


Risk Management for Maize Farmers 

in Drought-prone Areas of Southern Africa 

Proceedings of aWorkshop held 

at Kadoma Ranch, Zimbabwe, 1-3 October 1997 

d e~ 

•�CIMMYT ICRISAT Danida 
International Crops Research Danish International� 

Institute for the Semi-Arid Tropics Development Assistance� 



Risk Management Workshop 

CIMMYT (www.cimmyt.mx or www.cimmyLcgiar.org) is an internationally funded, nonprofit scientific research and 
training organization. Headquartered in Mexico, the Center works with agricultural research institutions worldwide 
to improve the productivity, profitability, and sustainability of maize and wheat systems for poor farmers in 
developing countries. ICRISAT was established in 1972 and conducts research which can lead to the enhanced, 
sustainable production of sorghum, pearl millet, finger millet, chickpea, pigeonpea, and groundnut, and to improved 
management of the natural resources of the semi-arid tropics, an ecology that encompasses approximately one-sixth 
of the world's population and many of its poor and is typified by unpredictable weather, limited and erratic rainfall, 
and poor soils. CIMMYT and ICRISAT are two of 16 similar centers supported by the Consultative Group on 
International Agricultural Research (CGIAR). The CGIAR comprