165 171 150 154 102 20
70 -25 84 180 -24 192 35 -87 -13 -20

5
13
-8

1484
1107

A

M

J

J

A

S

N

M

0

377

Bien que la pluviométrie annuelle soit élevée par rapport a la moyenne (1484 mm
contre 1107 mm), il a été constate un deficit de 87 mm en septembre, 13 mm en octobre
et 20 mm en novembre, soit un total de 120 mm; ceci traduit Ie caractère un peu
exceptionnel de l'année 1991. Ce deficit survenu pendant la période de l'expérimentation a
eu des incidences sur les dates de semis, la levée et le comportement du maïs semé
pendant la première decade du mois d'octobre (tableau 2).
Le mois de septembre a enregistré 67 mm de pluie répartis sur 12 jours, mais seules
deux pluies ont atteint ou dépassé 10 mm. Elles ont permis de démarrer la campagne
(billonnage, labour a plat, premier semis, etc.).
Le mois d'octobre a été plus pluvieux (90 mm) mais les trois plus importantes pluies
sont tombées pendant la première decade dans un intervalle de quatre jours et ont favorisé
le deuxième semis.
Les temperatures sont généralement élevées. La moyenne annuelle est de I'ordre de
27.5°C. Les plus fortes temperatures sont enregistrees de janvier a mars. Elles peuvent
atteindre parfois 37°C. L'évaporation pendant la même période monte jusqu'a 5 mm/jour,
voire plus. Le mois d'aoüt est le plus frais avec de temperatures pouvant descendre a
22°C.
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Tableau 2. Repartition de la pluviométrie durant les cycles du maïs et du niébé.
Sept.
1
2
3
4
5
6
7

I

Oct.
3.9
16.3

8.6
7.5
22.8
2.3
1.4

2.8
21.5
25.2

42.6

69.7

Nov.

Dec.

5.3

9
10
Decade

I

11
12
13
14
15
16
17
18
19
20
Decade

Decade

1.8
3.8
8.2

0.8
10.5

6.9
15.1

16.9
21
22
23
24
25
26
27
28
29
30
31
3

5.3

4.3
2.9
4.1
0.5

7.5

4.3

-

T du mois

67.0

89.1

5.3

Nbdej

12

8

t
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1

Les

sols

D'une maniere générale, les vertisols du site experimental sont caractérisés par une
profondeur variant entre 50 et 120 cm. La couleur des horizons de surface se situe dans Ia
gamme des lOYR 2/0 a 2/2 (noir) et celle des horizons de profondeur dans la gamme des
5Y 4/3 et 4/4 (olive). Le taux d'argile dépasse 40 % dans l'ensemble des profils étudiés.
Le taux de matière organique atteint et dépasse parfois 3 % en surface et se maintient
autour de 1 % dans les horizons sous-jacents.
La somme des bases est élevée et dépasse 40 meq dans tous les profils. Le complexe
est surtout saturé en Ca et en Mg avec des teneurs oscillant entre 23 et 35 meq pour le Ca
et entre 12 et 21 meq pour le Mg. Le taux de saturation varie entre 80 et 100 %, et
parfois plus. Le pH est neutre, voire alcalin (6.8-8.5).
Protocole

experimental

L'expérimentation a pour objectif la valorisation de l'eau du sol par la culture du maïs
et du niébé en fin de saison des pluies.
Deux fanons culturales ont été adoptees: il s'agit du labour a plat et du billonnage
simple. Deux dates de semis ont été retenues (première et deuxième quinzaine de
septembre).
La taille des parcelles est de 20 m x 20 m peur les deux fagons culturales.
La variété du maïs retenu est I'Dcenne 81-49 SR. Son cycle est de 105 jours. Cette
variété a été choisie pour sa resistance a la sécheresse. En ce qui concerne le niébé, la
variété Vitoco a été sélecüonnée a cause de son cycle tres court (70 jours) et de son gout
tres apprécié des paysans.
Le premier semis a été effectué le 9 septembre et le second le 8 octobre. Le deuxième
semis qui devait intervenir dans la deuxième quinzaine du mois de septembre n'a pas pu
s'effectuer a cause de la sécheresse relative enregistrée pendant cette période. Les pluies
pouvant permettre d'effectuer les semis ne sont survenues qu'a partir du 6 octobre. Chaque
semis est suivi d'au moins huit jours sans pluie.
Les parcelles n'ont pas re9u de fertilisation.
R é s u l t a t s et discussions
Les résultats sont présentés en fonction des fanons culturales.
Cultures

a plat

Le maïs
D'une maniere générale, que ce soit au premier ou au deuxième semis, la levée a été
tres bonne. Le développement végétatif du maïs semé en septembre a été satisfaisant.
Celui semé en octobre, a souffert du manque d'eau. Cela s'est traduit par l'enroulement des

66

feuilles en milieu de journée. Ce phénomène s'est poursuivi et a abouti finalement au
dépérissement des plantes. Le maïs dans ce cas n'est pas arrive a maturité.
Les jeunes plants ont été fortement attaques par des rongeurs, ce qui a oblige a semer
plusieurs fois. Les plants de maïs semés en septembre et qui n'ont pas été attaques sont
arrivés a maturité. lis ont été malheureusement ravages par les singes.
Le niébé
Contrairement au maïs, le niébé s'est mieux comporté. La levee a été tres bonne.
Aucune manifestation de stress hydrique n'a été observée ni au premier, ni au deuxième
semis. Les plants se sont bien développés. La fructification avait bien démarré, mais ici
aussi la récolte n'a pas pu s'effectuer a cause des rongeurs qui ont tout détruit.
Conclusion. Le labour a plat a favorisé une tres bonne levee. Ceci est vrai pour
le maïs et le niébé. Il n'est par centre pas tres prudent de semer du maïs au dela du mois
de septembre a cause des épisodes secs qui peuvent apparaitre et entrainer des deficits
hydriques pour cette plante. Le niébé semble mieux s'adapter a ce type d'expérimentation
a condition de protéger tres töt les parcelles contre les rongeurs.
Cultures

sur

billons

Le maïs
La levée a été mauvaise a cause du dessèchement rapide des horizons de surface. Ce
dessèchement est consécutif a l'absence des pluies après Ie semis. Le maïs semé en
octobre a connu des problèmes de deficit hydrique. Les plants de maïs semé en septembre,
et qui n'ont pas été détruits par les rongeurs, sont arrivés a maturité, mais la aussi la
récolte a été compromise par les singes.

Le niébé
La levée a été mauvaise. Les pieds qui ont pu sortir de terre ont eu un bon
développement végétatif, mais il n'y a pas eu de récolte pour des raisons citées plus haut.
Conclusion. La culture sur billons dans le cadre de eet essai n'a pas favorisé une
levée correcte des plants, sans doute a cause de l'absence des pluies immédiatement après
les semis.
Conclusion

générale

La pratique des cultures de fin de saison des pluies est possible sur les vertisols
développés sur socle granito-gneissique.
Après une première année d'expérimentation, les conclusions partielles suivantes
peuvent être tirées:
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La culture a plat favorise une bonne levée.
La levée a été mauvaise sur billons certainement a cause de l'absence de pluie
après Ie semis.
Il n'est pas tres prudent de semer du maïs au dela du mois de septembre a cause de
l'apparition probable de périodes sèches après ce mois.
La culture du niébé augure de bons résultats et semble bien s'adapter a ce type
d'essai.
La réussite de l'expérimentation est conditionnée par une lutte efficace contre les
rongeurs et les singes, ce qui suppose des mesures de protection efficaces des
parcelles.

Perspectives
L'Institut National des Sols souhaite poursuivre Ie programme de recherche sur la
mise en valeur des vertisols. En plus du projet de cultures de fin de saison des pluies, des
projets sur Ie travail du sol pendant la grande campagne agricole seront également
entrepris. Un protocole d'essai est congu a eet effeL En ce qui conceme les cultures de fin
de saison des pluies, nos actions vont être plus orientées vers les légumineuses qui
semblent donner des résultats prometteurs.
Nous envisageons également d'entreprendre dans un avenir proche des essais sur la
mise en valeur des vertisols de la depression de la Lama dans Ie sud du pays. Ces
vertisols sont nettement plus répandus que ceux développés sur socle et posent d'autres
types de problèmes, entre autres l'inondation, l'envahissement des champs par l'impérata,
les récoltes en périodes pluvieuses, etc... Ceci nous permettrait également de travailler en
étroite collaboration avec nos voisins de la République du Bénin.
Pour mener a bon escient ce programme, nous souhaiterons dans les années a venir,
une aide plus substantielle de l'IBSRAM. Un équipement en petits matériels de terrain et
de bureau devient indispensable.
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Adoption of the tied-furrow technique,
and the effects of the technique and
the previous crop on residual moisture
and yields of sorghum and maize
on Vertisols
p. NYAMUDEZA, E. MAZHANGARA and E. KAMBA*

The southeast lowveld of Zimbabwe in which the study was carried out is
semiarid. The rainfall is low and erratic and is a major constraint to crop
production. From 1982/83 to 1989/90, growing crops in tied furrows (TFs) in
Vertisols gave mean increases in yields of sorghum, cotton, and maize of 25, 32,
and 46% respectively compared to planting in the traditional flat system. An
informal survey done after five seasons estimated that 50-60% of farmers were
satisfied by the yield-improving effect of the TF technique. In early 1991 a
formal survey showed that a good number of farmers had adopted the
technique, and 92.97o claimed that by using it they had obtained an increase in
crop yields.
In the 1989/90 season, the effect of crop rotation, tied furrows, and plant
population were investigated in a trial in a farmer's field as a continuation of
the Zimbabwe/IBSRAM project. The 1989/90 season was a test run year for crop
rotation. Maize after cotton in the 1989/90 season significantly^ outyielded the
maize following maize by 73%, and the maize grown after sorghum (MS)
outyielded maize after maize by 121%. A similar result was obtained with
sorghum. Soil moisture measurements taken at the end of the 1989/90 season
confirmed that the cotton crop had left more residual soil moisture than
sorghum or maize. These effects and the adoption of the TF technique by
farmers are discussed.

Lowveld Research Stations, Box 97, Oiiredze, Zimbabwe.
P<0.05.
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In 1987, Zimbabwe joined the IBSRAM Vertisol network for Africa,
incorf)orating the work on water conservation/concentration which had started
at Chisumbanje Experiment Station in the 1982/83 season. A new trial was
initiated in a farmer's field adjacent to the station based on the results of trials
that had been running on the station. The background to this work has been
reported earlier by Nyamudeza (1983), Jones et al. (1989), and Mandiringana
(1989).
Results from two seasons, 1984-85 and 1986/87, showed that the practice of
growing crops in 1.5-m tied furrows increased sorghum grain yield by 34% in a
poor rainfall year compared to growing on the flat, but in a wet year there was
no significant difference (Nyamudeza, 1988). The climate of the southeast
lowveld of Zimbabwe where Chisumbanje is located is such that in most years
the rainfall is either low or poorly distributed or both. Reducing runoff in such
water-deficient environments is essential in order to reduce the chances of crop
failure. Jones et al. (1989) reported that for six seasons the average response to
sowing in furrows was 26, 17, and 45% for sorghum, cotton, and maize
respectively.
In 1987/88, three identical trials were established on a farmer's field
growing sorghum, maize, and cotton, each comparing sowing in tied furrows and
on the flat at two-row widths and three populations. In 1988/89 season, the
area which had maize during the previous season was sown to cotton, the area
with sorghum was sown to maize, and the area with cotton in the previous year
was sown to sorghum. The reason for rotating the crops was a perceived
theoretical advantage of crop rotation. However, the rotation gave some
unexpected results, and as reported by Nyamudeza and Mandiringana (1992),
cotton after the maize crop gave relatively high yields compared to the near
complete failure of the sorghum after cotton. This was explained by the fact
that soil water measurements taken during the 1988/89 season showed that
there was more water in the soil where cotton followed maize than under
sorghum following cotton, as reported by Nyamudeza and Mandiringana (1992).
These trials are continuing. At the same time, the technology is being extended
to farmers in the area.
During the 1989/90 season and early 1991, informal and formal surveys were
done to evaluate the adoption of the tied-furrow (TF) technique by farmers who
had been exposed to it through field days and on-farm trials. The effect of a
previous crop or crop rotation on the residual moisture and the yield of sorghum,
maize, and cotton was investigated using the TF technique.
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Materials and methods
Surveys
Details of the location, climate and soil type of the project area were given
by Mandiringana and Hussein (1989). The informal survey done during the
1989/90 season involved eighteen visits and interaction with 20 to 25 farmers.
Discussions were held at a very informal level, with notes made after leaving
the farmer. This was to induce the farmers to discuss freely and to give honest
rather than fabricated opinions. Four socioeconomic factors were highlighted:
(i) land-holding, (ii) labour profile, (iii) the cash regime, and (iv) the
ownership of cattle for draught power.
Based on the informal survey of 1989/90, a formal survey was conducted in
the area using a sample size of 35 farmers drawn from three villages. The 35
farmers were made up of people who had adopted the TF technique and some
who had not. The economist was the enumerator. The questionnaire
concentrated on land area, labour, credit usage, extension and research contacts,
the type of crops grown, draught power, the TF system, and off-farm work.
An economic analysis of the TF technique was made, based on the results of
eight seasons. The seasons were divided into three categories - poor (rainfall
<280 mm), mediocre (rainfall 280-500 mm), and good (rainfall >500 mm).
However, some seasons with 280-500 mm or >500 mm rainfall were classified as
poor if the rainfall distribution was poor.

Field experiments

in 1990/91

The ridges used in the trial were set up in 1987. In each subsequent year the
ridges were reshaped in October while the soil was dry without destroying the
original ridges. As the soils were self-mulching, it was unnecessary to plough
the fields, whether or not planting was in the furrows or on the flat. Trials
with the three crops (sorghum, maize, and cotton) all compared the effect of
the previous crop, TFs, and population on grain yield, yield components, and
stover yield. The main factor was previous crop, which was split for different
cultivation systems (1.0-m TFs, 1.5-m TFs, and 1.0-m flats) and split again for
populations. During the 1989/90 season, the test-run year, the main plots were
grown to sorghum, maize, and cotton. There were a total of 27 treatments
replicated twice. The populations tested were 33 000, 66 000, and 99 000 for
sorghum, and 11 000,22 000, and 33 000 for maize and cotton.

71

After harvesting all the crops in 1989/90, the plants were cut at ground
level. Four days later, soil moisture measurements by gravimetric analysis
were made to determine the residual moisture.
The trials were dry-planted in mid-December 1990 after the failure of rains
in November and early December. However, the rain did not arrive until midJanuary 1991, and although emergence was good for all crops, the cotton had to
be abandoned because the remaining period of the planting season was
insufficient to allow the cotton to reach maturity. Only the sorghum and maize
crops gave yields.

Results

Surveys and economic

analysis

During an informal survey, it was ascertained from Agritex that the
cropping area per farmer averaged 2.5 to 3.0 ha, and a few farmers had fields of
up to 50 ha in area. Labour was found to be in sufficient supply, except weeding
time and harvesting time. Casual labour was found to be available from the
landless and those with small farms, and payment was either in kind or cash.
The main sources of cash for the farmers are off-farm work and farm sales. The
survey showed that 50-60% of farmers were satisfied with the yieldimproving effect of the technique. However, questions were raised regarding
the equipment used for making the TFs, and the workload required for making
them. Also the weeding requirements were compared to the farmers' practice of
scouring on the flat. Most of the farmers who agreed with the TF technique
were those who had attended field days where the advantage of the technique
had been explained to them.
The formal survey showed that cotton and sunflower are the major cash
crops in most years, with sorghum and maize contributing only in good-rainfall
years. The number of cattle per farmer have been severely reduced by the
recurring droughts of the 1980s. Traditionally stover was left in the fields for
communal grazing, but the survey revealed that farmers are now storing stover
for use during the dry season.
Table 1 gives a summary of the characteristics of early-adopting and
nonadopting farmers with regard to TFs. The term "early adopters" is used
instead of "adopters" to emphasize the fact that the survey was conducted at
an early stage of TF diffusion. The early adopters were those who grew the
major cash crops (sunflower and cotton) and who plan to expand the area under
TFs. A high percentage of both early adopters and nonadopters (64.3 and 68.7%
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respectively) said that less labour input is needed for planting in TFs than on
the flat.

Table 1. Summary of the characteristics of early and nonadopters of tied-furrows (TFs).
Parameters

Characteristics

Non-adopters Early adopters Total sample
(%)
(%)
(%)

Farmers who:
Hire labour
Use credit before starting
Take more credit after
starting
Extension contact Yes, once per week
Research contact Yes, visited station
Attended field days
Crops grown
Cotton
Sunflower
Maize
Sorghum
Tractor use
Used a tractor before
TF technique
Admitted that TFs
increase yields
TF-planting
More than on flat
labour needs
Less than on flat
Same as on flat
TF-weeding
More than on flat
labour needs
Less than on flat
Same as on flat
Future plans
Plan to try and expand
for TF use
area under TFs
Construction
Prefer tractors to
of TFs
animal draft
On-farm work
Yes
Labour hire
Use of credit

38.1
35.0
31.6

50.0
71.0
53.8

44.0
50.0
43.7

38.1
5.0
90.0
33.0
38.0
100.0
66.0
82.0
100.0

92.9
21.4
78.6
100.0
100.0
100.0
79.0
79.0
92.9

60.0
11.8
85.3
60.0
63.0
100.0
83.0
80.0
97.0

31.3
68.7
0.0
16.7
44.4
38.9
64.7

24.6
64.3
7.1
14.3
21.4
64.3
100.0

30.0
66.7
3.3
15.6
34.4
50.0
79.3

67.0

75.0

68.8

71.4

57.1

65.7

Table 2 gives a summary of the enterprise budget of one of the major cash
crops (cotton) under TFs and on the flat. The results of eight seasons, divided
into bad, mediocre, and good seasons were used. A summary of the yield of
sorghum, maize, and cotton during the eight seasons has been reported by
Nyamudeza et al. (in press). The TFs gave higher gross margins in all the
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years under review, and the eight-year mean on the TFs was 91% more than the
mean yield obtained on the flat.
Table 2. The enterprise budget summary for cotton 1983/84 to 1989/90 during poor,
mediocre, and good seasons, and the eight year season mean.
Land shaping

Yield t
(kgha-i)

Gross margin if: Gross margin
Gross margin
(Zim$ ha-'')
- return to cash
- return to
investment
family labour
($ per $) (Zim$ ha"' per seaso

Flat
Tied furrows

74
167

Poor season
-191
-21

0.10
0.85

-10.66
3.49

Flat
Tied furrows

618
919

Mediocre season
175
539

1.53
3.17

11.19
18.56

Flat
Tied furrows

1996
2286

Good season
1368
1703

359
4.69

35.40
40.09

Flat
Tied furrows

Weighted mean over 8-year season
785
353
2.02
1038
352
674

17.47
23.47

Experimental trial managed by farmers under supervision. It is assumed that
farmers will get only 90% the trial yield and thus present figures quoted are
adjusted i.e. 90% of trial yield.
Zim$5 = US$1.

Yield and yield components

in 1990/91

Table 3 shows the effect of previous crops on the yield and yield components
of sorghum. Sorghum following cotton significantly (P<0.05) outyielded
sorghum following maize and sorghum after sorghum by 18 and 104%
respectively. There was no significant effect on grains per head and 1000 seed
weight. Table 3 also shows the effect of cultivation systems on the yield and
yield components. The yield in the 1.0-m TFs was significantly (P<0.05) higher
than that in the 1.5-m TFs and in the flats. There were no treatment differences
in grains per head and the 1000-seed weight.
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Table 3. Effect of the previous crop and the cultivation system on yield and yield
components of sorghum and maize.
Sorghum

Maize

Yield
Grains 1000-seed
(kg ha-1) per head mass (g)

Yield
Grains 1000-seed
(kgha-i) per cob mass (g)

Parameter

Previous crop
- Cotton
- Maize
- Sorghum
S.E±
Significance
C.V. (%)

2697
??:%
1323
164.7
»
14

1623
1804
1521
117.5
NS
21

21
21
22
0.9
NS
13

932
538
421
45.4
*
37

355
275
246
22.2
**
23

306
306
233
18.4

Cultivation system
- 1.0-m tied furrows
- 1.5-m tied furrows
-1.0-m flat
S.Ed:
Significance
C.V. (%)

2448
1951
1911
120.1
*
14

1732
1612
1601
83.1
NS
21

21
20
23
0.7
NS
13

805
560
486
82.3
*
37

316
2%
262
15.7
NS
23

302
274
278
13.0
NS
20

*•

20

Significant at the 0.05 and 0.01 probability levels respectively. NS = not significant.

The effect of previous crops and cultivation systems on the yield and yield
components of maize was also assessed (Table 3). The maize following cotton
treatment significantly (P<0.05) outyielded maize after sorghum and maize
after maize. The number of grains per cob of the maize after cotton treatment
was also significantly more than the maize after sorghum and maize after
maize. The maize after sorghum gave the lowest grain weight compared to
maize following cotton and maize following maize. The 1.0-m TFs significantly
(P<0.05) outyielded the 1.5-m TFs and the flat. There were slight differences
between the number of grains per cob and seed weight, but there were no
significant yield differences between the populations in both the sorghum and
maize trials.
The stover yield was not significantly affected either by previous crops of
maize or previous crops of cotton. The traditional flat treatment, which had
the lowest grain yield, had significantly more stover than the TFs. There were
no differences between the populations in both crops.
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Residual

moisture

Figure 1 shows the effect of previous crops on residual moisture after
harvesting in June 1990. The indications were that cotton left more residual
water than sorghum and maize. A comparison of residual moisture between the
TFs (mean of 10- and 1.5-m TFs) and the flat at the end of the season showed
that the TFs had a slight advantage over the flats.

20

Total waicr (mm)
30
40
- • Couon
O

o Maize

A

A Sorghum

Figure 1. Total soil water content (mm) of six soil depths in June 1990 at Chisumbanje.

Discussion

Adoption

of TFs

For a new technology to be adopted by farmers, the technology must be both
technically and economically feasible. Sanders and Roth (1985) put forward
three assessment criteria for the adoption of a technology: (i) higher yield
advantage over the farmers' practice, (ii) profitability and (iii
compatibility with the target area's farming system. As reported by Jones et
al (1989) Nyamudeza (1991), and Nyamudeza and Mandinngana (1992) the
TF technique results in a yield advantage over the farmers' practice. The
results of the 1990/91 season trial also showed that the TF system, especially
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the 1.0-m TFs, gave higher yields than the farmers' practice of planting in
flats. Hence the TF technique addresses criterion (ii). A full enterprise budget
analysis was done on the main crop enterprises and, as shown in Table 2, the
budget for cotton showed that the TF technique is a viable technology which is
more profitable than the farmers' practice.
Table 2 also shows that farmers receive higher returns for both labour and
cash investments if they switch to the TF technique. A comparison of the
technique and farmers' practice across the seasons shows that bad seasons seem
to be unrewarding. This presents a problem because farmers do not know what
the season is going to be like until they are half way through it. The solution to
the problem would seem to be to stick to TFs.
From an informal survey, it was estimated that 30-60% of the farmers were
satisfied with the yield-improving effect of TFs, but rather concerned about
cash and labour. While these concerns might be understandable, the economic
analysis shows that TFs give better returns that the farmers' practice.
Nevertheless for the technique to be adopted without these too much
apprehension, two issues need to be addressed. The results of the formal survey
that followed a year after the 1990/91 season showed that about 67% of
farmers said that the labour requirement for TFs was less than for the flat
system. The present authors would contend that since water runs from the
ridges into the furrows, very few weeds grow on the ridges, which means that
the farmer only has to concentrate on the weeding in the furrows, and these only
account for about half the area of the field. However, using the available oxdrawn implements, weeding in the furrows is a difficult matter.
The farmers' positive response to the TF technique is reinforced by the fact
that 100% of nonadopters and 93% of early adopters have claimed that the
technology increases yields. Of the nonadopters, 65% had plans to try the
technology, and 100% of the early adopters planned to put more of their total
land area under furrows.

Residual moisture and yield
The 1990/91 season was difficult in terms of the amount and distribution of
rainfall. A normal rainy season starts from mid- to late November. Table 4
shows the monthly amounts and distribution of rainfall in 1990/91: only 31 and
23 mm were received in November and December respectively, and no planting
was done unfil 15 January, even after receiving 51 mm in six days. After
planting, there was a 23-day dry spell. After the dry spell, 140 mm fell in ten
days. In March, there were 15 rainy days but only three had more than 10 mm,
i.e. there were three days' with 16, 65, and 11 mm (Table 4). The total rainfall
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from six days before sowing to harvest was 324 mm, and this total was mainly
m a d e u p of showers of below 20 mm. According to Yule (1986), such small
showers are susceptible to evaporation.

Table 4. Monthly total rainfall and distribution in the 1990/91 season.
Date
October
1
2
3
4
5
6
7
8
9

November December

February

March

April

2.8
05
16.0
0.3
0.2

11.3
19.0
2.1

10

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
Totals

Month
January

1.9

in
21.6
1.5
1.2

0.7
1.5
4.4
3.4

5.0
8.2
11.0
3.7
0.4
14.9
0.2
172
77.0
2.7

0.3
0.4
6.2
11.9
10.5

17.0
1.7

5.4
65.3
0.8
0.5
0.4
1.7
18.7
0.3
1.6
0.3
11.0
0.1
9.8
1.4
1.0

4.5
0.0

30.7

229

51.0
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157.8

115.6

18.7

Although the 1990/91 season was difficult in terms of the amount and
distribution of the rainfall, relatively good maize and sorghum yields were
obtained from the TFs and from the crops that followed cotton. This was a
result of the reduction in runoff, the water concentration effect of the TFs, and
the residual moisture left by the cotton crop of the previous season. Soil water
measurements be Nyamudeza (1991) in the same region showed that throughout
the growth of sorghum there was more water in TFs than on the flat.
Contrary to the findings of the 1988/89 season reported by Nyamudeza and
Mandiringana (1992), which showed that cotton left the least amount of
residual moisture compared to sorghum and maize, the 1989/90 cotton crop left
more moisture than sorghum and maize. The crops which followed cotton in the
1990/91 season gave higher grain yields. The lowest )delds were from the crops
following sorghum. The results were attributed to the cotton growth and field
operations of the 1989/90 season, as discussed below.
The cotton of the 1989/90 season grew poorly and gave a mean yield of 444
kg ha"' (compared to 2953 kg ha'^ in 1987/88 season), which depleted a
considerable amount of moisture and led to a poor sorghum crop in 1988/89 as
reported by Nyamudeza and Mandiringana (1992). Table 5 compares the yield
and growth patterns of the 1987/88 and the 1989/90 cotton crops, and it is clear
that the latter was small and inferior. The poor cotton crop of the 1989/90
season was due to late planting (on 27 December in the 1989/90 season as
compared to 2 December in the 1987/88 season) and a serious attack by aphids
which resulted in defoliation of some leaves. The 1989/90 cotton never had a
full canopy cover. On the other hand, the growth of maize and sorghum was
normal and yields were relatively good, resulting in the use of more water for
the sorghum than for the cotton crop.
Table 5. Comparison of yield and growth characteristics of cotton grown in the 1987/
88 and 1989/90 seasons.
Season
Parameters

1987/89

1989/90

Yield (kg ha-i)
Bolls per plant
Boll weight (g)
Plant height (cm)
Branches per plant (no.)

2953
21
6.4
117
22

444
4
5.1
75
11
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The other reason why sorghum depleted more moisture than cotton and
maize in the 1989/90 season was that sorghum ratooned after the removal of
stover. This was not the case with maize and cotton and, as shown in Figure 1,
the residual moisture after cotton and maize was similar. The effect of a crop
on residual moisture seems to depend also on the growth pattern of the crop
after harvest. Sorghum has the ability to regrow if there is still some moisture
in the soil after removing the stover, and can reduce residual moisture or water
available for the following season. Similarly, if cotton is not removed after
the last pick, residual moisture can also be reduced. On the farmers' fields,
cattle are let loose into the fields after harvesting, and any regrowth of
sorghum is eaten up. Cotton is not palatable, and in most seasons if its growth is
not adversely affected by pests and diseases, it will continue to take up
moisture and reduce crop 5delds in the following year.

Conclusion
The rate at which the farmers are adopting the TF technique is
encouraging. This trend can be accelerated if suitable ox-drawn equipment for
constructing and weeding the TFs can be made available to reduce the fear some
farmers have that adopting TFs results in more work. The use of tractors also
needs to be looked into, which may be a policy issue for the government. At
present a government unit exists which can lease tractors to farmers, but the
service is not very efficient at present.
As for the crop rotation, farmers should be advised to pull cotton out soon
after the last pick so as to conserve moisture for the following season. Sorghum
can have the same effect as cotton if regrowth is not destroyed or eaten up by
cattle.
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SECTION II
ETHIOPIAN EXPERIENCE

Food and feed production strategies
for Vertisols in the Ethiopian highlands
ABATE TEDLA and GETACHEW ASAMENEW*

Farming in the Ethiopian highlands (above 1500 m asl) is crop-livestockbased and subsistence-oriented. Vertisols are one of the most important soil
resources in the highlands, extending over 7.6 million ha. These Vertisols are
agriculturally underutilized because of marked waterlogging problems in the
wet season.
Over the last six years, collaborative research in the Ethiopian highlands
has led to the development of a broadbed maker (BBM) in order to shape and
form ploughed land into broad beds and furrows (BBFs) so as to improve the
drainage of excess water from Vertisols.
Drained seedbeds on Vertisols open up opportunities for alternative
cropping systems.
These alternatives were conceptualized in a hypothetical
model. This paper discusses the results of the cropping systems tested on
selected drained Vertisols as envisaged in the same model. The cropping systems considered include single, sequential, inter- and alley cropping.
Farming in the Ethiopian highlands (above 1500 m asl) is crop-livestockbased and subsistence-oriented (Gryseels, 1988). The highlands are heavily
populated with humans and livestock (Getachew et al., 1991).
Vertisols cover 12 miUion ha of the total land area, and are consequently
one of the most important soil resources in Ethiopia. In the highlands alone,
Vertisols account for 7.6 million ha of the land area, only 26% of which is under
arable crops (Jutzi, 1986). However, potentially fertile Vertisols are waterlogged in the wet season (July-August), especially in high-altitude locations;
and high rainfall combined with low evaporation due to cool temperatures
(Table 1) intensifies waterlogging problems.
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Table 1. Altitude, monthly rainfall (nun) and mean temperature (°C) of the highlands Vertisol research location in Ethiopia.

Location

Monthly mean

Altitude
(m asl)

Annual CV
total (%)
Nov. Dec. or mean
-

Jan. Feb. Mar. Apr. May June July Aug. Sep. Oct.
Debre Zeit

1800

Rainfall
0.9
Temperature 18.9

49.9
20.4

95.9
20.9

86.3
20.7

49.4 1002 184.5 205.9 120.7
20.9 20.5 192 19.4 19.5

15.8
18.7

0.0
182

4.0
18.8

913.5
19.7

122
8.4

Ginchi

2200

Rainfall
3.6
Temperature 16.4

87.9
17.7

91.1 1012
17.9 17.5

65.0 147.6 243.2 236.5 126.3
17.7 16.4 15.7 16.0 16.0

26.0
14.8

2.4
14.6

15.0 1145.8
152
16.3

13.9
3.6

Shola

2400

Rainfall
3.7
Temperature 15.4

86.3
17.1

98.5 122.9
17.6 175

542 113.0 213.4 256.5 143.3
17.8 16.6 15.6 15.8 16.0

22.8
15.5

1.1
14.8

8.0 1123.7
15.0
162

10.5
1.8

Bichena

2600 +

Rainfall
10.7
Temperature 15.8

32.1
16.4

792

67.7
17.5

54.4 132.9 239.0 266.7 128.4
18.3 17.1 14.9 14.7 15.4

48.9
152

0.9
15.1

20.6 1081.5
15.3
16.1

26.4
3.1

Degollo

2600 §

Rafinfall
6.0 114.9
Temperature 14.5 142

70.9
14.1

67.3
14.6

69.4 121.4 278.3 263.7
14.3 14.6 13.9 13.4

49.1
13.9

8.5
14.0

8.3
14.1

0.0 1057.8
13.6
14.1

20.9
5.0

Inewari

2600 # Rainfall
2.1
++ Temperature 12.5

31.4
14.6

73.3
14.6

63.9
15.1

56.4
15.3

53.3 233.7 300.3
14.7 13.8 132

93.5
14.1

10.9
13.9

0.0
12.9

0.0
132

920.6
14.0

19.3
3.9

Debre
Berhan

2800

35.8
13.3

612
13.5

52.9
13.6

30.7
13.7

65.1 306.2 298.4 1142
13.6 13.1 12.9 12.5

10.4
11.1

22
10.8

5.9
11.1

987.8
12.6

14.4
2.6

00
OS

Rainfall
4.8
Temperature 11.7

+ = 1986-90; % = 1987-90; § = 1986-88; \ = 1986-87; # = 1986-89; ++ = 1986-88
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Plant growth is restricted even on fertile land when soil is waterlogged,
and as an escape measure farmers plant local crop varieties late in the season
after the excess water has drained off from Vertisol fields (Abate and Saleem,
1991). This practice, however, shortens the growing season, and as a result crop
yields are reduced (Berhanu, 1983). Crop-growing into the dry season is
affected by inadequate soil moisture, leading to poor performance, or in extreme
cases to crop failure.
Since 1986, the Joint Vertisol Project (JVP) - involving a number of national
and international research and development institutions in Ethiopia - has
given high priority to developing alternative management practices for
increased and sustainable food and feed production in highland Vertisols (Jutzi
and Abebe, 1987) The JVP chose the highland areas because Ethiopian
smallholders are already exploiting draught-animal technology and the
availability of large Vertisol areas within the higher-rainfall zone.
Research has led to the development of a broadbed maker (BBM) which
consists of two traditional ox-drawn 'mareshas'. With the use of BBMs,
ploughed land can be shaped into broad beds and furrows (BBFs) to improve the
drainage of excess water. Drained seedbeds open up opportunities for
alternative cropping systems, and these alternatives have been conceptualized
in a hypothetical model (Figure 1). This paper presents the results of the
cropping systems tested on a few of the drained Vertisols envisaged in the
model.

C r o p p i n g strategies for V e r t i s o l s
Traditionally, increased food and feed production has come from the more
extensive land cultivation. However, as population pressure increases on
Vertisols in the Ethiopian highlands, high yields will have to be achieved by
increasing productivity per unit area. Various cropping systems (single-,
sequential, inter-, and alley cropping) have been tested over the past years at
different location (Table 1).

Single

cropping

Crop such as teff, chick-peas, grass peas, lentils, and durum wheat are
planted late in the rainy season (August/September) and are usually grown on
residual moisture (Figure la). However, returns for invested land and labour
from traditional crops are inadequate to meet the food demand and cash needs
of the rising population in the highlands.
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Figure 1. Potential crop-forage production options for drainage on improved Vertisols
in the Ethiopian highlands.

On the other hand, improved bread wheat {Triticum aestivum) and durum
wheat (Triticum durum) varieties can be planted (Figure lb) on broad beds early
in the season.
Experimentally, both on-station and on-farm, early planting of wheat has
been feasible. Early planting allows full use of the long growing periods, and
therefore contributes to high yields of grain and fodder. Wheat planted in June
on drained Vertisols in the medium and high altitude sites of the Ethiopian
highlands gave high grain and fodder yields (Tables 2a, 2b) compared with
the traditional wheat production, which is less than 0.8 t ha"^. By using highyielding improved wheat varieties that respond to fertilizer, yields can be
increased even more. Early planting also helps to establish a vegetative cover.
Table 2a. The mean grain and straw yields (kg ha'^) of bread-wheat varieties grown on
drained Vertisols at Bichena and Inewari (high altitude highland sites) in
Ethiopia.
1989

Local check
HAR 407
Enkoy
ET13
P<0.05

1990

Grain

Straw

Grain

Straw

831
805
1203
1641

3456
1951
3751
4391

710
637
857
975

2622
1806
3279
2775

122

332

229

521

Table 2b. The mean grain and straw yields (kg ha'^) of durum-wheat varieties grown on
drained Vertisol at Akaki, Debre Zeit, and Ginchi (midaltitude highland
sites) in Ethiopia.
1989

Local check
Boohai
Cocorit 71
CIT 71/Candeal II
P<0.05

1990

Grain

Straw

Grain

Straw

1358
1446
1227
1571

3245
3781
3391
4096

1224
1232
1120
1430

3307
3039
2526
3430

245

318

122

756
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and therefore reduces erosion by protecting the soil from the direct impact of
raindrops.

Sequential

cropping with supplementary

irrigation

The work at Debre Zeit has shown that two grain crops can be grown
sequentially in one season (Figure Ic) with the application of one-time
irrigation for the second crop. In 1987 and 1988, early in the main rainy season
(June), wheat was planted on a Vertisol after improving drainage by a
broadbed maker. After the wheat harvest, chick-pea followed on the same
field with minimum supplementary irrigation (Table 3).
Table 3. The main jdelds (kg ha"^) of a sequential cropping system (wheat followed by
chick-pea with supplementary irrigation) at Debre Zeit in 1987 and 1988.
First :ropping •• wheat

Second cropping • chick-pea

Year

1987
1988

Grain

Straw

Grain

Straw

1600
2100

3200
4300

1390
1290

2160
1520

Adapted from Abiye et ah (1992)

Rainfed sequential

cropping

This is when two crops are grown during the year, food crops after forage
crops. With this system, the two crops do not overlap, the second being sown
only after the harvest of the first.
In the Ethiopian medium-altitude Vertisol sites, namely Ginchi and Debre
Zeit, an experiment was carried out with forage crops in the rainy season
followed by food crops in the postrainy season in order to identify forage/crop
schemes which could be grown sequentially within the same growing season
(Figure Id).
Oats (cv. 8251 and cv. lampton) were sown pure or in combination with
vetch (Vicia dasycarpa) in mid-June and harvested for herbage in late August.
The forage crop was followed by one of the four food crops of chick-pea {Cicer
aretinum), grasspea {Lathyrus sativum), durum wheat (cv. Baher Seded and cv.
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Tekur Sende) in separate plots. These food crops were sown towards the end of
the main rains (late August) and grew into the dry season on residual moisture.
From the first forage crop, oats cv. lampton or cv. 8251 grown pure or mixed
with vetch, 3-4 t dry matter (DM) ha'^ was produced (Table 4). As the oats was
harvested at the early-heading stage, its feed quality was high; but the
quality of oats was further enhanced when grown with vetch (Table 5). This
strategy will be of importance in constrained-land situations where animals
have little to graze as most of the land is taken up by food crops.
Table 4. The overall mean yields of a sequential system (forage crops followed by
food crops) used at Debre Zeit and Ginchi (midaltitude sites) for the 1990
and 1991 cropping seasons.
First cropping
Forage crop

DM yield
(t ha-^)

Oats cv. 8251 (pure)
Oats cv. 8251/vetch
Oats cv. lampton (pure)
Oats cv. lampton/vetch
SE+
t
ij:

Second cropping
Food crop

4.1
4.4
3.9
4.3

Chick-pea
Grass pea
Wheat (local) 1 t
Wheat (local) 2 J

0.11

SE+

Grain yield
(kg ha-i)

Straw yielc
(kgha-^)

730
1092
459
409

784
1140
639
601

0.02

0.31

Local 1 refers to cv. Tekur Sende.
Local 2 refers to cv. Baher Seded.

The oats and vetch grow only for ten weeks prior to harvest, as
traditionally Vertisols are waterlogged at this time of the year. The second
crops, namely chick-pea, grass pea, and durum wheat (cv. Tekur Sende and cv.
Baher Seded), occupied the beginning of September to January. The results on
grain and straw yields are presented in Table 4. Grass pea (Lathyrus sativa)
was the high yielder followed by chick-pea.

Mixed cropping

(wheat/clovers)

Early planting of wheat in association with clovers (Figure le) on
drainage-improved Vertisols in the Ethiopian highland locations showed no
adverse effect on wheat grain yields (Abate et al, 1992). Furthermore, the
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Table 5. The mean nutritive value (%) of rainy-season forage crops on drained
Vertisols in medium altitude zones of Ethiopia in 1991.
Site

Forage species

Debre Zeit

Oats cv. 8251
Oats cv. 8251/vetch
Oats cv. lampton
Oats cv. lampton/vetch

Organic
matter

Crude protein
(%)

IVDMD t
(% DM)

885
88.3
88.6
88.0

9.01
9.90
10.10
12.03

72.06
79.98
74.97
73.43

0.63

0.69

7.00
9.09
7.14
9.83

72.70
71.64
74.26
72.64

0.72

053

SE±

050

Oats cv. 8251
Oats cv. 8251/vetch
Oats cv. lampton
Oats cv. lampton/vetch

Ginchi

90.7
89.1
89.7
885
0.48

SE±
t

In vitro dry-matter digestibility

quality and quantity of fodder from the naixture increased compared to fodder
(crop residue) from wheat alone.
Legume-based cropping may be attractive to the smallholder farmer in the
highland, where poor nutrition is a major constraint to livestock productivity.
Since clovers {Trifolium sp.) under wheat may fix atmospheric nitrogen, the
companion cereal crops may benefit from it (Ahmad, 1986; Tothill, 1987).
On-station success from wheat/clover mixed cropping for maximizing
productivity (grain and fodder) is now being tested on-farm beginning from 1992.
The on-farm testing is to be carried out at Ginchi (2200 m asl) and at Debre Zeit
(1800 m asl), which are both in medium-altitude zones. At each site, ten
farmers who were early adopters of planting improved wheat on BBFs will be
involved in this study.

Feed

garden

This is a combination of herbaceous and browse legumes (Figure Ih) to be
used for supplementary feeding, especially for intensive dairy or fattening
operations.
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Herbaceous legumes such as Lablab purpureus, Vigna unquiculata, Vicia
dasycarpa and Trifolium stendneri have shown considerable promise in the
medium-altitude highlands, with yields of u p to 4.5, 4.8, 2.9, and 2.3 t ha"'
respectively. These herbaceous forage legumes can be grown in small plots
between alleys of permanent browse legumes such as Sesbania sesban, highland
type Leucaena sp. and Chamaecytisus
palmensis, which intensify feed
productivity per unit land area.
A combination of browse and herbage legumes provides an opportunity for
producing high-quality herbage all the year round. Trees are deep-rooted and
therefore could take u p nutrients and moisture from deeper profiles, thus
ensuring growth during the dry season.
Dry-matter production of 2.0, 2.5, and 3.0 t ha'' have been recorded from
Sesbania sesban, Leucaena pallida and Chamaecytisus palmensis (Tagasaste)
respectively in the highland sites.
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Land preparation methods and
cropping systems for agricultural
production on Vertisols: lAR's
experience
HAILU REGASSA*

The primary objective of the Vertisol management programme is to tackle
the major crop production constraints. The research service is directed towards
that end, and the research achievements have been quite rewarding. Onstation and on-farm results have been successful, and increased crop production
technology for Vertisol management has been attained. Efficient and fruitful
linkage with different national and international institutions helped to
promote better understanding of the current 'state of the art' of the technology
for Vertisol production and utilization.
Ethiopia has a total geographic area of 122 million ha with a population
of approximately 50 million. Vertisols cover 10.3% or 12.6 million ha of the
land area, and are the fourth most important agricultural soils after Lithosols
(16.2%), Cambisols (15.3%), and Nithosols (11.8%) (Berhanue Debelle, 1985).
They occur under different agroecological zones and climatic conditions.
Although they are known to develop from a large variety of geological
materials, they have been found to be most common on alluvial/colluvial
deposits of various origins - basalts, trachytes, basic tuffs, mesozoiol limestone
and marls, and pre-Cambrian metamorphic rocks and andesites.
The land use of these soils varies widely, with a considerable percentage
producing cereals, pulses, and oilseeds, and a larger part still remaining under
grazing and fallow. The production of these crops still depends to a very extent
on both human and arumal power. The physical characteristics of Vertisols

Institute of Agricultural Research, PO Box 2003, Addis Ababa, Ethiopia.
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coupled with the limited resources of small farmers limit crop production on
these soils.
Environmental conditions
In Ethiopian rainfall patterns show considerable variations over short
distances and are also influenced by altitude. To examine the effect of the
variability of climate, soil, and water availability on agricultural
productivity, agroclimatic data for nine Vertisol locations were analyzed
(Hailu Regassa et al, 1987). In some parts of the Vertisol areas, the rainfall is
biomodal and a considerable water surplus occurs in July and August (Table 1).
Due to waterlogging problems, effective surface drainage is necessary to enable
farmers to use the full rainy season and the postrainy season for crop growth.
Removal of the excess water stress also allows planting of high-yielding crop
cultivars, and the presence of vegetation cover reduces soil erosion. The mean
temperature varies little from month to month. In the highlands the mean
monthly maximum temperatures are above 20 °C and the minimum temperatures
are below 15 °C. In the winter months from October to February the minimum
temperatures are quite low. Frosts are common in the highlands.

Distribution
Vertisols and associated vertic soils cover approximately 15.2 million ha.
Figure 1 shows the major Vertisol areas in the country. These soils are spread
over eight administrative zones, mainly concentrated in the central,
northwestern and southeastern zones (Table 2), either as one of the dominant
soils or as an inclusion in other soils.

Properties
Vertisols differ in their chemical and physical properties, and thus in
their agricultural management characteristics. A detailed knowledge of these
properties will allow conclusions with regard to the management of these soils
for maximum crop production. They are generally deep, heavy-textured, with
high bulk densities, and their pH varies from acid to alkaline. The
predominant exchangeable cation is Ca. Deficiency of N and P is common in
these soils (Table 3). The very poor physical conditions and the extremely low
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Table 1. Rainfall and temperature (max. and min.) during the crop-growing seasons in four locations: average of 30 years
for Holetta, 8 years for Ghinchi, 10 years for Sheno, and 10 years for Woreta.
Parameters

vo
^

Jan.

Feb.

Mar.

Apr.

May

Month
June
July

Aug.

Sep.

Oct.

Nov.

Dec.

Total
or mean

Precipitation (mm)
Max. temp. (°C)
Min. temp. (°C)

13
23
3.2

30
23
5.4

94
23
8.1

Ill
22
9.1

Holetta
130
101
22
22
8.7
7.8

170
19
9.0

266
19
9.3

127
20
8.8

18
20
4.4

9
22
2.7

113
22
2.4

1182
21.4
5.9

Precipitation (mm)
Max. temp. (°C)
Min. temp. (°C)

11
23
6.8

37
24
8.7

72
25
9.8

90
23
11.1

Ghinchi
133
147
25
23
9.5 10.4

217
20
11.4

190
22
12.5

128
21
10.7

33
22
7.8

28
23
6.3

5
23
9.9

1019
22.8
9.6

Precipitation (mm)
Max. temp. CO
Min. temp. (°C)

0
18
4.1

0
16
5.2

119
19
5.5

49
20
5.3

Sheno
70
147
20
19
5.4
4.5

544
17
5.0

302
16
5.3

117
16
5.0

29
17
4.5

2
17
3.0

0
16
2.0

1389
17.6
4.6

Precipitation (mm)
Max. temp. (°C)
Min. temp. (°C)

3
29
10

4
30
11

5
30
11

25
30
12

Woreta
70
182
30
29
11
10

477
25
10

390
25
10

193
26
10

61
28
10

17
28
10

10
29
10

1437
28.2
10.4

•i

Pellic Verüsol

I I

Vertic Cambisol

^M

Chromic Verlisol
Vertic Luvisol

Figure 1. Areas of major distribution of Vertisols and Vertic soils in Ethiopia (MOA,
1987).
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Table 2. Distribution of Vertisols and soils with vertic properties in Ethiopia.
Administrative zone

Total Vertisol area
(million ha)

% of total

1.6
2.7
2.0
1.6
1.6
1.2
0.3
0.9

35
27
14
16
26
13
10
13

1.
Z
3.
4

Central
Northwestern
Western
Southern
Southeastern
5. Eastern
Northeastern
Northern

Soil group
Pellic, Vertic Cambisols
Vertic, Luvisols, Chromic
Pellic
Pellic, Vertic Cambisols
Pellic, Vertic Cambisols
Vertic Cambisols
Pellic
Vertic Cambisols, Chromic

Table 3. Some chemical characteristics of Vertisols.
Site

Ghinchi
Sheno
Melka Werer

Clay
(%)

pH (1:2)
H2O

OM
(%)

Total N
(%)

P2C%
( m g kg-i)

( c m o l kg-^)

59
39
50

6.47
5.44
7.8

2.54
4.23
2.0

0.13
0.26
0.08

1.98
3.45
5.25

42-80
20-50
47-59

CEC

permeability of Vertisols during the rains is the direct result of the high
content of swelling-type clays.

Land use
Vertisols, commonly known as black clay soils and associated soils with
vertic properties cover approximately 15.2 million ha in Ethiopia. About 70%
of these soils are in the highlands with high rair\fall, which means that they
are subject to waterlogging. The use of these soils for optimum agricultural
production must therefore involve the removal of surplus water to allow the
soils to dry out, crack, and restore aeration to prevent the crop suffering from
waterlogging. In order to make use of these soils, farmers grow local cultivars
relatively resistant to waterlogging, or make ridges as a means of improving
drainage, while others provide single waterways to remove excess water.
Large areas under Vertisols in the region are used for grazing. Under the
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traditional system, late planting (mid- to late August) of crops has been the
usual practice, with crops maturing on residual moisture. This moisture level is
generally inadequate, often resulting in poor yields. Studies carried out at
research sites since 1968 concentrated on how best to manage these soils for crop
production.
Improved m a n a g e m e n t of Vertisols for agricultural production
Some of the major limitations for crop production on Vertisols are poor
drainage, difficulty of seedbed preparation, and low soil fertility. In the high
altitudes, the impact of low temperature also complicates the soil problem.
Efforts were made to tackle these problems to fully utilize these potentially
productive soils. The research results have contributed a lot to our
understanding of Vertisols in general and also of the specific problems which
they present.

Fertility

management

Experimental results from NP fertilizer trials on various field crops showed
that grain yields could be substantially increased with the application of N
and P fertilizers. There was a marked N response in most of the crops tested
(lAR, 1972, 1976, 1978). Maximum barley yields were obtained at Sheno,
maximum grain yields at Noug, and at Holetta linseed, teff, and bread wheat;
all were obtained with 90 kg ha'^ of N. The high response to N is obtained
because total N in most Vertisols is low. Because of rapid nitrification, most N
is subject to leaching or denitrification soon after application. For most crops
there was also a marked response to P fertilization (lAR, 1972, 1976, 1978). At
Sheno, barley reached a peak yield of 2057 kg ha"^ with the application of 13
kg P ha"^ At Ghinchi, a significant response was observed for teff at 40 kg P
ha'^ and for bread wheat at 20 kg P ha"^.

Land preparation
Improved land and water management practices are applied to alleviate
waterlogging, which arises due to the physical properties of Vertisols. The
drainage problem has in fact been a major concern, and was the subject of a
detailed study at Ghinchi and Sheno. With the development of improved
drainage to remove excess water, and proper selection of crops, it is possible to
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plant early. The main purpose of this study was to encourage early planting in
poorly drained areas by introducing a system that facilitates efficient
drainage, and to determine the benefit from fertilizer on well-drained fields.
In early years, different drainage systems - cambered beds, and the mouldboard
plough vs. the local plough were examined with regard to drainage efficiency.
The best yields of barley were obtained on cambered beds (Table 4).
Table 4. The effect of seedbed preparation methods and N/P fertilizer application
rates on mean grain yields of barley (Sheno, 1979-84).
Fertilizer rate
(kgha-i)
N/P

Grain yield (kg ha'')
Local plough (LP)

0/0
30/13
60/26
90/40

Mouldboard plough (MP) Cambered beds (CBs)

200
630
870
1090

400
690
1230
1410

780
1200
1670
1990

Source: Taye Bekele (1986)
On the other hand, BBFs established with the broadbed maker (BBM)
provided better surface drainage than traditional methods (Table 5). The main
component of this trial were animal-drawn implement, wheat variety ET-13,
early planting, and research recommendations on seed and fertilizer rates. The
traditional farmers' practice was also included in this trial.
Table 5. Grain yield of wheat after improved surface drainage at Ghinchi in 1990.
Yield (kg ha'')
Treatments
BBFs and var. ET-13
BBFs and local var.
Flats and local var.

Sitel

Site 2

Site 3

2860
2115

2560
1935
1005

2710
1825
1005
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As shown in Table 5, the plots with BBFs and the improved variety
outyielded the BBF plots with the local cultivar.

Implements
The animal-drawn BBM developed by ILCA is the most efficient
implement for the Vertisols in Ethiopia. For successful implementation of the
improved Vertisol management system we have observed that it is necessary to
carry out all the operations in time and effectively. In a series of on-farm tests
BBF increased the grain yield of bread wheat by 78% over the traditionally
managed plots (Jutzi et ah, 1987). In several Vertisol locations BBM was
demonstrated to farmers by the research and extension department of lAR.
Participating farmers were selected for this purpose. Each field was divided
into two parts, one part with the traditional land preparation method and
sown with land races and the other with BBF and the improved seed. The
grain yield advantage due to the improved drainage and seed was higher than
the traditional one Table 6.
Table 6.

Year

1988
1989
1990

Mean grain yield of bread wheat on improved and traditional land
preparation methods (1989-1990).
Yield (kg ha-'')

No. of
demonstrations
3
4
10

Mean

Percent
increase

Local method

Improved method

800 (600-1050)
780 (500-1050)
960 (700-1150)

1250 (900-1400)
1830 (1500-2350)
2230 (1740-3250)

56.3
134.6
132.3

850

1770

107.7

Cropping systems
The efficiency of a cropping system on Vertisols is primarily determined by
the distribution and amount of rainfall (Kanwar et ah, 1982). In Ethiopia, the
soil characteristics and the extent of the growing season have an impact on
yield. In the highlands, because of the difficulties in managing wet sticky soils
during the rainy season, crops are sown before the main rainy season or towards
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the end of the main rainy season, or on residual soil moisture (Figure 2). The
cropping systems of traditional farming practices on Vertisols are shown in
Table 7. It is evident that crop productivity on Vertisols can be increased
through early planting and improved surface drainage. Appropriate cropping
systems are required in order to make efficient use of the whole growing season.

J F M A M J

J

A

S

O

N

D

Months
P
H

=
=

planting
harvesting

Figure 2. Rainfed cropping on a Vertisol at Sheno: average of rainfall and temperature over a period of eight years.
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Table 7. Crop production techniques on Vertisols of the central highlands, Ethiopia.
Seasons
Parameters
Month
Amount of rain
(% of total)
Crops grown

Short rainy

Main rainy

February to mid-May

July to September
70-75

25-30

Postrainy
October to January
(Residual moisture)

Teff, barley, wheat, Lentil linseed, chick-peas
Barley, wheat,
peas, wheat, faba beans,
faba beans, field peas faba beans,
field peas
field peas, vetch,
rapeseed

A preliminary observation on forage legume undersown to cereals at Sheno
indicated that I. tetnbense established successfully. To establish this species,
it is best to plant it before mid-June. An experiment was conducted at Ghinchi to
determine the N contribution of forage legumes to the yields and stover quality
of the subsequent crop/cereal. During the first year of the experiment, three
forage legumes, wheat with fertilizer, and wheat without fertilizer were
sown. A fallow was kept for control, and dry-matter weight was recorded
(Table 8). In the second year, all the plots were planted to cereals (wheat) in a
split plot design with and without fertilizer (Table 8). There was a marked
response to fertilizer application after Mellilotus altisimus.
The residual
effect of fertilizer gave higher grain and straw yields of wheat but gradually
declined in the third year when all the plots were sown without fertilizer
(Table 8).

Conclusions
From the standpoint of drainage problems, Vertisols of the Ethiopian
highlands are waterlogged. Research over the last three decades has
conclusively established that there is a remarkable potential for increasing
crop yields through improved drainage. Response to N and P fertilizers were
also quite high. More studies are needed on cropping systems a n d the
management Vertisols on the lowlands.
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Table 8. Contribution of nitrogen by legumes to cereals (wheat) in Ghinchi, Ethiopia.
Treatments
In 1988

Trifolium
quaratiniancim
Vicia dasycarpa
(vetch)
Mellilotus
altisimus
Wheat
Wheat+N
Fallow
+
ij:

In 1989

Yield (ha"^)
In 1988

In 1989

In 1990

Dry matter
of straw

Grain
(i)t (ü)t

Straw
(i) (ü)

Grain
(i) (Ü)

Straw
(i) (ii)

wheat

5.8

2.69 2.14

4.9 3.6

1.60 1.62

3.2 3.5

wheat

3.4

2.74 2.14

5.9 3.7

1.43 1.41

3.2 2.9

wheat

4.0

3.61 2.43

6.4 3.7

Z05 1.62

4.1 3.4

wheat
wheat
wheat

3.4
3.7
-

1.96 1.11
2.34 2.83
2.29 1.17

3.3 2.3
4.8 5.8
4.1 2.4

1.43 1.30
154 2.21
1.29 1.23

3.3 2.8
4.9 3.7
3.0 2.4

Fertilizer applied in 1989 only,
No fertilizers.
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Determinants of demand for fertilizers
in the Vertisol cropping systems of the
Ada and Lume regions of Ethiopia
GEZAHEGN AYELE and TEKALIGN MAMO*

An analysis of the demand for fertilizers for use on Vertisols in Ada was
done with the broad objective of assessing factors which determine the demand
for fertilizers.
Preliminary results revealed that family size, farm size,
income, distance, price, number of oxen, and yield are important factors
influencing fertilizer use in Ada. The analysis also indicated that in the Lume
area, rainfall availability, the timely delivery of fertilizers, farm sizes,
income (but not price) were significant determinants of the level of demand for
fertilizer.
Diammonium phosphate was found to be the most widespread
fertilizer used for all the crops grown on Vertisols in the region. Indeed, in all
cases, suboptimal use of fertilizer is being practiced - with different methods of
application, both deviating from and following recommended rates and
practices. Only a few farmers are applying the recommended periods of
rotation to maintain soil fertility. Some policy issues regarding the use of
fertilizer are also discussed.
The importance of the agricultural sector in less-developed economies like
Ethiopia is obvious, because it forms the backbone of the economy. In Ethiopia
agriculture accounts for 46% of the GDP, and close to 90% of the country's
exports, and it provides employment for about 86% of the total labour force.
The country is endowed with adequate arable land resources coupled with a
large agricultural population; but at present only 10% of the arable land is
cultivated. Not only is the amount of cultivated land small, but the yield per
unit of land area is also very low. Consequently the economic plight of peasant
farmers, who constitute the vast majority of the population, has been described
Agriculhiral Research Center, PO Box 32, Debre Zeit, Ethiopia.
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in as a web of low productivity and low farm income, with a limited surplusgenerating capacity.
Recently an effort has been made to increase the level of agricultural
productivity by injecting modern technologies. Among the technological
packages used by peasants, commercial fertilizer is the most important and the
most widely used. As late as 1967, the concept of commercial fertilizer did not
exist amongst the common farmers in the country except on commercial farms.
One of the few attempts to introduce commercial fertilizers was made by H.F.
Murphy, a soil scientist at the College of Agriculture in Ethiopia, who made a
series of fertilizer trials from 1956-1964 (Murphy, 1968). Following his
initiative, the FAO Freedom from Hunger Campaign in collaboration with the
Ministry of Agriculture (MOA) launched a nationwide fertilizer demonstration
programme in 1967. In its three years of operation, the programme covered
many parts of the country, and successfully demonstrated the increase in
physical yield. Since 1973, the use of fertilizer by the peasant sector has
increased dramatically and has become the most effective single component of
the technological package. The consumption by the peasant sector has
increased from 13 000 t in 1976 to 51 000 t in 1979. The establishment of certain
agricultural projects in the country, namely the Wolita Agricultural
Development Unit (WADU), and the Chilalo Agricultural Development Unit
(CADU) gave greater impetus for the consumption of fertilizers supplied
through the MOA. Quite recently the MOA terminated the previous fertilizer
trials (half-hectare trials) and replaced them by comprehensive National
Field Trials Programme (NETP), which is designed to address the critical
aspects of basic research: adoption testing, validation under farming
conditions, and widespread demonstrations of proven technologies to the
farmers. More than 800 Dispersed Simple Fertilizer Trials (DSRT) at Shewa,
Gojam, Arsi, and Bale were conducted between 1988 and 1991. Soils and soil
fertility studies have been also conducted by various research institutions in
the country.
While demonstrations and trials often have a successful outcome with the
use of fertilizers, the trials in question did not take account of the wide range of
circumstances which limit farmers' options and determine their actions. The
use of fertilizers can be affected by a combination of natural, social, and
economic factors. Moreover, researchers both from developed and lessdeveloped countries have aroused research interests on fertilizer demands and
have attempted to empirically analyze factors determining demand both at
farm and national level (Leonard, 1969). The interplay of these different
factors has manifested itself in various ways in the Ethiopian peasant farming
system. In order to study the factors determining the use of fertilizers, two
central highland regions, representative of the 12.3 million ha of Vertisol land
found in the country, were chosen for the investigation (Jutzi, 1986). The study

108

was carried out in order to assess the factors affecting the demand for fertilizer
at farm level, to determine the factors influencing the demand, and to analyze
the farmers' practice in making use of fertilizers on Vertisols.

Materials and methods
For an empirical analysis, a detailed set of quantitative and
nonquantitative information concerned with farm output, factor input (farm
size, household size, fertilizer application on major crops credit, soil type, and
price of fertilizers) were collected. To initiate the project, a pilot survey in the
form of a questionnaire was addressed to heads of households to obtain data on
the 1990-91 cropping season.

The sampling

procedure

The sampling process involves a multistage-sample selection procedure.
The two areas selected for the study are similar in many respects. They lie in
the same highway link and are linguistically and ethnically similar. Both
areas are in close proximity to each other and have a nearly homogeneous
farming system. They represent the characteristic features of the central
Ethiopian highland Vertisol cropping systems.
A list of all peasant associations (PAs) in each of the two regions was taken
from the regional offices of the MOA. Five or six PAs were selected from each
district. Then 10-15 heads of households (farmers) were selected randomly
from each PAs. It was also assured that none of the selected PAs was less than
10 km from the nearest market, in order to minimize possible bias against urban
influence. Secondary data has also been used to a lesser extent from MOA
regional offices, the Central Statistical Authority (CSA) and the Institute of
Agricultural Research (lAR). A unit from the Debre-Zeit Agricultural
Research Centre of Fertilizer and Soil Research (FSR) was used to substantiate
and cross-check the primary data.

Specification

of the model

By specifying the demand equation in linear and loglinear forms, we
implicitly assume the Cobb-Douglas fertilizer response function. The demand
function implied is estimated using farm-level (micro) data in the following
form:
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log a + XI log bl + X2 log b2 + X3 log b3 + ...
X5 log b5 + X6 log b6 + ... + Xn log bn.

logY
where:

XI
X2
X3
X4
X5
X6
X7
X8
X9
XI0
XI1
XI2
X13
XI4

=
=
=
=
=
=
r=

=
=
=
=
=
=
=

household size
age of the farmer
education
farm size
number of oxen
income
credit
time of fertilizer delivery
natural manure
fertilizer: crop price ratio
distance from market
yield in kg ha"^
fertilizer application ha'^
rainfall (in mm)

Nearly all the farmers in the two districts are aware of the agronomic
potential to be derived from the use of fertilizers at varying levels of
application. This rate of application differs within a sizeable group. In fact
the rate depends among other things on the type of crop grown. The rate of
application by a particular crop depends on the objective of the farmer, i.e.
whether he seeks to meet his demand for food in the family or seeks to
maximize profits by selling the produce.
The region is one of the oldest agricultural regions of central Ethiopia, and
the characteristics of Vertisols (hard when dry and sticky when wet) can be
clearly observed there. The altitude ranges from 1600-2000 m asl. The main
crops grown are teff, wheat, and pulses. There is a high population pressure on
these Vertisols, which are generally regarded as marginal for cropping, and
consequently there is a strong need to improve the status of the soil fertility and
drainage conditions and to increase productivity to support an ever-increasing
population. The amount of commercial fertilizers consumed in the region has
shown a substantial increase (Table 1).
The two commonly used fertilizers are DAP (diammonium phosphate) and
urea. However, the rate of application varies significantly among and between
the fertilizers and crops. Often, the rate is more for teff and less for wheat,
reflecting perhaps the overriding objective of meeting local food demand and
marketability from the smallest possible plot of land. More DAP than urea is
used by the farmers, and DAP is the most popular fertilizer both in the Ada
and Lume regions. The application rate observed on teff is much more intensive,
both within and between regions, giving application rates of 87-100 kg DAP
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ha'^ and 30-38 urea kg ha'^ which is just over and just under the recommended
rate of 60.2 kg N and 26.1 kg of P (or 130 kg DAP and 80 kg urea ha'^). O e r 80%
of the farmers in Ada apply just below the recommended rate (Table 2). This
rate seems to be much more dispersed among the regions of Lume, although the
modal application lies between 93-113 kg ha^^ for DAP and 10-16 kg ha'^ for
urea (Table 2).

Table 1. Fertilizer consumption by peasants in Ada and Lume (1976/77-1980/81).
Ada

Lume

Ypar

1976/77
1977/78
1978/79
1979/80
1980/81

DAP +

Urea

Total

DAPt

Urea

Total

1562.0
1662.0
1300.1
1679.3
2116.8

494.3
556.7
553.7
790.1
1028.8

2027.6
2215.7
1853.8
24695
3145.7

1454.4
15625
1084.8
1330.7
1590.7

649.4
718.4
410.6
626.7
740.8

2103.8
2284.2
1495.4
1957.4
2336.3

+ DAP = diammonium phosphate
Source: Ada Regional Office, Ministry of Agriculture.

Table 2. Frequency distribution of DAP application of teff.
Lume

Ada
Group
number
1
2
3
4
5

DAP Frequency
(kgha-i) (number)
73-86
87-100
171-184

Total

5
38
1
44

(%)
11.4
86.3
2.3
100

DAP Frequency
(kgha)-^ (number)
30-50
51-71
72-92
93-113
177-198

2
0
5
13
7
17

(%)
7.4
0.0
185
48.2
25.9
100

Source: Author's survey.

The above consideration leads us to believe that the large percentage of
farmers apply DAP rather than urea. Apparently the proportion of fertilizer
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consumption is close to 2:1 of DAP to urea, with little or no compound fertilizer.
Given the fact that DAP normally contains 18% N and 46% P2O5, close to 18 kg
N and 46 kg P2O5 is applied to a hectare of land if one quintal (100 kg) is taken
as the standard rate. Farmers apply extremely high levels of P (Table 3),
although it has been claimed that the Vertisols in the region are nitrogendeficient and respond less to P.
Table 3. Frequency distribution of urea application on teff.
Ada

Lume

Group
kgha'^

Frequency
(number)

(%)

kgha'^

Frequency
(number)

(%)

11-20
20-29
30-38
39-47
48-56
57-65
66-75
76-84

1
2
28
7
1
1
1
3

2.3
45
63.6
15.9
2.3
2.3
2.3
6.8

3-9
10-16
17-23
24-30
>30
-

1
16
1
8
1
-

3.7
59.3
3.7
29.6
3.7
-

44

100

27

100

Source: Author's survey and computation.

As can be seen from the table, there is a significant variation in the
distribution of fertilizer application in Lume and Ada for urea. Farmers often
apply little or no urea in some cases, except during heavy rainfall. The method
of application differs slightly from area to area. All fertilizers are handbroadcast on the soil surface, and are subsequently incorporated. Usually, there
are two split applications of urea on Vertisols in Ada, where there are severe
waterlogged conditions. Topdressing is done for teff and wheat at the tillering
stage. The practice is more common is Ada than Lume, where in some cases no
split application is practiced. On the other hand, the majority of the farmers
in Lume practice only one application. This indicates that, the Vertisols in
Ada require more management than those in Lume.
The traditional soil management system practiced by farmers includes a
range of systems that allow the agricultural use of Vertisols using animal
power. In some cases, late planting is being practiced to avoid ploughing in wet
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fields. The most widely used system in Ada, as reported by 68% of the farmers,
is a surface drainage system to get rid of excess moisture out of the field through
the furrows, but this practice is virtually nonexistent in Lume. Suboptimal use
of fertilizer (deviating from the recommended rate) is practiced in Lume, where
only a few farmers apply the reconvmended rate. At times, when a shortage of
fertilizer prevails the fertilizer rate recommended for one hectare is sometimes
applied on two or more hectares. This may reduce fertilizer efficiency to the
point where it may be too low to have a significant effect on yield.

Determinants of fertilizer consumption
The regions under study are, directly or indirectly, relatively favoured
with regard to rational fertilizer distribution practices by the fact that they
are defined as surplus-producing regions. However, suboptimal use of fertilizer
still prevails. Of course there are a multitude of factors which influence the
demand at farm level. We fitted an econometric demand function to the data,
using the total consumption of fertilizers as the dependent variable. The
results obtained from cross-sectional data are presented in Tables 4 and 5.
Table 4. Results from cross-sectional data at Ada and Lume (in linear form).
Ada

Lume

Family size

XI

17.555**
(11.66)

14.01
(11.79)

Age

X2

-45.217
(35.407)

49.72*
(27.75)

Education

X3

68.840
(28.212)

-48.31
(31.56)

Farm size

X4

23.07
(23.94)

-24.15*
(15.75)

Number of oxen

X5

32.29
(26.80)

3.245
(21.30)

Income

X7

19.04
(0.0056)
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0.041**
(0.0021)
Continued next page

Table 4. (cont'd)
Ada

Lume

Credit

X8

98.96*»
(12.66)

27.82
(70.68)

Time of delivery

X9

-42.94
(10.33)

10.617
(8.244)

Manure

XIO

102.01»»
(87.53)

-5.41
(8.03)

Fertilizer crop price

XI1

-12.94»»
(36.17)

45.53
59.57)

Distance

X12

68.67»»
(36.17)

-21.81»»
(10.07)

Yield

X13

0.249»»
(0.0924)

0.034
(0.592)

Fertilizer

X14

12.53
(5.10)

13.34*
(3.13)

Rainfall

X15

15.19
(6.66)

8.72*»
(5.56)

n
R^

=
=

60
63

M

R2

=
==

44
67

*, »» : Significant at the 0.05 and 0.01 probability levels respectively.
Figures in parentheses are stand error coefficients.

On the basis of the above relationship, it will be noted that some of the
variables are significant determinants of the level of demand for fertilizers. In
the linear model, farm size indicates a positive relationship in Ada, while
farm size is reflected by a negative coefficient. The average land size in Lume
is 3.5 ha, with a maximum of 8 ha per household. Land serves as a substitute
for fertilizer, and as the size of the farmers' land holdings increases, there is a
relative decline in fertilizer consumption. It might implicitly seem to
minimize possible risks that may occur due to crop failure. The positive
coefficient in Ada was also confirmed by the positive demand elasticity of farm
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Table 5. Results from cross-sectional data at Ada, using the log-linear coefficient.
Family size

XI

020
(0.06)

Education

X2

-0.10
(0.26)

Farm size

X3

0.23**
(0.12)

Number of oxen

X4

0.15
(0.16)

Manure

X5

-0.28
(0.20)

Fertilizer crop price

X6

-0.67
(0.39)

Credit

X7

1.51*
(0.48)

Income

X8

0.19
(0.34)

Distance

X9

0.26
(0.38)

Yield

XIO

0.03
(0.06)

Fertilizer ha-1

Xll

0.07
(0.43)

Crop disease

X12

0.63*
(0.29)

Rainfall

X13

0.75*
(0.22)

: Significant at the 0.05 and 0.01 probability levels respectively.
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sizes. The mean elasticity coefficient of fertilizer demand with respect to the
number of hectares under the major crops (teff and wheat) is 0.235, which is
statistically significant. This implies that a 1% increase in farm size will on
the average result in a 0.24% increase in fertilizer consumption. The relative
land shortage in Ada forces the farmer to use more fertilizer in order to meet his
consumption requirement and maximize the profitability derived from the
sale of his produce. By the same taken, the price ratio of -12.94 in Ada implies
that as the ratio increases, the consumption of fertilizer decreases. The price
elasticity coefficient of demand is -0.67, suggesting that on the average a 1%
increase in the relative price of fertilizer results in a decrease of 0.6% in
fertilizer consumption. The implication of this analysis suggests that the price
relationship between the major crops grown and the use of fertilizer is an
important variable influencing demands. However, in Lume income and not
price is a more significant determinant of the demand.
The position of fertilizer demand has been further complicated by seasonal
shortages of fertilizer supplies and the operation of the black market (for
which no accurate data are available). Respondents in Ada indicated that
during heavy rainfall the price of urea and DAP is twice or even three times
more than the normal price (EB48^ per 100 kg and EB35^ per 100 kg respectively). In fact, some better off farmers also rent land temporarily from
relatively poor farmers, who may not be able afford to buy fertilizer nor have
the means to fertilize their land for profit. As a result, rich farmers in Ada
often look for a black market elsewhere in the neighbourhood of Lume, where
the demand is relatively low and there are excess stocks. A transfer of a
sizeable amount of fertilizer to the Vertisol regions of Ada thus commands an
attractive market price. Farmers also stockpile fertilizer for future use in
anticipation of price rises when supplies are inadequate.
Distance, on the other hand seems to have a significant effect on the
demand in both regions, but with different coefficients. In Lume, the coefficient
of distance was negative, meaning that fertilizer consumption is influenced
negatively by distance. The farmers in Lume have to travel to far more distant
areas than those in Ada to find a fertilizer distributing centre. At Lume
farmers who are situated very far from roads (often more than four walking
hours) use less fertilizer than those situated relatively near the road. Also,
farm roads to market areas can only support vehicles during the dry season.
This condition is less visible in Ada, where most of the distribution process
takes place at a relatively lower cost and in less time, although it may not be
unreasonable to suggest that distance would contribute positively to the
demand.

US$1 = EB 2-1 (1992).
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Strikingly enough, the coefficient of animal manure in Ada is also
negative, indicating that fertilizer can be substituted for manure. Although
farmers are aware of the use of animal manure in general, only a few farmers
use it - largely because cultivable plots are often far away from the homestead
and often cannot produce an adequate amount of manure, which means that only
farmers in nearby homesteads apply the available manure. During critical
shortages of fertilizer or when delivery is late, the practice of crop rotation
represents an important substitute for commercial fertilizer.
Credit is also another significant factor that affects the demand situation
in Ada. The availability of credit directly or indirectly influences the
consumption of fertilizer, either positively or negatively. The normal
fertilizer distribution practice of the area requires that the price of fertilizer
should be paid in advance before the onset of rains. The service cooperatives
are required to deposit the money in a bank, and have to produce the necessary
documents before they can request delivery of fertilizer to the service
cooperative in the region. However, few farmers are in a position to comply
with this practice and pay before the rains. Since credit is considered in this
particular case as collective credit, all the farmers will not be provided with
the quantity of fertilizer they require, and a result there is a time lag between
the time of fertilizer delivery and the crop season.
Household size on the other hand has a different orientation as it is
related to farm sizes. The coefficients both in Ada and Lume have positive
signs in the linear model (Table 4). Nevertheless it turns out to be significant in
Ada, where labour is a critical aspect of production in the peasant farming
systems of the region. The household size is relatively higher in Ada than in
Lume, so it may be worthwhile for a farmer in Ada to use more fertilizer on his
land so as to support his family. Thus as the size of the household increases,
the amount of fertilizer used also increases. This fact is confirmed by the
elasticity coefficient of 0.20 in Ada, suggesting that there is a positive
relationship between household size and fertilizer consumption. Other
variables in the equation have coefficients with the expected sign, showing a
positive or negative influence on demand, but the signs are obtained
statistically significant (Table 4). In addition, education and age variables at
Ada and Lume have positive signs and are significant.
In addition to the foregoing, there are noninstitutional and noneconomic
variables which tend to affect fertilizer consumption in the regions very
considerably. These include plant pests (cutworms, aphids, etc.), climatic
conditions (erratic rainfall pattern), and the variety (improved seed vs. local
seed), and the topography of the land (stony, gullying, and sloping).
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Conclusion
In spite of the fact that the regions under study are favoured in the national
fertilizer distribution pattern, suboptimal use of fertilizer is still prevalent.
The principal determinants involve both economic and noneconomic factors:
farm size, household income, the price of fertilizer in relation to crop price,
credit, and distance. Other factors like age and education, the background of
farmers, climatic conditions, the topography of the land, and the time of
delivery of fertilizer also play a significant role. An estimate of the demand
for fertilizer of various types in different locations is also essential.
In view of the above considerations, any policy that seeks to improve
productivity on these Vertisols should be directed to these factors. Farmers are
already aware of the agronomical potential to be derived from the use of
fertilizers, and the possible economic benefit. Consequently it is essential that
farmers should be provided with easy access to fertilizer stocks at planting
time. A favourable price for fertilizer relative to the revenue from the sale of
the crop helps in assessing the farmers' demand for fertilizers, which means
that a knowledge of price elasticity is essential. Incorporating such factors and
scrutinizing the policy variables will help to create a balanced distribution of
fertilizers, and will lead to a rational allocation of the resources at hand.
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SECTION III
OVERVIEW

Research on crop and livestock
intensification on small farms on
Vertisols: ILCA's experience
GETACHEW ASAMENEW and ABATE TEDLA*

This paper draws on ILCA's research experience within the Joint Vertisol
Project (}VP) on developing and transferring a package of simple, economically
viable, and socially acceptable technologies to smallfarmers to enhance crop
and livestock productivity on highland Vertisols. The range of integrated
research activities undertaken by the JVP in Ethiopia, ILCA's research tasks,
and the research approach pursued are outlined, and the need for institutional
partnership to generate and transfer improved Vertisol technology is
indicated. ILCA's achievements with its institutional partners and the outlook
for the project are summarized.
Vertisols are an important agricultural resource in several countries. They
require a range of management techniques to improve agricultural production.
In Ethiopia, the Vertisols of the highland'; are vast and underutilized
(Berhanu, 1985; Jutzi et al, 1987; Getachew et al, 1988; Getachew and Saleem,
1992). In order to increase production on highland Vertisols, a Joint Vertisol
Project (JVP, 1989) undertook a range of integrated research activities. ILCA's
research experience in this partnership project, the integrated research
activities, the research approach, the achievements, and the outlook are
presented in this paper.

International Livestock Centre for Africa, PO Box 5689, Addis Ababa, Ethiopia.
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R e s e a r c h objectives a n d focus
The research was geared towards developing and transferring a package of
simple, economically viable, and socially acceptable technologies to
smallfarmers to enhance crop and livestock productivity on highland Vertisols.
The general objectives of the research were to:
intensify the crop-livestock integration on small farms;
increase and sustaina food production;
increase farm income and social welfare; and
achieve sustained resource protection.
To meet these objectives on-station and on-farm research focused on:
understanding the target production systems: to determine critical
production constraints, farmer objectives and goals, and socioeconomic
circumstances so as to develop and tailor-make suitable technologies;
generating simple and viable implements for the efficiency of the
prevailing animal traction for various farm operations;
improving Vertisol management techniques through soil fertility and
characterization studies, appropriate tillage operations, landshaping, the use of water resources, and the protection of soil resources
with watershed planning;
developing improved food and feed cropping practices in the
smallholder farming systen\s; and
evaluating the performance of proposed technologies under the target
small-farm conditions, and studying the diffusion/transfer and impact
of the technologies.

T h e n e e d for r e s e a r c h p a r t n e r s h i p
Research to improve Vertisol management is complex, and calls for multiand interdisciplinarity (agronomists, agricultural engineers, economists,
sociologists/anthropologists, animal scientists, soil scientists, etc.), and multiinstitutional efforts. The International Livestock Centre for Africa (ILCA) has
a specific mandate, and its expertise was complemented by partnership with
other institutions dealing with other research areas. This approach
envisaged:
the formation of a critical mass from institutions of different
backgrounds and capacities;
addressing complex technical problems in widely differing production
environments;
a rational use of scarce human and financial resources;
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the avoidance of duplication;
a mutual exchange of iriformation and experience; and
concurrent activities across the whole research spectrum - from
technology generation to extension/development activities.
The JVP collaborative arrangement became operational in 1986, and
involved international and national institutions: the International Livestock
Centre for Africa (ILCA), the International Crops Research Institute for the
Semi-Arid Tropics (ICRISAT), the International Board for Soil Research and
Management (IBSRAM), the Institute of Agricultural Research (lAR),
Alemaya University of Agriculture (AUA), and the Ministry of Agriculture
(MOA). NCOs like Oxfam-America participated in the technology transfer/
extensions. Other institutions such as the AFRC Institute of Engineering
Research (Silose, England) were coopted when needed.
An advisory and a technical committee was created in 1986 to coordinate
research activities and international relationships. The advisory committee
consists of the chief executives of all the participating agencies. The technical
committee is composed of specialists nominated by participating agencies.
ILCA's research t a s k s
Research responsibilities were shared between the institutions, depending
on the research mandate and interest of the collaborative institutions, and the
results were later pooled to answer specific questions. The way in which
research tasks were shared between the participating institutions are
summarized in Table 1. ILCA's research tasks were:
baseline studies of the target farming systems in conjunction with lAR;
to investigate crop-livestock interaction and crop-residue utilization;
to improve fodder production through the inclusion of forages in the
intensively cropped small-farm systems;
to develop animal-traction implements for cultivation, planting,
weeding, and water-harvesting;
to study the physiology, feeding, and uses of traction animals;
to evaluate on-farm technology and technology transfer.
The research approach
The research was carried out in a farming-systems context. The relevance of
each research component undertaken on-station and on-farm was viewed from
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Table 1. Division of research responsibilities between participating institutions.
Institutions

Research area

ILCA

- Description and analysis of the target farming systems in conjunction
with lAR.
- Crop-livestock interaction and crop residue utilization
- Improvement of fodder production through inclusion of forage-based
crops in the intensively cropped small-farm systems.
- Generation of implements for soil, water and crop management, and
water-harvesting.
- Physiology, feeding, and uses of traction animals.
- On-farm technology evaluation and technology transfer studies.

ICRISAT

- Agroclimatology resource assessment and utilization
- Land and water management (watershed-based land-use planning)

lAR

- Soil fertility: N and related micronutrients, including BNF.
- Crop physiology/cropping systems for all crops, with special emphasis
on those crops on which lAR is running improvement programmes.
- Standardization of animal-drawn implements.

AUA

- Soil fertility: P and related micronutrients, including micro.
- Crop physiology/cropping systems for all crops, with special emphasis
on those crops on which AUA is running improvement programmes

Source: JVP Report (1989).

its contribution to the overall objective of the target farming systems. The
research approach which was adopted envisaged:
an in-depth understanding of the existing farming systems to generate
appropriate and viable technologies for small-scale, resource-poor
farmers;
refinements in the technology to solve identified production constraints;
and
an evaluation of various technologies in terms of their technical
feasibility, and their conformity to the goals, needs, and socioeconomic
circumstances of the smallfarmers in the target group.
The research began with baseline studies of the Vertisol farming systems in
the highlands. The findings were then utilized to design technologies onstation, which were subsequently tested by simple farmer-managed
experimentation.
The on-station and on-farm experimentations were
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complementary and interactive, and facilitated technology refinement from
information flow (Getachew and Saleem, 1992).

Technology testing vinder small-farm conditions
As a solution to waterlogging - a critical constraint to increased
productivity of Vertisol in the Ethiopia highlands - a land-shaping
implement, the broadbed maker (BBM) was designed. This was tested onstation and subsequently verified on-farm, starting from 1986. The description
of the BBM and the rationale for developing it are found in Jutzi et ah (1987)
and Getachew et al. (1988). The BBM was tested in different farming systems
in five representative areas: Debre Zeit, Ginchi, Dejen, Dogollo and Inewari.
The main criteria for identifying target areas were altitude, the importance of
Vertisols, and the differences in traditional tillage techniques to control
waterlogging (Getachew and Saleem, 1992; Getachew et ah, 1992). The number
of participating farmers are shown in Table 2. Trials compared the effect of
improved soil drainage on wheat yields and economic returns.
Table 2. Number of farmers and PCs in the on-farm technology verification research,
1986-1990.
Year

Individual farmers

PCs

Total PCs members

1986
1987
1988
1989
1990

56
61
67
53
158

2
7
20
25
10

200
1500
6000
7200
2500

Source: Getachew and Saleem (1991).

Table 3 shows the effect of the BBM on wheat-grain yields. Across sites
and years the mean wheat-grain yields increased from 23% to 120% when
drainage was improved, except in Inewari where there was no difference in
yields because traditionally crops are planted on manually made broad beds
which drain excess water as effectively as a BBF made with the BBM.
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Table 3. Comparison of wheat jnelds grown using BBM and traditional land-shaping
methods (by location and year).
Year
Location

Drainage t
1986

1987

1988

1989

1990
1358
994

Debre Zeit

BBF/BBM
Flat

1440
1152

1492
1272

1490
1331

1446
1137

Dogollo

BBF/BBM
R&F

693
306

1668
1244

2054
1266

-

Dejen

BBF/BBM
Flat

-

1539
1259

1017
556

1211
838

-

Inewari

BBF/BBM
BBF/hand

618
402

1290
1032

858
842

1274
1355

9%
1067

-

t

BBF/BBM = broadbeds and furrows with the broadbed maker; BBF/hand = made
with manual labour; R&F = ridges and furrows made by the local plough (the
'maresha').
Source: Getachew et al. (1992).

The components of a Vertisol technology package can be summarized as:
early planting, use of the BBM, and improved seeds and fertilizers. This was
compared with the traditional cropping practice: planting local seed on
traditionally prepared seed beds late in the season and very low fertilizer
inputs. As compared to the traditional methods, use of the improved
technology significantly increased yields (Figure 1).

T e c h n o l o g y transfer
The success of any research project are technologies that are widely
adopted by the target community. Although dissemination and extension are
mainly the tasks of the collaborating NARS, ILCA has been identifying
constraints to the dissemination of the BBM technology and assessing its impact
on farming systems. Six years of research has provided ILCA valuable insights
that could influence the future acceptability of the technology package. From
1991, a new approach is being tested on technology transfer. Farmers who in the
past took part in on-farm technology verification have since been encouraged to
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train other farmers. "Trainee" farmers were independently selected, trained,
and assisted the experienced farmers. As a result farmers' interest in using the
technology is on the increase.

1
2
3

=
=
-

wheat, improved technology
wheat, traditional technology
tcff, traditional technology

Figure 1. A comparison of grain and straw yields using improved and traditional
technology packages at Ginchi.
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Achievements
ILCA with its research partners has made a number of achievements in the
JVP. They may be briefly listed as follows:
a research framework involving different institutions of different
backgrounds and the synchronization of goals to attain a common
purpose has been established;
better Vertisol management in the highlands of Ethiopia due to
increased technical, biological, and socioeconomic understanding of the
target farming systems has been attained;
the relevance of research with a farming-systems perspective to
develop a viable technology has been demonstrated;
an appropriate on-station and on-farm tested broadbed maker (BBM) to
overcome the seasonal waterlogging problems of Vertisol in the
highlands has been developed;
simple attachments to the BBM (station tested) notably a row planter
and a blade harrow for seeding and weeding respectively have been
made;
improved cropping options for increased food-crop and fodder
productivity and has been developed, and the potential for changing
the feed delivery pattern from a seasonal to an seasonal pattern has
been demonstrated;
the potential of improved Vertisol technology to increase farm
production, incomes, and the welfare of rural farm families has been
demonstrated;
the awareness of policy-makers, agriculturalists, nongovernment
organizations (NGOs), international donors, and farmers about the
potential of Vertisols has been increased.

Outlook
ILCA has gained substantial experience from its partnership in the JVP.
The technology developed by the project has the potential to significantly
improve the welfare of an estimated 4 million less resource-endowed farmers in
highland Ethiopia. Increased food and feed production will also contribute
significantly in reducing the national deficit of these commodities. In spite of
the urgent need for simple technologies to improve food production in Ethiopia,
the diffusion rate of the BBM is not encouraging. The simplicity of a
technology may not therefore guarantee spontaneous diffusion. Economic
factors, notably sound policy and input markets (including credit facilities).
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need to be conducive; but these matters are not within the influence of
researchers. The farmers' interest in adopting the technology has been
consistent whenever they had timely access to the required inputs. Wider
adoption of the technology will depend on the support and conunitment of
development agencies.
The second phase of the project will come to an end by 1992. Research to
improve Vertisol management needs to continue. Research/farmer contact has
to be kept active for the foreseeable future so that alternative land-use options
that are tested on-station can be diffused. Crop and forage intercrops in
sequences, leys, alleys, or rotations are some of the options. The attachments of
the BBM, enabling a versatile use of the implement for planting and weeding,
are other aspects of the technology that need to be tested under small-farm
conditions.
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Management of Vertisols in Africa:
ICRISAT's experience
K.L. SRIVASTAVA*

Vertisols in Africa are found under diverse ecological and socioeconomic
conditions; the management practices should be based on adequate diagnosis of
problems and understanding of underlying processes. Further component
research is needed to understand the hydrologie and soil processes in Vertisols.
It would seem advisable to identify/develop a range of technology options to
suit different situations and thereby avoid the single-solution trap.
Technology transfer activities should include on-farm diagnosis, testing, and
adaptation before proceeding to extension. In situations warranting group
action by farmers for improving drainage, soil conservation, and/or runoff
utilization, technology design and social organization should go hand-in-hand.
With increasing pressure of population and growing concern for protecting
degradable sloping lands, there will be a tendency to convert some of the
permanent pastures on Vertisol areas on the plains into arable cropping.
Multidisplinary studies are urgently needed to understand the scope, economics,
and sustainability of such interventions.
According to Binswanger and Pingali (1986), environments with a high
fjotential and a greater chance of success in relation to technical interventions
should receive priority for investments in sub-Saharan Africa. In the same
context, Swindale (1985) noted: "Soils with high water-holding capacity,
particularly the Vertisols, are the best soils of the semi-arid regions because
they integrate rainfall over time sufficiently well to ameliorate or even
prevent the effect of short-term drought." Thus there is a case for intensifying
research on Vertisols. Recently, TAG (1991) has identified Vertisol
management for small-holder farming systems as one of the major areas of
international agricultural research.
SoU and Water Engineer (ICRISAT), c/o ILCA, PO Box 5689, Addis Ababa, Ethiopia.
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The International Crops Research Institute for the Semi-Arid Tropics
(ICRISAT) has a long experience of Vertisol research in India (Kanwar et ah,
1982). The inaugural workshop for launching IBSRAM's Vertisol network in
1985 was cosponsored and hosted by ICRISAT. In 1989, we hosted a training
programme for the network participants from several African countries at our
headquarters in India. Also, ICRISAT is a partner in the Joint Vertisol Project
(JVP) of Ethiopia, and the author has been working in this project since
September 1990. Thus ICRISAT has considerable interest in Vertisol research
and development activities in Africa.
This paper provides an overview of the distribution of Vertisols in Africa,
outlines some salient experience, particularly in Ethiopia, and identifies some
areas for future research.
D i s t r i b u t i o n of V e r t i s o l s i n Africa
It is estimated that there are about 100 m ha of Vertisols distributed in
over 30 countries, as shown in Table 1 (FAO, 1986). Over 40 million ha of
Vertisols are located in Sudan alone. Other countries in sub-Saharan Africa
with Vertisol areas exceeding 1 million ha are (in order of extent): Ethiopia,
Chad, Tanzania, Botswana, Namibia, Kenya, Zambia, Zimbabwe,
Mozambique, Somalia, Nigeria, Burkina Faso, and Cameroon.
The length of the growing period on African Vertisols may range from less
than 90 days to over 300 days. However, about 90% of these soils have growing
periods of less than 210 days (Table 2).

U s e a n d m a n a g e m e n t of V e r t i s o l s
In most instances, the intensity of cultivation on Vertisols is very low; their
common current land use is pasture-livestock production. Under high levels of
management in the Gezira Irrigation Scheme in Sudan, cotton yields of 1.8 t ha"^
and sorghum yields of 2.6 t ha"^ have been obtained on these soils. Arable
cropping on Vertisols is likely to increase in future. Sorghum, millet, maize,
and wheat are important upland crops on African Vertisols. In the lower parts
of the toposequence, teff (in Ethiopia) and rice cultivations are important. In
rainfed areas, crop yields are quite low (generally less than 500 kg ha"').
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Table 1. Distribution of Vertisols in different countries of Africa.
Countries

Estimated area
(million ha)

Algeria
Angola
Benin
Botswana
Burkina Faso
Burundi
Cameroon
Central African Republic
Chad
Egypt
Ethiopia
Ghana
Kenya
Madagascar
Malawi
Mauritania

Countries
Morocco
Mozambique
Namibia
Niger
Nigeria
Senegal
Somalia
Sudan
Tanzania
Togo
Tunisia
Uganda
Zaire
Zambia
Zimbabwe

05
1.0
0.1
4.9
1.3
0.1
1.2
0.2

in

0.1
112
0.3
2.6
0.6
02
02

Estimated area
(million ha)
1.0
2.0
4.1
0.3
1.3
0.3
1.8
422
5.6
0.2
0.5
0.8
0.6
2.6
2.3

Source: FAO, 1986.

Table 2. Distribution of Vertisols in different lengths of growing period in Africa.
Length of
growing period
(days)

Area ('000 ha)
Undifferentiated
Vertisols

Chromic
Vertisols

Pellic
Vertisols

('000 ha)

<90
90-119
120-149
150-179
180-209
210-239
240-269
270-299
>300

1821
204
774
1700
1914
606
161
71
3

13 022
3 896
3 950
12 851
6143
940
806
268
11

8118
3 207
6 417
9 285
5864
2485
2135
1358
1187

22961
7309
11141
23 836
13 921
4031
3102
1697
1207

Total

7254

41889

40 056

89199
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Rainwater

management

One of the main challenges in managing Vertisols in rainfed areas is to
define and create a favourable soil moisture environment in the crop-root
profile. The Vertisol fields often suffer from drought stress in one period and
excess water stress in another; the intensity and relative importance of these
stresses, however, vary from location to location.
Experience from several locations suggests that properly aligned raised-bed
cultivation systems (e.g. BBFs and camber beds) ameliorate excess water stress
on mildly sloping lands (0.6 to 3%) in certain types of field: (i) those which do
not have large number of microdepression areas, (ii) those where waterflow
from the upper areas is minimal or can be diverted, and (iii) those which have
safe outlets for the waterflow. Experience in dealing with drainage
improvements and reclamation of level, valley-bottom soils is scarce. These
areas are extensively used as permanent pastures.
In the context of Ethiopian Vertisols, Bull (1988) speculated that if the
surface drainage of Vertisols could be improved, they could be readily used for
intensive agriculture. But such speculations are sometimes misleading, as they
give the impression that envisaged interventions are technically and
economically feasible and they need to be implemented. In reality, however,
the question has not yet been examine in depth, and field investigations and
pilot studies are lacking. There is a need to stratify Vertisol environments, to
develop guidelines for determining the relative suitability of sites, and to
develop appropriate technologies. In general, both cropping and grazing have
to be modernized so as to reduce the competition between them and make the
total land use more productive.
Our experience of surface drainage improvement relates only to those fields
which are already under annual cultivation. Vertisol fields are often
characterized by gilgai microrelief. Our recent observations in Ethiopian
highland Vertisols show that wheat yields are substantially lower in
microdepressions (hollows) than in smooth areas or on humps. In contrast,
Mitchell (1987), working in Malawi, observed higher cotton yields in hollows
than in other areas, and this was attributed to the higher nitrogen content of
the soil in the hollows. Further work on documenting yield variation caused by
microrelief differences and other soil processes under a range of environmental
conditions is needed. In situations where field depressions cause apprecially
lower yields, some degree of land shaping may be needed. It is important to
emphasize that appropriate land-shaping practices in rainfed areas are likely
to be different from those recommended for irrigated areas.
The different forms of excess water conditions are:
ponding on the soil surface;
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low air-filled porosity in the root profile;
perched water table formation in the root profile; and
a general rise in the water table.
The first two forms - ponding on the soil surface and low air-filled porosity
in the root profile - are widely recognized. But it is hard to define water table
formation in the case of Vertisols, as the swollen clay particles will normally
act as impermeable screens to both the vertical and lateral movement of water
(Blokhuis, 1985). Further, the measurement of the water table using the
unlined borehole method is unsuitable for these soils, as the shallow water
table in the borehole may be the result of preferential water movement along
cracks leading into boreholes, leaving the soil mass-unsaturated. The orüy are
reliable methods for water table measurement in Vertisols are piezometers and
tensiometers.
Using piezometers, we observed the water table (free water) in the root
zone at two locations near Addis Ababa during the rainy season of 1991, and
confirmed it by augering several holes in the profile. There was also a clear
indication of the laterial movement of water. Although we do not understand
this process adequately, the water table is certainly of pluvial origin and
perched. We suspect that it is formed above the base of slickenside horizon, but
a high exchangeable sodium content in the subsurface horizons could also be a
factor. Whatever the cause of this free water zone, it certainly affects crop
growth. Carefully designed experimentation is needed to understand the effect
of a perched water table on crop growth, both in terms of the characteristics
and the duration of the water table. It may be possible to assess the extent of
the drainage problem by measuring the perched water table, or to determine
the relative needs and specifications of drainage improvement techniques (e.g.
BBFs) on the basis of the perched water table data along with some other data.
Further research on these topics is needed.
In the Ethiopian highlands, some Vertisols are located on slopes (albeit
less than 8%). Even on sloping lands, where there is no risk of water stagnation
on the soil surface, farmers usually construct furrows at 3- to 6-mm intervals,
mostly along the slope. These furrows often exacerbate soil erosion. The
scientific basis for this practice is not established, but probably the furrows
intercept 'interflow' in the cultivated layer and improve soil aeration. This
needs further investigation so that efficient practices can be designed to meet
farmers' goals while minimizing the risk of land degradation.
Since BBF cultivation has shown promising results on Vertisols in the
highlands of Ethiopia, which have low temperatures in the crop growing
season, it is sometimes speculated that drainage improvement is important orüy
for such environments. This point needs to be clarified. The low temperature
leads to a low evaporative demand and increases the scope for excess water
conditions. On the other hand, soil and air temperatures affect the oxygen
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diffusion rate as well as soil organisms and biological processes in the plant.
Krammer and Jackson (1954) found that plants grown at 28 °C water temperature
recovered from flooding if drained within one day, while plants grown at 34 °C
died under the same conditions. Normally, at low temperatures plants are less
affected by flooding, as the biological processes are slow. Thus lowtemperature conditions are likely to increase the scope for flooding, but reduce
the effect of flooding on plant growth. If the degree of excess water stress is the
same, the need for drainage improvement will probably be greater in the case of
higher-temperature areas.
Moisture conservation is another important area of research particularly
for the medium- and low-rainfall areas. In general, water conservation
treatments, like contour bunding and tired-ridging, reduce runoff and increase
moisture status in the soil profile, but reduce crop 3deld by causing waterlogging
(Mitchell, 1987). It is encouraging to note that in recent experiments, furrow
planting has increased crop yields in low-rainfall Vertisols in Zimbabwe.
Moisture conservation treatments like compartmental bunding (used in India
only during the fallow periods) may also have a role and need to be tested. Soil
erosion is a serious problem in many Vertisol areas. Virgo and Munro (1978)
indicated 400 t ha"^ yr^ soil loss on a cultivated Vertisol in northern Ethiopia,
which is quite alarming. Such environments require increased emphasis on
land-use planning and management.

Soil structure and tilth
The management of Vertisol cracking is a topic that needs considerable
emphasis in the future. Grossman et al. (1985) have discussed different types of
crack formation and avenues for managing them. This needs to be followed up.
In particular, puddling and compaction in cultivated zones needs to be managed
for ensuring better tilth.
Sehgal et al. (1987) noted that the depth at which the slickenside zone
starts plays a major role in determining the rooting depth and cropping
potential. It is unclear whether this is an established fact or merely a
speculation. Many investigations on profile-moisture dynamics and root
extraction do not even include a mention of the slickenside zone. Again, we need
to know if this zone is restrictive only in the dry season or if it plays a role in
the wet season as well. Apparently there is need for multilocational empirical
studies on this subject.
The effect of surface cracking management on the flow of bypass water is
another area for future emphasis. Since African agriculture is mostly
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dependent on human and animal power for tillage operations, it is important to
experiment with different alternative options for managing this process.

Some general

comments

General experience in Africa and elsewhere in the developing world shows
that technical interventions building on local knowledge have a greater chance
of successful adoption. Also, as most farm management decisions are made at
the farming household level, this should be the primary level for technology
design and evaluation. Having said this, it is important to recognize that
several hydrology-related technologies require some elements of coordinated
planning, layout, and maintenance for a group of farmers. Depending on the
situation, this could be at the level of landscape, watershed, or village. Once
the researcher, extensionist, and farmer recognize this point, it is mostly a
matter of strategy to incorporate this aspect at an appropriate stage. There is
need for further research on this subject (TAG, 1991).

Suggested areas of emphasis
•
•

Gaptialize on available experience and knowledge
through a diagnosis and design approach
on-farm verification/adaptive research
Undertake research on:
profile hydrology
catchment hydrology
the role of a slickenside horizon
land-use management
nutrient management and cropping strategies
water and soil conservation
workability (soil cracking management)
strategies and methods for coordinated land and water management on
a landscape/catchment basis.

Proposed areas for ICRISAT's input in the network
IGRISAT may have a potential contribution to make in the following
subject areas in the network:
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•
•
•
•

Agroclimatology, soil-water dynamics, field-scale and smallwatershed hydrology.
Cropping systems research, including improved cultivars of mandate
crops.
Socioeconomics research.
Watershed management.
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Variability in soil and climatic
conditions in IBSRAM's Vertisol
network sites in Africa
HARI ESWARAN and PAUL REICH*

In the semiarid tropics, climate is perhaps the most important component
controlling crop performance. The IBSRAM African Vertisol network, with
seven sites on the same kind of soil, has had the opportunity of evaluating the
role of climate in soil management. An analysis of the soil moisture regimes at
each of the sites is presented to show the climatic differences between the sites,
and the need to design cropping systems according to the climatic conditions.
A second important factor which controls crop performance is the soil, and
specifically the microvariability of the soil. Vertisols are extremely variable,
and this should be borne in mind when designing field experiments. Examples
of variability and methods of evaluating it are presented. The full potential of
a network is only realized when each component is well characterized, using
similar methods, and when the performance of each site is compared with that
of the others.

An agricultural research network comprises a number of sites located in
similar or different agroenvironments, with each working on a similar theme.
The network members usually have a set of core experiments which are
designed to test a hypothesis in the different environments, and experiments
designed to address constraints specific to that environment. The advantages of
a network mode of research is that each participant benefits from the
information generated by the others, and each of course contributes to the total
effort.

World Soil Resources, USDA-Soil Conservation Service, PO Box 2890, Washington DC, 20013
USA.
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The IBSRAM network on the management of Vertisols in Africa has now
approached a stage where some initial comparisons can be made between sites.
Each site is at a different stage of development, and so will have different
kinds of results. However, most sites have iriformation on the resource base, and
in the near future it would be useful to collate all this information and analyze
it. Such an analysis would help to explain some of the differences between
sites, and would also provide an assessment of the heterogeneity of the
network. This will dispel the notion that all Vertisols are the same and
should be expected to respond similarly.
The purpose of this presentation is first to illustrate some agroclimatic
differences between the sites, and secondly to show an example of microvariability at a site.

Agroclimatic variations
Information about soil moisture and temperature regimes (SMR and STR) for
land use and for other applications of climatic data is just as useful as
information about air temperature and rainfall. SMRs and STRs are studied by
meteorologists, climatologists, ecologists, agronomists, soil scientists, civil
engineers, farmers, and many others who use soils. Both the SMR and STR
affect physical, chemical and biological processes in soils. The growth,
multiplication, and activities of soil-borne organisms are influenced by soil
climate. Seed germination is determined by both the availability of adequate
moisture and by the limited range of soil temperature. Soil temperatures above
or below critical limits severely inhibit seed germination, even if there is
adequate soil moisture. The life-cycles of many soil-borne pests and diseases
are dictated by the SMR and the STR.
The soil is a kind of buffering system. When rain falls on the soil, the
moisture is absorbed by soil aggregates and is retained. Excess water is either
lost through runoff or drained away. If there are impermeable layers in the
soil and there is no water discharge out of the soil, the water accumulates and a
water table develops in the soil. For some uses, such as growing rice, a water
table maintains a water-saturated media in the rooting zone, and this is a
useful property of the soil. But for most other uses, such as the use of the soil as
a septic-tank filter, excess water is a constraint. In soils with a deep water
table or no water table, when rain stops, the soil may still have water for the
plants; so if the dry spell is short, the soil enables the plant to survive until the
next rains. This buffering capacity of the soil is a basic reason for evaluating
soil moisture and temperature conditions.
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Soils also buffer temperature. The soil temperature at 100 cm or more is
relatively constant throughout the year. In fact the easiest way to obtain a
good measurement of the mean annual soil temperature is to measure the
temperature of well water at any time of the year.
The temperature of the top few centimetres of the soil fluctuates
considerably during the year. The surface soil can get very hot or very cold. In
the dry tropics, surface soil temperatures of more than 50 °C have been
measured, and at this temperature many plant tissues are killed. When the
surface soil temperature is very low, uptake of mineral nutrients is significantly
reduced. In the cold regions of the world, where the surface soil temperature
remains at about 1 °C for long periods, the trees are dwarfed, and if it gets much
colder plants do not grow at all. The day-iught (diurnal) fluctuations in soil
temperature is maximum at the soil surface and decreases with depth, reaching
a minimum at 50 cm or more. Many rodents burrow to 1-m depth, where it is
much warmer than on the soil surface. Some desert lizards and beetles stand on
their feet during the early morning so that the morning dew condenses on their
body and provides them with life-saving moisture; during the heat of the day,
they also stand on their feet so that their body is not scorched by the hot sand,
but is,cooled by the flow of air on the soil surface. Although the soil
temperature in the upper few centimetres of the soil is important in some
situations, for global or regional assessments it is conventional to give the
temperature at a depth of 50 cm.

Measuring

soil moisture

and

temperatures

SMR and STR are measured at different depths in the soil; the usual depths
are 5,10, 20, 50, and 100 cm. Moisture and temperature sensors are available to
continuously monitor moisture and temperatures throughout the year. These,
however, are expensive (about US$1500 each), so there are only few installations around the world. Prior to the availability of these instruments, soil
moisture was measured by taking soil samples and measuring their moisture
content gravimetrically - by weighing them. Soil temperature can also be
measured manually by inserting thermometers at critical depths in the soil.
In order to make global assessments of soil moisture and temperature
conditions, it is necessary to have a good density of stations. In many countries
of the world, particularly developing countries, the desirable density of
stations is not available, and SMR and STR conditions can only be assessed by
using a model.
In 1972, Franklin D. Newhall of the Soil Conservation Service (SCS)
developed a computer-based mathematical model to estimate SMR and STR
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regimes from atmospheric precipitation and temperature data, but the
procedure was only published as an SCS internal report. Later, Dr. A. Van
Wambeke (currently at Cornell University) developed a personal computer
version of Newhall's Fortran model (Van Wambeke, 1981, 1982, 1985), and
incorporated some proposals for subdivisions of the SMR as defined in Soil
Taxonomy (Soil Survey Staff, 1975). Minor changes to Van Wambeke's model
were made recently at SCS, and the results presented here are based on this
revised model.
The model was never intended to provide site-specific information or to be a
substitute for actual field measurements. It is, however, very useful in showing
the geographical distribution of the SMR and STR classes on small-scale maps.
It uses monthly data which could be processed annually for 30 years or more to
estimate the SMR class on a probability basis.

Application

of the model

Data from climatic stations close to the network sites were processed to
evaluate the global geographic distribution of SMR and STR.
Tables la, b, c, d, e, f, g, and h, show some examples of printouts from
individual stations. The model also estimates the duration, commencement,
and end of the growing season. The growing season is considered as the period
when there is no temp»erature or moisture stress.
The classes of SMRs have special names, and a key to their identification
is given in Appendix I. Four basic terms are used and are explained below:
Aridic - the soil is almost continuously dry; these are the SMRs of
deserts.
Ustic
- soils with this SMR receive rains for about three to six months
a year. They are semiarid.
Xeric
- this describes the SMR of soils in Mediterranean regions, where
the rainfall, and consequently soil moistening, takes place in
winter.
Udic
- the dry season is usually very short and does not exceed two
months.
Perudic - or continuously moist.
The STRs also have special ternns. The mean annual soil temperature and
the difference between mean summer and mean winter soil temperatures
characterize the different classes, as illustrated in Table 2.
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Table 1. Soil climate data for stations in IBSRAM's Vertisol network computed using
a simulation model.+
Table la. Debre Zeit (Ethiopia).
Lat/Lon: 8"43'N

38'56'E

Elevation: 1850 m

Precipitation: 833 mm

Evaporation (Thomthwaite): 831 mm

Avg. air temp.
Avg. soil temp.
Avg. soil temp, (summer)
Avg. soil temp, (winter)

18.5'C
21.0"C
21.0"C
20.6 "C

Soil temp, regime
Soil moisture regime
Tentative subdivision
Code

Growing season: 287days, 16Jime-2 Apr.
MSSI: 0.27
TSSI: 0.00

S3k

CSSI: 0.27

_
_
(jij': Dry)

Temperature calendar
(-:T<5) (S:S<T<8) (8:T>8) '

Isothermic
Ustic
Udic tropustic

Moisture calendar
'(|:m/d)
•(|:Moist)

1 * * * * * * * 1 0 * * * * * * * * 2 0 * * * * * * * * 30

1 * * * * * * A 1 0 ' * * * * * * É * 20 * * * * * * * * . 3 0

888888888888888888888888888888
888888888888888888888388888888
888888888883888888888888888888
88388388838888 8 888888838888888
883888888888888888888888833888
888888888888888888888888888888
888883888838883888388833888888
883338888388888888888338888888
888338888388388888883888888888
888888B88883888888888888888888
833838888838888888883388833388
.888888888888888888888888888888

Soil moisture regime
Number of cumulative days that
the moisture control section ..
.. during one year
is
diy m/d moist

.. when soil temp.
is above 5 *C is
dry m/d moist

52

52

t

134

174

134

Highest number of consecutive days
that the moisture control section is ..
.. moist in
some parts of
ohe year (T>8)

.. dry after
summer
solstice

287

0

174

.. moist after
winter
solstice

Climatic regime according to Soil Taxonomy, using FAO world data, and the Frank
Newhall system of computation.
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Table lb. Accra (Ghana).
Lat/Lon: 5"36'N

0'10'W

Elevation: 68 m

Precipitation: 8765 mm

Evaporation (Thornthwaite): 1568 mm

Avg. air temp.
Avg. soil temp.
Avg. soil temp, (summer)
Avg. soil temp, (winter)

26.4'C
28.9 °C
26.9 °C
30.3 "C

Soil temp, regime
Soil moisture regime
Tentative subdivision
Code

Growing season: 119 days, 16 May -14 Sep.
MSSI: 0.64
TSSI: 0.00

Temperature calendar
(-;T<5) CS:S<T<8) (8:T>8)

CSSI: 0.64

(iii :Dry)

Moisture calendar
\|:m/d)
'"(f:Moist)

1 * * * * * * * . 1 0 * * * * * * * * 2 0 < * * * * * * * * 30

1 * * * * * * * 10 * * * * * * * * . 2 0 * * * * * * * * 30
883888838888838388883888883888
883888888883888833833888338888
888883888338833883888888338888
883388838888338388838883888338
888388888883888888388888888883
838888888888888838388883888338
888888333888883388888338888888
888833388888833883383338388883
883333888883388883838883388333
888888888888888383888838883888
888838888888888888888888888838
888888888888888888888888888888

Isohyperthermic
Ustic
Aridic tropustic
Sim

Jan.
Feb.
Mar.
Apr.
May
June
July
Aug.
Sept.
Oct.
Nov.
Dec.

HlllMtMliirihUnilltl I t i n l i n i l l l l l l M I l t l l l l l l l l l l M I •IniMIIIMIl M l l l l l l i n l

:!in!i!;;il:::i;;i!!l!li!:llii!i;'im;iiliili:!!;:i'!ni!m^

iii'iiiiiliiiiiiiniiiliiiiiiiin'iijüliiilll

Soil moisture regime
Number of cumulative days that
the moisture control section ..
.. during one year
diy

m/d

moist

203

87

70

. when soil temp,
is above 5 °C is
dry m/d moist
203

87

Highest number of consecutive days
that the moisture control section is ..
.. moist in
some parts of
oheyear(T>8)

.. dry after
summer
solstice

.. moist after
winter
solstice

119

31

0

70
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Table Ic. Akuse (Ghana).
Lat/Lon: 6'6'N

0"7'E

Elevation: 17 m
Evaporation (Thornthwaite): 1688 mm

Precipitation: 1171 mm
Avg. air temp.
Avg. soil temp.
Avg. soil temp, (summer)
Avg. soil temp, (winter)

27.2'C
29.7'C
28.0'C
30.8"C

:
:
:
:

Soil temp, regime
Soil moisture regime
Tentative subdivision
Code

Growing season: 118 days, 16 May -13 Sep.
MSSI: 0.45
TSSI: 0.00

Temperature calendar
(-:T<5) (5:5<T<8) (8:T>8)

CSSI: 0.45

(jii:Dry)

Moisture calendar
(|:m/d)
(|:Moist)

1*******10 * * * * * * * * 20 * * * * * * * * 3 0

l*******,10********20i********30
888888 83888 8888 83888 83888 88883
888888 88838 8338 83888 88688 86833
888888 88888 8838 88888 83688 88833
888888 88888 8833 38888 66688 66836
888888 88888 8333 38888 38688 86833
888888 88888 8888 88888 88888 38838
888888 83888 8833 38888 86888 38866
888888 83888 8888 88888 88888 88866
888888 88888 8888 38888 38888 38838
888883 88888 8888 68888 88886 68686
888888 83883 8888 88883 68883 88838
888888 88888 8888 88888 88838 88868

Isohyperthermic
Ustic
Aridic tropustic
Sim

Jan.
Feb.
Mar.
Apr.
^May
June
.July
Aug.
Sept.

iiiii:jiijiii!!iii|ii|iiiiii|iii|!ii!iii!|in
i!!!^'!i!'!i!!!ii!!i!ii!iii;i!!i;;!i!!!lii!!i!i«jiij•J^^
;::::;:::;;;!:;;:iii::il:;!;!;|!!:i:i:::lii::»^^^S?:SS^^S®%m?S»:¥S

•Oct.,

Nov.
Dec.

a^ihis^-^i-

iiniilllliiiliiiiilliiniiiillliiljiilllliiiii

Soil moisture regime
Number of cumulative days that
the moisture control section ..
.. during one year
is
dry m/d moist

.. when soil temp.
is above 5'Cis
dry m/d moist

110

110

153

97

153

Highest number of consecutive days
that the moisture control section is ..
.. moist in
some parts of
ohe year (T>8)
118

97

147

.. dry after
summer
solstice

, moist after
winter
solstice
0

Table ld. Thika (Kenya).
Ut/Lon: I T S

37'&E

Elevation: 1463 m

Precipitation: 858 mm

Evaporation CThomthwaite): 892 mm

Avg. air temp.
Avg. soil temp.
Avg. soil temp, (summer)
Avg. soU temp, (winter)

19.7'C
22.2°C
22.0 °C
20.9 "C

Growing season: 360 days
MSSI: 0.04

Soil temp, regime
Soil moisture regime
Tentative subdivision
Code

TSSI: 0.00

Temperature calendar
C-^T<5) (5:S<T<8) (8:T>8)

CSSI: 0.04

(iii'iDry)

1 * * * * * * * 10 * * * * * * * * 20 * * * * * * * * 3 0

Isohyperthermic
Udic
Dry tropudic
U2m

Moisture calendar
(|:m/d)
( | : Moist)

1 * * * * * * * 1 0 * * * * * * * * 2 0 * * * * * * * * 30

8838 88888888 88888 3388888 388888
8888 88838888 88888 8888388 833888
8838 88888888 88388 8888888 888888
8883 88888888 88888 8888888 888888
8888 88888838 33388 8888888 838888
8888 88888888 88888 3888883 388888
8888 88883838 38888 8838388 883888
8838 88888888 88888 8888888 888838
8888 88888888 88888 8838888 888888
8888 88888888 88888 8888888 888888
8888 88888888 88888 8888888 888888
8888 38888888 38838 8838388 838388

Soil moisture regime
Number of cumulative days that
the moisture control section ..
.. during one year
is
diy m/d moist
0

38

322

Highest number of consecutive days
that the moisture control section is ..

.. when soU temp.
is above 5 °C is
diy m/d moist
0

38

322
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.. moist in
some parts of
ohe year (T>8)

.. dry after
summer
solstice

., moist after
winter
solstice

360

0

73

Table Ie. Maiduguri (Nigeria).
Lat/Lon: 11'51'N

13'5'E

Elevation: 354 m

Precipitation: 644 mm

Evaporation (Thornthwaite): 1559 mm

Avg. air temp.
Avg. soil temp.
Avg. soil temp, (summer)
Avg. soil temp, (winter)

26.8'C
29.3'C
29.1 °C
26.0 "C

Soil temp, regime
Soil moisture regime
Tentative subdivision
Code

Growing season: 126 days, 16 Jul. - 21 Nov.
MSSI: 0.65
TSSI: 0.00

Isohyperthermic
Ustic
Aridic tropustic
Sim
CSSI: 0.65

Moisture calendar

Temperature calendar
•(-:T<5) {5:5<T<8) {8:T>8)

.(jil:Dry)

1 ******* 10 * * * * * * * * : 2 0 ******** 30'
888888888888838888888888888888
88888SS8888888888888888388S883
888888888888888888888888888883
888388838883888888888888883838
888388888838888888888388838338
888888888888883388838388883888
888888888388338388888888388383
888888888888883388338888888888
888888888888838388388888888883
888888888888888888888883388888
888888883388838888388388888883
888888888888388833888888888888

(i:m/d)

(i

Moist)

1 ******* 10 * * * * * * * * , 2 0 * * * * * * * * 30
Jan.
Feb.
Mar.
Apr.
May
June
July
Aug.
Sept.
Oct.
Nov.
Dec.

::!;!!:::;!::i::::::;:;:::::it:

iiiiiii'iiliiiiiiijppiiiini!

iiiiiiiiiiiiiiiiiiiiiiiiiiliiiiiiiiii'iiiiiiiiiiiiiiijiliü^^

'!!iliiiiiiPliii;;jij;
••":i::iii:i!iiii-"--"

;::i:l::ili:i:ii:::::tii:i:::l:i:iii!ii:lli!iiii:li:!iii::::;

Soil moisture regime
Number of cumulative days that
the moisture control section ..
.. during one year
is
dry m/d moist

.. when soil temp.
is above 5 'C is
dry m/d moist

224

224

35

101

35

Highest number of consecutive days
that the moisture control section is ..
.. moist in
some parts of
ohe year (T>8)

.. dry after
summer
solstice

.. moist after
winter
solstice

126

15

0

101

149

Table If. Mwanza Airfield (Tanzania).
Lat/Lon: 2'28'S

32-55'E

Elevation: 1140 m

Precipitation: 1002 mm

Evaporation (Thornthwaite): 1108 mm

Avg. air temp.
Avg. soil temp.
Avg. soil temp, (simimer)
Avg. soil temp, (winter)

22.8°C
25.3'C
25.2°C
24.7'C

Soil temp, regime
Soil moisture regime
Tentative subdivision
Code

Growing season: 311 days, 16 Nov. - 26 Sep.
MSSI: 0.16
TSSI: 0.00

Tumperature calendar
(-:T<5) (5:5<T<8) C8:T>8)

Isohyperthermic
Ustic
Udic tropustic
S3m
CSSI: 0.16

(ill :Dry)

Moisture calendar
(§:m/d)
(|:Moist)

1 * * * * * * * 10 * * * * * * * * 201********30

1 * * * * * * * 10 * * * * * * * * , 2 0 i * * * * * * * * 30

888888888888388888888888388888
888888883388888888338883888888
888883888888888883888338888838
888888888833888888888888883888
388888883838888883338888888838
888888883388888388888888888888
888888883388833888888883888883
838888888888838888888888888888
888888888888888888888888888888
888888888888888888888888888883
888888333888883888888888888888
888888888888888888888888888838

Soil moisture regime
Number of cumulative days that
the moisture control section ..
.. during one year
dry m/d
20

116

moist
224

.. when soil temp,
is above 5 "C is
dry m/d moist
20

116

Highest number of consecutive days
that the moisture control section is ..
.. moist in
some parts of
ohe year (T>8)

.. dry after
summer
solstice

, moist after
winter
solstice

311

0

29

224

150

Table Ig. Atakpame (Togo).
Ut/Lon: 7"35'N

Elevation: 402 m

I'^E

Evaporation (Thornthwaite): 1481 mm

Precipitation: 1375 mm
25.8'C
28.3'C
26.4'C
29.9'C

Avg. air temp.
Avg. soil temp.
Avg. soil temp, (summer)
Avg. soil temp, (winter)

Isohyperthermic
Ustic
Typic tropustic
S2m

Soil temp, regime
Soil moisture regime
Tentative subdivision
Code

Growing season: 264 days, 16 Apr. - 9 Jan.
MSSI: 0.31
TSSI: 0.00

Temperature calendar
(-:T<S) (S:5<T<8) (8:T>8)

CSSI: 0.31

(jih^ry)

Moisture calendar
(i:m/d)
(|:Moi5t)

1 * * * * * * * 10 * * * * * * * * 20 * * * * * * * * 30

1 * * * * * * * 10 * * * * * * * * 2 0 1 * * * * * * * * 30
888888333888888888888338388888
883888838833888888888388338833
388888888888833388838888888888
888888888888888388838888888888
8888888S8838888888838388888883
888833883888888838888333838888
888888888888388888888888888888
888888888888888888888888888888
888883888888888838388338888888
883888838838883888888888888888
883883888833888388888888333888
888888888883888888888833888888

Soil moisture regime
Highest number of consecutive days
that the moisture control section is ..

Number of cumulative days that
the moisture control section ..
.. during one year
is
dry m/d moist
n

107

176

.. when soil temp.
is above 5 *C is
dry m/d moist
Tl

107

.. moist in
some parts of
ohe year (T>8)

.. dry after
summer
solstice

.. moist after
winter
solstice

264

0

0

176

151

Table Ih. Triangle Hill (Zimbabwe).
Lat/Lon: 20 "575

3r22'E

Elevation: 6421 m
Evaporation (Thornthwaite): 1114 mm

Precipitation: 586 mn\
Avg. air temp.
Avg. soil temp.
Avg. soil temp, (summer)
Avg. soil temp, (winter)

21.8°C
24.3'C
26.4'C
20.3 "C

Soil temp, regime
Soil moisture regime
Tentative subdivision
Code

Growing season: 89 days, 16 Jan. -14 Apr.
MSSI: 0.76
TSSI: 0.00

Temperature calendar
(-:T<S) (5:5<T<8) (8:T>8)

Hyperthermic
Aridic
Weak aridic
A3f
CSSI: 0.76

Mij: Dry)

Moisture calendar
(i:m/d)
(|:Moist)

1 * * * * * * * , 1 0 * * * * * * * * , 2 0 A * * * * * * * 30

1 * * * * * * * 10 * * * * * * * * 20 * * * * * * * * 30

888888888888888888888888888888
888888888888888888388888888888
888888388838888883888888888888
883838883338883888883338888888
8888888333888338888338388338SS
888833888883888888388833388388
883338888333888388888338838888
888888888388888888838888883388
888888883388888888838888388838
888883888888838888888888883888
338883338888888888883338838888
883338888883888388838883388888

^^iS^/e^i^yj^^y/^-i^^ii^i^^^

Soil moisture regime
Number of cumulative days that
the moisture control section ..
.. during one year
is
diy m/d moist

.. when soil temp.
is above 5X1 is
dry m/d moist

229

229

131

0

131

Highest number of consecutive days
that the moisture control section is ..
.. moist in
some parts of
ohe year (T>8)

.. dry after
summer
solstice

.. moist after
winter
solstice

89

16

0

0
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Table 2. Classes of soil temperature regimes (STR).
Soil temperature at 50-cm depth (°C)
Name
Mean annual
Pergelic
Crjdc/Frigid
Mesic
Thermic
Hyperthermic
Isofrigid
Isomesic
Isothermic
Isohyperthermic

Difference between mean summer
and winter temperatures

<0
0-8
8-15
15-22
>22
0-8
8-15
15-22
>22

Figures la, b, c, d, e, f, g, and h, show the distribution of the dry, partly dry,
and humid periods at a station. The beginning, end, and duration of the growing
season is also given. These figures illustrate the complexity of the SMRs and
the significant differences between sites. The differences show the need for
different kinds of cropping systems, different kinds of farming systems, and the
relevance of specific technologies.
The very high and almost continuous rain in Thikka, Kenya, resulting in a
long growing season (LGS), has different constraints than the low LGS situation
in Nigeria and Zimbabwe. In the former, prevention of periodic waterlogging is
an important problem, while in the latter, water-harvesting may be the most
important concern. In Zimbabwe, water availability at the end of the growing
season is an important problem. Short duration crops or crops requiring short
growing seasons may be an option.
Table 1 and Figure 1 only serve to illustrate the average situation at each
site. To perform a comprehensive analysis, it is necessary to have climatic
data for as many years as possible. In most cases, these would not be available
for the actual site, and so one would have to rely on data from the nearest
climatic station. With long-term data, other kinds of analysis can be
performed, and usually one would expect a qualified climatologist to oversee
this work. At all events, an analysis based on long-term data should be made
for all network sites.
Table 1 provides information on some other parameters. The 'moisture
stress severity index' (MSSI) has values ranging from 0 to 1. In the tropics, the
'temperature stress severity index' (TSSI) is not relevant, and so the 'climate
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Figure 1. Soil moisture diagrams fo' stations in IRSRAM Vertisol network.

Monlhs
• Dry 21 Partly dry- SS Moist
Growing season: 16 June - 2 Apr. (287 days)
MSSI = 0.27
Ustic, Isothermic
Figure la. Soil climate of Debre Zeit (Ethiopia).

JAN FEB MARAPRMAY JUN JUL AUG SEP OCT NOV DEC

Months-

'••'•'• - ;• •

,G3DryHPartlydry SMoist
• _
Growing season: 16 May -14 September (119 days)
MSSI = 0.64
Ustic, Isohypenhermic

Figure lb. Soil climate of Accra (Ghana).
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No. days.

DDry a Partly dry S Moist
Growing season: 16 May - 13 September (118 days)
MSSI = 0.45

Ustic, Isohyperthermic

Figure Ic. Soil climate of Akuse (Ghana).

BDry O Partly dry f S Moist
Growing season: (360 days)
MSSI = 0.04
Ustic, Isohyperthermic

Figure Id. Soil climate of Thika (Kenya).
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No. days
30157

25 •20 :'•

0
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Months
El Dry H Partly dry ES Moist
Growing season: 16 July - 21 November (126 days)
MSSI = 0.65
Ustic, Isohyperthcrmic

Figure le. Soil climate of Maiduguri (Nigeria).

No. days

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Months
• Dry H Partly dry SI Moist
Growing season: 16 November - 26 September (311 days)
MSSI = 0.16
Ustic, Isohyperthcrmic

Figure If. Soil climate of Mwanza (Tanzania).
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No. days

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Months
B Dry • Partly dry E Moist
Growing season: 16 April - 9 January (263 days)
MSSI = 0.31
Ustic, Isohyperthermic

Figure Ig. Soil climate of Atakpame (Togo).

No. days

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Months
• Dry a Partly dry E3 Moist
Growing season: 16 January -14 April (89 days)
MSSI = 0.76
Aridic, Hyperthermic

Figure Ih. Soil climate of Triangle Hill (Zimbabwe).
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stress severity index' (CSSI) equals the MSSI. These parameters may also be
employed to compare sites.
The length of the growing season is the period when there is no temperature
stress and their is adequate moisture for the growth of most plants. In Table 1,
the length, beginning, and end of the growing season are given. Predicting the
actual beginning and end of the growing season is fraught with difficulties, and
consequently the data show only an average situation. If daily data for a
number of years are used, more reliable estimates may be obtained.

Micro variab ility
The soils in the network are all classified as Vertisols, indicating that
they have certain properties and lack others, which therefore place them in
this class at the 'order' level in Soil Taxonomy. If the soils are classified to
lower categoric levels, particularly to the 'series' level, significant differences
exist between the sites in the network. The site at Maiduguri, Nigeria, for
example has sandy materials at less than 1 m, and this will control the
internal hydrology of the soil. By comparison, the Vertisol at Akuse in Ghana
has rock at shallow depths, and this soil is different from the deep Vertisols at
Thikka in Kenya.
A network shows the variability of the same 'kind of soil' at different
sites. For the management of the soils, such variability must be recognized, and
each soil must be managed according to its unique properties.
The concept of soil microvariability deals with short-range changes,
specifically in experimental plots. It is necessary to know and appreciate this
variability as it would help in the interpretation of results. If there is
variability of important properties in the field, the experimental layout can be
designed to take this variability into account. This depends on the property. If
it is a permanent feature of the soils, such as depth to gravel, appropriate
design changes can be made. If there are temporal properties or the variability
does not follow a manageable pattern, this can only be reported in the
experiment report, and few preventive measures can be taken.
The gilgai microrelief seen on Vertisol landscapes illustrates the variability that can be expected at a site. The surface nucrotopography is reflected
within the soil by the arrangement of soil features (Dudal and Eswaran, 1988).
Figure 2 shows an extreme expression of this internal variability in a Vertisol
from Texas. The slickensides are distributed in a synclinal form. As a
consequence of this, the centre of the bowl is more moist and for longer periods of
time than the 'chimneys' at either end. The chimneys in this soil are more
gravelly, have less clay, and thus have less nutrients and moisture than the
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bowl. If the soil is ploughed, the microrelief is masked; but if plants are grown
on the soil, the growth is patchy. This microvariability can reduce the
effective yield of a soil. However, it is more important for field trials as it
introduces errors between replicates. Field plots must be at least twice the
amplitude of the gilgai to reduce the errors.

Figure 2. Microvariability in a Vertisol.
This microvariability can be evaluated by detailed sampling. The following is a preliminary study to illustrate the use of geostatistics in evaluating
microvariability. Figure 3a shows the layout of the field at Thikka in Kenya.
The points show the location of the samples taken. (Apparently more samples
were taken, but the results were not available when this study was made.) The
sampling points are clustered in the northern part of the field, so the results
will be skewed. A good density of points is essential for a valid study. The
accuracy desired will determine the total number and density of points.
Figures 3, 4, 5, and 6 illustrate a range of properties which were examined.
Any property which can be quantified can be used for such a study. Due to the
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KARl-IBSRAM Vertisol network site
(Mwea-Karaba, Kenya)
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Figure 3. Data points for the Vertisol experimental site in Kenya.
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Entrance gate

KARI-IBSRAM Vertisol network site
(Mwea-Karaba, Kenya)
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Figure 4. Distribution of organic carbon in the 0-30 cm depth at the site in Kenya.
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Entrance gate

KARl-lBSRAM Vertisol network site
(Mwea-Karaba, Kenya)
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Figure 5. Distribution of pH in the 30-60 cm depth at the site in Kenya.
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KARI-IBSRAM Vertisol network site
(Mwea-Karaba, Kenya)
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Figure 6. Distribution of percent clay in the 0-30 cm depth at the site in Kenya.
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low density and inappropriate distribution of points, we will not make any
conclusions from this study. These examples are provided to show the
potentials of the technique.

Appendix I
Key to tentative subdivisions of SMR
Key to subdivision of aridic SMR
1.
2.

3.

Soils with aridic SMR in which the moisture control section (MCS) is completely dry
during the whole year:
Extreme aridic
Other soils with aridic SMR in which the MCS is moist in some or all parts for 45
consecutive days or less during the period that the soil temperature at 50-cm depth
is more than 8°C:
T3qpic aridic
Other soils with aridic SMR:
Weak aridic

Keys to subdivision of xeric SMR
1.
2

Soil with xeric SMR in which the MCS is dry in all parts for more than 90
consecutive days during the four months following the summer solstice:
Dry xeric
Other soils with xeric SMR:
Typic xeric

Keys to subdivision of ustic SMR
1.

Soils with ustic SMR and iso-STR in which the number of consecutive days that the
MCS is completely or partly moist when the soil temperature at 50-cm depth is
more than 8'C - as follows:
a. less than 180 days:
Aridic tropustic
b. 180 to 270 days:
Typic tropustic
c. 270 or more days:
Udic tropustic
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Other soils with an ustic SMR:
a. Soils in which the MCS is dry in all parts for more than 45 consecutive days
during 4 months following the summer solstice, and where the MCS is
moist in all parts for more than 45 consecutive days during the four
months following the winter solstice:
Xeric tempustic
b. Other soils where the MCS is moist in all parts for more than 45
consecutive days during the four months following the winter solstice, and
where the MCS is not completely dry for more than 45 consecutive days
during the four months following the summer solstice:
Wet tempustic
c. Other soils:
Typic tempustic

Keys to subdivision of ustic SMR
1.
Z

Soils with udic SMR in which the MCS is dry in some or all parts for less than 30
cumulative days:
Typic udic
Other soils with udic SMR in which the MCS is dry in some or all parts for 30 or
more cumulative days and has:
a. an iso-STR:
Dry tropudic
b. other soils:
Dry tempudic
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Overview of IBSRAM's Vertisol
network in Africa
E. PUSHPARAJAH*

The distribution and importance of Vertisols in Africa is considered and the
initiation of IBSRAM's network on the management of Vertisols in Africa is
briefly reviewed. This shows that the initial objectives of the network has
been modified to enhance the scope of the investigations. The evaluation and
pooling of the results of the individual cooperators indicates that the
collaborative network is achieving the objective of sharing ideas and results
amongst cooperators and others with similar agroenvironments.
The main results to-date show that (a) actual distribution and not total
rainfall is important; (b) the total amount of rainfall and its distribution
dictates the need for water removal, or water conservation, or water removal in
the early part, and conservation in the latter part of the season; and (c) the
approaches to management against risks of uncertain rainfall could include the
combined use of drainage and water conservation, a choice of appropriate
varieties and densities, and early or postharvest tillage. Such approaches
have led to improved productivity through better germination, deeper rooting,
higher crop vigour, and reduced weed competition.
Further research
requirements are also suggested in the paper.

Vertisols cover about 320 million ha of the world's land area. Of this,
about 100 million ha are in Africa, where they account for about 6% of the
potential arable land. They are found under a wide range of agroclimatic
moisture regimes. On a broad regional basis, the Sudano-Sahelian zone
accounts for about 56.7 million ha of Vertisols and soils with vertic properties
(Table 1); subhumid and semiarid southern Africa accounts for 24.4 million ha;

International Board for Soil Research and Management, PO Box 9-109, Bangkhen, Bangkok
10900, Thailand.
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Table 1. Area of Vertisols and soils with vertic properties in Africa, according to soil limitations and length of growing
seasons.
Regions and
countries

Vertisols and soils
with vertic properties
(area '000 ha)

A. Sudano-Sahelian Africa
Burkina Faso
2596
Chad
8453
Mali
1238
Mauritania
171
Niger
1474
Senegal
416
Sudan
42 336
Subtotal
56 684
B. Humid and subhumid West Africa
Benin
246
Cote d'lvoire
107
365
Ghana
59
Guinea
1756
Nigeria
Togo
182
Subtotal
2 715

Area by soil problems ('000 ha)

Area ('000 ha) by length of growing days
<90

90-180

>180

274
907
560
142
1424
83
14859
12249

425
394
632
29
50
216
21836
23583

1897
7152
46
117
5 641
14853

120
107
39
31
438
735

-

120
105
10
1421
1656

126
107
260
49
335
182
1059

15
15

_

1117
27
1144

115
152
596
863

Tillage

Low fertility
or acid

2596
8 453
1238
171
1474
416
42336
56 684

1250
757
380
1146
102
101
3 736

246
107
365
59
1756
182
2715
1232
179
596
2007

Others

38
38

C. Humid Central Africa

Cameroon
Central African Republic
Zaire
Subtotal

1232
179
596
2007

Table 1. (cont'd)
Regions and
countries

Vertisols and soils
with vertic properties
(area '000 ha)

D. Subhumid and semiarid East Africa
Burundi
100
Ethiopia
11190
Kenya
2581
Madagascar
743
Uganda
804
Subtotal
15 418

Area by soil problems ('000 ha)
Tillage

100
11190
2581
743
804
15418

E. Subhumid and semiarid southern Africa
Angola
1023
1023
Botswana
4 918
4 918
Malawi
167
167
Mozambique
1952
1952
Namibia
5521
5 521
Swaziland
23
23
Tanzania
5649
5 649
2594
Zambia
2594
Zimbabwe
2598
2597
24445
Subtotal
24445
Total

101 269

101 269

Low fertility
or acid

Others

Area ('000 ha) by length of growing days
<90

90-180

-

-

100

1688
1694

1972

7 530

602
361
186

285
361
618

3403

3121

8 894

236

33

592
973
6
999

4 073

1449

195
161
887
-

21
-

98
98

3 945

1457

95

>180

731
914

23

341
1798

95

9 964

2137
1524
1457
9160

6 328

133

31616

38 663

2 781
1070

227
5 321
30 990

subhumid and semiarid East Africa 15.4 million ha; humid and subhumid West
Africa 2.7 million ha; and humid Central Africa 2.0 million ha.
Though the occurrence of Vertisols is extensive, they remain underutilized
for food production. This happens even in countries with extreme food
shortages, though Vertisols are generally considered to be highly productive
soils. This is because the high clay content, restricted optimal moisture range
for tillage, drainage constraints, and high energy demands make them difficult
to cultivate. In addition about 6% of the Vertisols (about 6.4 million ha) have
soil fertility limitations (Table 1).
The inherent potential of a soil can be realized if there is adequate
moisture (in normal instances through rainfall) and suitable growing
temperatures. A minimum period of about 90 days with adequate rain and
suitable temperature is required to support crops of maize, sorghum, etc. Using
this criterion, it is evident that about 31.2 million ha may not be suitable for
agriculture under rainfed conditions. On the other hand, about 39 million ha
experience a growing period of >90 days, and a further 31 million ha have
growing periods of more than 180 days (Table 1). In fact Ikitoo and Muchena
(1992b) indicated that lower temp>eratures experienced in the Mwea area in
Kenya during the 'long rains' may account for the lower yield of maize during
the season, compared to that in the 'short rains' season which experiences a
higher temperature; this emphasizes the need to consider temperature as a
factor.
Vertisols are scattered all over the continent, and the African farmers know
them but difficult to manage. Drainage during the rainy season, water deficits
during dry periods, and tillage difficulties are the main constraints
encountered.
Eswaran and Virmani (1990), in developing the concept of sustainability,
confirmed that, on average, production on Vertisols can be sustained for an even
longer period than on Alfisols (Figure 1).

The network and its activities
Initiation

and

objectives

A workshop held at ICRISAT in February 1985 (ICRISAT, 1988) accepted
that improved techruques for the management of Vertisols were available. A
follow-up workshop organized by IBSRAM, and held in December 1986 in
Nairobi, Kenya, confirmed the need to establish a collaborative network on the
management of Vertisols under senuarid conditions in Africa (IBSRAM, 1987).

.170

Sustainability

200

500

1000 5000 10000

Time
Oxisols

Alfisols

Venjsols

Figure 1. Concept of sustainability (Eswaran and Virmani, 1990).
A network initially styled 'MOVUSAC' and now officially designated as
AFRICALAND Management of Vertisols was irutiated in 1987.
At the inaugural workshop held in 1986 to initiate the network, the
following objectives were formulated:
to test and adapt techniques available for achieving better Vertisol
management needs in a range of semiarid zones in order to determine
those technologies which can be introduced most easily and effectively
into farming practices;
where appropriate, to conduct research on tillage, soil management,
water conservation, nutrient management, and cropping systems; and
to strengthen the research capabilities of the national cooperating
agencies.
With the development of network activities, it became apparent that
modifications to the objectives were needed. The cooperators of the network at
the workshop held in 1991 in Nairobi (IBSRAM, 1992) decided on the following
changes to the objectives.
Though the first objective implied that the work was to be confined to
'semiarid zones', because of the urgency and importance of applying new
171

techniques in these areas, the work had been extended to subhumid zones. Thus
it was decided to eliminate the words 'semiarid zones' from the objective in
order to cover all regions.
The participants further agreed to redefine the second objective. The
changes included:
'tillage and soil management' should be expanded to cover not only land
shaping, but should include the development of tillage implements
(with emphasis on animal-drawn implements) and on soil conservation
(to reduce erosion);
the words 'water conservation' should be changed to 'water
management', which should include not only water conservation but
also drainage. Water conservation should not be confined to conserving
water in the root zone of plants, but also relate to the conservation of
excess flow in pools or minireservoirs. Drainage, which is important to
remove excess surface water, should take place not only at the farm
level but also on a catchment basis; and
cropping systems should be extended to include the important
components of animal husbandry, as land shaping entails the need for
more draught power, and the increased crop yield (including higher
stover) means more food for animals.
The changes in the objectives were to reflect the changes in the direction of
activities that had taken place, and to emphasize the need for closer focus on
some of these aspects.

Cooperators and progress in the

network

Nine countries are fully integrated in the network, while another
(Ethiopia) which has its own joint initiative (JVP, 1990) also closely interacts
in the Vertisol network. The cooperating agencies and the stage now reached in
the activities in the different countries are given in Table 2. It is evident that
donor support for the national projects has been a major limitation. Despite
this handicap, most cooperators have made tremendous achievements with the
limited funds made available by IBSRAM. This is obvious from the reports
which have been published (IBSRAM, 1989; 1992) and the papers presented in
this workshop.
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Table 2. Details of activities in the network on the management of Vertisols.
Country, site, and institution

Donor support

Stage of activity

Benin t
Lama
Direction des recherches
agronomiques (EMAP)

Soil map at a scale
of 1:1200 completed

Burkina Paso +
Mangua
Bureau national des sols (BUNASOLS)

Topographic survey
and soil map at a scale
of 1:1200 completed

Ethiopia
Akaki, Debra Zeit, and other institutes
of agricultural research (lAR),
Alemaya Agricultural Institute, and
the International Livestock Centre
of Africa (ILCA)

Swiss
Development
Cooperation

Phase I completed,
moving to Phase 2

Ghana
Kpong in Accra Plains
Department of Soil Science,
University of Ghana

Initially:}:
- now ODA

Experiment in
progress

Kenya
Karaba, Mwea
Kenya agriculture research laboratories
and National Fibre Research Centre

As part of
EEC project
on soil
fertility

Experiment in
progress to be
extended to second
site

Malit
50 km from Segu
Institut d'économie rurale (SRCVO)

t

Site characterization
Completed

Nigeria
New Marte and Ngala
Lake Chad Research Institute and
University of Maiduguri

t

Experiment in
progress

t
ij:

Indicates no activity in last 12 months due to nonavailability of funds,
Indicates limited funds made available by IBSRAM.
continued next page
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Table 2. (cont'd)
Country, site, and institution

Donor support

Stage of activity

Tanzania
Ukuriguru Research Station and Lubuga
Tanzanian Agriculture Research
Organization (TARO)

:}:

Experiment in
progress

Togo
Sika-Dondji in Lama depression
Institut national des sols

:}:

Experiment in
progress

Zimbabwe
Chisumbanje
Soil productivity research laboratories and
lowveld research stations

J

Experiment in
progress.
Extension in progress

t Indicates no activity in last 12 months due to nonavailability of funds.
X Indicates limited funds made available by IBSRAM.

Outcome of network activities
The main benefit of a collaborative network is the sharing of ideas and the
results that emanate from the research, with sharing being applicable not only
amongst the cooperators but also with others in the surrounding countries, or
those with similar agroenvironments as the cooperators. This network is
achieving these objectives.

Lessons

learnt

The main findings from the network activities are:
actual distribution of rainfall and not total rainfall is important;
depending on the rainfall and its distribution, there is a need for water
conservation, or removal of water, and for removal during the early
part of the growing season with conservation at later stages; and
in the zones where network activities are being conducted, an important
component is risk management, because of the uncertainties of rainfall
and attacks by pests.
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Distribution of rainfall
Nyamudeza (1991) has highlighted this point based on his experiences
with the project at Chisumbanje, Zimbabwe. He showed that from October
1989 to March 1990, though a total rainfall of 507 mm was experienced, about
250-300 mm was not effective (Table 3). The crop was dry-planted and
germinated after 67.5 mm of rain on 12 December 1989; thus this becomes the
effective planting date. On this basis Nyamudeza (1991) considered the
rainfall up to 12 December 1989 (86.7 mm) to be ineffective.
In Chisumbanje, it was shown that evaporation losses were equivalent to 810 mm of rain within 24 hours of a rainfall event if the succeeding period was
dry. On this basis, Nyamudeza (1991) assessed that rainfall of less than 20 mm
before dry periods was not effective.
In addition, during normal days, an average of 1.5 mm of water is lost by
evaporation. Consequently Nyamudeza (1991) calculated that of the total
rainfall of 420.2 mm (from planting in December 1989 to harvesting on 9 April
1990) only 155 mm was used by the crop.
As can be seen from Table 3, rainfall in February and March (postflowering
period) was minimal, indicating that the crop had to depend on residual soil
moisture, estimated at 120-130 mm per metre of soil.
Nyamudeza et ah (1991) reported that in most years after harvest, say by
June or so, the soil dries up, only retaining soil moisture of about 20%, which is
less than the wilting point. Jones et ah (1989) estimated that in most years an
initial rainfall of up to 100 mm is required to bring the soil moisture to a point
between wilting and field capacity. The amount of rain needed to raise soil
moisture from air-dried soil to a moisture capacity of 15 bars approximates the
amount held in the free range. Thus not all the 'effective' rain would be
available to plants.
Infiltration rates and surface runoff are also factors which influence the
plant availability of the effective rain. In arid regions, e.g. Chisumbanje in
Zimbabwe, the surface soil has a well-developed mulch of up to 10-cm
thickness. Initial infiltration is high (up to 600 nun h'') while the final steady
state is about 22 mm per day. In Ngala (Maiduguri, Nigeria) for example,
surface mulch is not evident. Soil cracks are wider and deeper and the steadystate infiltration varies from about 7.5 to about 17 mm per day (Kaigama et ah,
1992).
Visual observations indicate that surface sealing and runoff are more of a
problem in Ngala than in Chisumbanje. It is also likely that in Ngala the
infiltration is uneven where the surface soil gets saturated, while the subsoils
receive water mainly through the cracks.
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Table 3. Rainfall at Chisumbanje (mm), 1989/90.
Date
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
Total

Oct.

1989
Nov.

-

105
.

1.6

.
-

.
.
2.1
5.0
6.8
-

.
.
15
02
-

.
.
-

.
.
35
6.0

.
.
-

1990
Feb.

1.2
2.7
.
.
.

03
8.8
28.0
-

1.2
0.3
0.3

_
6.9
55
05
32.9
8.8
05
21.1
13.0
1.0

0.8
2.0
2.3
0.3
0.3
-

03
6.0
42.8
23.6
23.8
23.8
15.1
15.1
1.7
1.7
02
29.0

2.7
02
---.

6751
.
.
1.4

.
.

.
.

.

.
52
0.7
35.0
7.7
--0.3

20.0

43.0

Jan.

Mar.

11.9
.

05
25
15
.
-

Dec.

1.0
5.0
.

.
02

39.8

121.7
(117.8) t

270

+ Effective planting date. Sorghum harvested on 9 April 1990.
j;. Rainfall from effective sowing date.
Source: Nyamudeza (1991).
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10.4

11.0
4.0
7.0

22.0

In these soils with wide cracks under dry conditions, the water from rain or
irrigation will flow more into the cracks - a vertical movement of free water;
and this flow (i2) exceeds infiltration (ij). Only when the cracks are fully
closed can most of the water infiltrate into the peds (condition 3 in Figure 2).
Microrelief can influence the rate of infiltration; the 'self-mulch' in the
Chisumbanje Vertisol could have contributed to the higher infiltration. (This
is discussed further under the section on approaches to land shaping; see also
Mordi et al. [1992])

Drying _ ,

Wetting
Wetting zones after infiltration

Figure 2. Schematic diagram showing the effects of wetting and drying on cracking in
clay soils (Bouma and Loveday, 1988).

Thus it is important not only to estimate 'effective' rainfall but also wateruse efficiency (the latter is estimated by yield divided by water available
during the growing season).
Water conservation
In semiarid and arid zones the need for water conservation is very evident.
As the trial in Zimbabwe has been in progress the longest, the results from this
trial are used as an example.
Nyamudeza et al. (1991) showed that land shaping for water conservation
gave l5eneficial effects; the improved land shaping was the use of tied furrows
with planting in the furrows. On average, over a period of eight years,
planting in tied furrows gave higher yields; the increases were sorghum 27%,
maize 45%, and cotton 32% (Table 4).
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Table 4. Effect of land shaping on crop yields at Chisumbanje.
Yield (kgha-i)
Season
Sorghum
Flat Furrow
1987-88
1988-89
1989-90
Average (1982 to 1990)

3380
928
1560
1765

3737
1224
2028
2240

Maize
Flat Furrow

Cotton
Flat Furrow

1590
507
1093
1175

2591
1321
482
1230

3784
1075
1294
1708

3538
1726
1062
1625

Source: Nyamudeza et al. (1991).

Water removal
In Ghana, Dua-Yentumi et al. (1992a) showed that in the Accra Plain, most
farmers plant on the flat, but they attempt to make simple drains to remove
excess water; others do some form of land shaping at seedbed preparation
(ridges, mounds, beds, etc.). In the first year of the trial, it was shown that
with maize the use of broad beds gave a jaeld of 2710 kg, while planting on the
flat only gave a yield of 1930 kg ha'^ - a yield difference of 780 kg ha"' per crop.
In the short rainfall in the following season (June-August 1992), the yield of
maize on the flat was 850 kg while that on broad beds and furrows (BBFs) was
2215 kg ha-' (Dua-Yentumi et al, 1992b).
At the Mwea site in Kenya, improved overall drainage (box drains) alone
appeared sufficient to increase the yields of the crops tested (Ikitoo and
Muchena, 1992; Muchena and Ikitoo, 1992).
Similarly in Nigeria at the Ngala site near Maiduguri, Mordi et al. (1992)
reported that land-shaping to remove excess water was seen as essential, at
least with regard to promoting better germination of maize (25 to 35% in flat vs.
80 to 100% on BBFs) and cotton (5.5 to 41% on the flat vs. 55 to 100% on BBFs).
Subsequent growth was better too when the excess water was removed. The
variability in percentage germination, even on the BBFs, could be due to the
uneven surface of the seedbed, where water which stagnated in the depressions
could have adversely affected germination even on the raised beds.
Unfortunately as planting was delayed (which could be a common problem
when excess rainfall in the early season precludes soil tillage), the plants
failed due to lack of water during the subsequent growth stage. This implies
that there are situations where both water removal in the early part of the
season and conservation later on is required.
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Water removal and conservation
In Labugu, Tanzania, land-shaping treatments were introduced mainly to
remove excess surface water and floodwater. However, since the initiation of
the trial about two years ago there has been low rainfall, and in the 1991/92
season there was a moisture deficit (Gama et al., 1992). A land-shaping
treatment that could cater for variations in rainfall was coiisidered to be more
appropriate. A similar situation occurred in Togo (Worou, 1992) and in Nigeria,
where there was a delay in planting which led to the need for removal of
excess water in the initial stages and for moisture conservation subsequently.
In Kenya, a second site is being selected at Matuu. The rainfall pattern
indicates that drainage is critical at the commencement of the rains (the
farmers indicated 'flooding' during the first two weeks of rain), and thereafter
the problem was one of lack of moisture, particularly during the long rains.
In Zimbabwe at the Chiredzi station, Nyamudeza and Jones (pers. comm.)
working with Alfisols have shown that a tied-furrow system appears suitable
for such situations. In the system, the crops are planted in the lower slopes of
the ridges instead of in the furrows or ridges (Figure 3). There is some flooding
for a few hours, but the crops do not suffer adversely. If there is too much water
the tied furrows could be opened to remove excess water, and towards the latter
part of the rainy season they could be tied again.

Crxks
on ridge

Original
soil surface

Figure 3. Cross section of the tied-furrow system.
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Similarly, where only field drains are made to remove excess water during
the start of the rains, the possibility of closing the drains to conserve water
could be considered.
Land shaping - approaches and effects
Various approaches have been tested. There range from simple field drains
to ridges and furrows, broad beds and furrows, cambered beds (for drainage), and
tied furrows and ridges (for conservation). Cambered beds appear to be
'nonstarters', especially in view of the energy required to make them; however,
where machinery is available this could be an option.
An interesting aspect with regard to the use of BBFs has been observed by
Srivastava (1992). He has shown the importance of the need to study the
depth of soil to the water table during the growing season. The height of the
BBF has to be adjusted to match the water table; thus where the water table is
nearer the surface, the height of the BBF has to be higher than where the
water table is deeper.
In Nigeria, Mordi et al. (1992) showed that the depth of rooting was
influenced by land-shaping practices; the average rooting depth of cotton was
23 cm on the flat and 31 cm in the BBFs; the difference being the height of the
BBFs. A feature needing closer scrutiny is soil moisture in relation to the depth
of rooting. Soil moisture measurements at the time of assessment are given in
Table 5 (Mordi et al, 1992).
Table 5. Soil moisture in relation to the soil depth.
Soil depth
(cm)

Soil moisture (g g'^)
BBFs

0-15
15-30
30-50

0.09
025
0.68

Flat
014
0.42
0.68

Why did the roots not penetrate deeper to where the water was? As
tillage in the flat was done to a depth of about 20 cm (the depth of rooting), the
physical characteristics of the zone immediately below the root depth needs
closer scrutiny.
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Management against risks
A number of trials have indicated that there is a need to cater for
uncertainities of rainfall. A combined approach of drainage and conservation is
one of the alternatives. Nyamudeza et al. (1991) have indicated that the
selection of appropriate densities is another approach. They suggest that in
arid regions with low and uncertain rainfall, a density of 66 00 plants for
sorghum and 22 0(X) plants for maize and cotton is appropriate. The effect of
such low populations was less pronounced in 'good years' with sorghum and
cotton than with maize, as sorghum compensated for the low population by
extra tillering, and cotton responded by an increase in frame size. In most years,
a high density of sorghum and cotton produced a large number of small heads
and small bolls respectively, and the total yield is often not different from that
obtained with a lower population which gave fewer but larger heads and bolls.
Maize, on the other hand, cannot compensate for lower populations in good
seasons; however, in poor seasons lower populations gave some yield while
higher populations failed.

Benefits
The main benefits emanating from the network activities are indications
that with proper water management there is improved gernunation, vigour,
and yield. In addition, based on the experience in Zimbabwe, other cooperators
could consider appropriate options for risk management - particularly risks of
uncertain rainfall.
The results from Ghana and Nigeria, where the researchers addressed the
situation of weed emergence and their eradication, show that proper water
management, which enables greater vigour of crops, also results in less weeds.
In Nigeria, Mordi (pers. comm.) showed that the use of BBFs led to higher
vigour of the crops, less weeds, and thus less time spent on weeding.
Table 6. Time spent on weeding (man hours).
Date

Land-shaping
Flat

19 Aug. 1991
3 Sept. 1991

5
4
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BBFs
1
1

Similarly in Zimbabwe, where planting was done in the tied furrows, the
ridges tended to be dry and thus were weed-free; consequently weeding had to
be done only in the furrows. On the other hand where planting was on the flat,
the weeds proliferated over the field and more time for weeding was required
(Pushparajah, 1991).

Problems encountered

and

solutions

Despite the different types of Vertisols (from the self-mulching ones in
Zimbabwe to the compact "sodic" Vertisols in Nigeria), the network has
produced results which when pooled together allow for the formulation of
technologies for improved management of Vertisols in Africa. There are,
however, a number of problems which need to be addressed and eliminated or
catered for. These are discussed below.
Soil variability at the site and within plots
The detailed characterization of the soil in a 10 x 10-m grid (IBSRAM)
will allow some of this variability to be accounted for. However, this does not
fully eliminate variability within plots. Variability within plots can best be
ascertained by detailed observation of plant growth, and this should be taken
into consideration in deciding on sample size.
Another aspect is the presence of gilgais. In Chisumbanje, for example, the
gilgais have an average diameter of 3 m. Thus a plot width of about three
times this diameter could enable the eventual elimination of the variation
induced by gilgais.
Plot layout
As the trials involve land-shaping, there is often a 'neighbour-plot
influence', where, for example, water from a BBF or cambered bed flows into a
neighbouring plot used for planting on the flat. In Kenya, researchers
attempted to eliminate this effect by isolating the plots with drains.
However, although this was sufficient to drain the excess surface water from
plots using planting on the flat, the farmers' practice, and thus the latter
treatment, could not be used as the control. Subsequently a proper 'control'
treatment had to be set up outside the earlier designed layout.
In other instances, in order to avoid the 'nearest-neighbour plot influence',
the land-shaping treatments have not been randomized. These aspects need
closer scrutiny.
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Observations
The layout and intensity of recording should be enhanced. There is a clear
need to record percent germination, days to each phenological stage, final
stand, incidence of pests, diseases, and weeds, the differential amount of
chemicals and labour used, postharvest management of crop residue, and visual
observations of soil features. These should be in addition to monitoring the
yield of crop and biomass and soil properties (in particular soil moisture).
Land shaping
Land shaping for adequate water management is becoming accepted as the
logical solution to enhanced productivity on Vertisols. However, Vertisols are
difficult to work with and often have a limited range of soil moisture for easy
workability. Nevertheless some progress has been achieved in developing
tools for land-shaping. Amongst these are the animal-drawn broadbed maker
developed by ILCA and the modified ridger developed in Zimbabwe under
IBSRAM.
Brown (pers. comm.) has tested the ridger not only on Vertisols but also on
alluvial soils in the lowveld areas in Zimbabwe. Of the ten sites, in three a
team of 3 donkeys was used, while in others a team of oxen was used. The
average output was 0.1 ha per 45 minutes or about 0.5 ha per working day.
Tractor-drawn ridgers are also available, and about 1 ha can be ridged in an
hour.

Farmer

acceptability

The technologies being evaluated generally emphasize landshaping; but
they also include other components in the packages, notably the population of
crops, and varieties.
The trials in Zimbabwe have been in progress longer than the others, and
therefore farmer acceptability is more evident there. Nyamudeza et al. (1991)
have shown that over 100 farmers have paid for the construction of tied furrows
on a 1-ha parcel of land, and the demand is growing. The acceptance of the
technology by the farmers is stimulated by a farmers' day and demonstration
(Nyamudeza et ah, 1991). Recently, Brown (pers. comm.) reported that one
village cooperative purchased a ridger for use by their members.
The ridger developed in Zimbabwe has also drawn interest from Kenya,
where the cooperators now wish to evaluate the ridger under their own
conditions.
In Kenya, in the Mwea area, farmers surrounding the trial site have started
to implement some drainage practices to drain away surface water.
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In Tanzania, in Lubuga, farmers have started accepting components of the
technology being evaluated. In the area, farmers normally use local varieties
which have a long maturation period and give an average yield of 1 t ha'^. The
trial uses a hybrid variety (TMV 1), which is self-pollinating and has a short
maturation period (about 100 days) and gives an average yield of 2 t ha"^.
Farmers in the area surrounding the trial have increasingly been making
requests for seeds of the new variety (Gama, pers. comm.). Seeds are in short
supply; some farmers have apparently been 'harvesting' the bigger cobs from
the experimental sites for use in their farms.
In Tanzania, there has been a need to establish proper spacing and thus
plant population (44 (KX) plants ha) in relation to the land-shaping being used.
The commissioner for agriculture, Tanzania (a policy-maker) has shown a keen
interest in this additional component, and has directed the extension staff to
give some attention to appropriate population density and spacing in their
work.
Concerted efforts are needed to ensure that farmers are exposed to the
technologies being validated. The farmers' response has to be continually
monitored.
Questions

that need to he

answered

The results to date indicate that a number of strategic aspects have to be
looked at in greater detail. These include:
• the need for a good understanding of soil-water-plant interaction;
• a better knowledge of the agroclimate - rainfall distribution,
temperature regimes, etc.;
• a better knowledge of Vertisols and their distribution - type, depth,
etc.;
• ways to improve land-shaping tools, with emphasis on animal-drawn
equipment;
• water harvesting, drainage, and conservation - not only at the farm
level but also on a catchment basis;
• the integration of livestock in the system (with land shaping there
will be an increasing need for draught power, and with improved
growth there will be more fodder available for the animals); and
• socioeconomic features.
It is realized that not all cooperators or countries can address all these
issues. Each country cooperator could initially emphasize one of them, and the
information could be shared to enable the initiation of validation trials, thus
fulfilling the concept of networking.
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APPENDICES

PROGRAMME
OF WORKSHOP

APPENDIX I

Wednesday 10 June 1992
Participants arrive in Accra
Check into hotel
Thursday 11 June 1992
08.00-09.00

09.00-09.10
09.10-09.25
09.25-09.40
09.40-10.00

10.00-10.30

Registration
Opening ceremony
Chairman: Prof. D.K. Acquaye
Introduction
Prof. D.K. Acquaye
Address on agricultural research in Ghana
Prof. K.A. Haizel, DDG of C.S.I.R.
Welcome address
Dr. M. Latham, DG, IBSRAM
Opening address
Prof. D.A. Akyeampong, Pro-Vice Chancellor,
University of Ghana, Legon
Break

SESSION I: Presentation of country progress reports (1)
Chairman: Dr. R.W. Smith
10.30-11.00
11.00-11.30

Survey of farming practices on Vertisols in North Ghana and the
Accra Plains
Kuame Archin
Improving the management of Vertisols for sustainable cropping
system - report on the major season trial with maize on Vertisols of the
Accra Plains
S. Duah-Yentumi, Owusu-Bennoah, J.W. Oteng,
D.K. Acquaye and Y. Ahenkorah
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11.30-12.00
12.00-12.30

12.30-13.45

Management of Vertisols in semiarid areas of Kenya
F.N. Muchena and E.C. Ikitoo
Preliminary results on the effect of improved management
technology of Vertisols for sustained crop production in the Ngala
Plains of Nigeria
R.I. Mordi, B. Bababe and B.K. Kaiagama
Lunch

SESSION II: Country progress reports (2)
Chairman: Dr. Fred Muchena
13.45-14.15
14.15-14.45
14.45-15.15

15.15-15.45

Effect of seed bed preparation methods on yield of maize and cotton
in a Pellieutric Vertisol
B.M. Gama, F. Bagarama and J.G. Mowo
Essai de cultures de maïs et de niébé de fin de saison des pluies sur
les Vertisols au Togo meridional
S. Worou and K. Sodjadan
Adoption of the tied furrow technique, and the effects of the technique
and the previous crop on residual moisture and peld of sorghum and
maize
P. Nyamudeza, E. Mazhangara and E. Kamba
Break

SESSION III: Ethiopian experience
Chairman: Dr. Marc Latham
15.45-16.15
16.15-16.45
16.45-17.15

Food and feed production strategies for Vertisols in the Ethiopian
highlands
Abate Tedla and Getachew Asamenew
Land preparation methods and cropping systems for improved
agricultural production on Vertisols - lAR's experience
Hailu Regassa
Determinants of demand for fertilizers in Vertisols cropping systems
in the Ada and Lume regions of Ethiopia
Gezahegn Ayele and Tekalign Mamo

Friday 12 June 1992
Field visit
- Visit to the trial site at Kpong
- Visit to farms
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Saturday 13 June 1992
SESSION IV: Overview
Chairman: Prof. Yaw Ahenkorah
08.00-08.30
08.30-9.00
09.00-09.30
09.30-10.00
10.00-10.30

Research on crop and livestock intensification on small farms on
Vertisols: ILCA's experience
Getachew Asamenew and Abate Tedla
Management of Vertisols in Africa - ICRISAT's experience
K.L. Srivastava
Variability in soil and climatic conditions in IBSRAM's African
Vertisols network sites
H. Eswaran
Overview of IBSRAM's Vertisols network in Africa
E. Pushparajah
Break

Review of activities
10.30-12.30
12.30-14.00
14.00-16.00

Review of programmes
Chairman: Dr. D. Acquaye
Break
Proposals for follow-up
Chairman: Dr. M. Latham

Sxmday 14 June 1992
Participants depart
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University of Ghana
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Department of Soil Science
University of Ghana
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Research Station
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University of Ghana
Legon, Accra

193

TOGO

E. OWUSU-BENNOAH
Department of Soil Science
University of Ghana
P.O. Box 245
Legon, Accra

Koffi SODSADAN
Institut National des Sols
B.P. 1026
Lomé

R. SANT'ANNA
FAO Regional Office for Africa
P.O. Box 1628
Accra

Soklou WOROU
Institut National des Sols
BP 1026
Lomé

KENYA
UNITED KINGDOM
Edwin Caleb IKITOO
KARI
National Fibre Research Centre
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Roger W. SMITH
Overseas Development Administration
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Silsoe Research Institute
Silsoe
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F.N. MUCHENA
KARI Laboratories
National Agricultural Research
Laboratories
P.O. Box 14733
Nairobi
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Hari ESWARAN
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Soil Conservation Service USDA
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Washington D.C. 20013
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Rufus I. MORDI
Lake Chad Research Institute
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Phibion NYAMUDEZA
Department of Research and Specialist
Services
Chiredzi Research Station
P.O. Box 97
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Mwanza

194

IBSRAM
Marc LATHAM
P.O. Box 9-109
Bangkhen, Bangkok 10900
THAILAND
Eliathamby PUSHPARAJAH
P.O. Box 9-109
Bangkhen, Bangkok 10900
THAILAND

195

IB SRAM
BOARD OF TRUSTEES
Dr. R.L. Sawyer, Chairman
1547 Montana Square
Hidden Lake, Carolina Trace
Sanford, North Carolina 27330
U.S.A.

Dr. NARONG Minanandana
Director General
Department of Land Development
Bangkhen, Bangkok 10900
THAILAND

Dr. R.W. ARNOLD
Soil Conservation Services
United States Department of
Agriculture
PO Box 2890
Washington, D.C. 20013
USA

Dr. Ann HAMBLIN
Bureau of Resources Science
Department of Primary Industries
and Energy
P.O. Box Ell
Queen Victoria Terrace ACT 2600
AUSTRALIA

Mr. A.J. SMYTH
"Four Seasons"
11 Compton Way
Farnham, Surrey, GUlO IQY
UNITED KINGDOM

Dr. Moctar TOURE
Executive Secretary
Special Program for African
Agricultural Research
The World Bank
1818 H Street NW
Washington DC 20433
U.S.A.

Prof. Kikuo KUMAZAWA
Nodai Research Institute (NRI)
Tokyo University of Agriculture
1-1-1 Sakuragaoka, Setagaya-ku
Tokyo 156
JAPAN
Dr. Ildefonso PLA SENTIS
Apartado 1131 (las Acacias)
Maracay 2103
VENEZUELA
Dr. Julian DUMANSKI
C.L.B.R.R.
Agriculture Canada
C.E.F. Building 74
Ottawa, Ontario KIA 0C6
CANADA

Ex officio:
Dr. Marc LATHAM, Director
International Board for Soil Research
and Management (IBSRAM)
Headquarters
PO Box 9-109
Bangkhen, Bangkok 10900
THAILAND
Tel: 579-7590,579-4012,579-7753, 580-5958
Telex: 21505 IBSRAM TH
Telefax: 66-2-5611230
Cable: IBSRAM
E-Mail: CGI134

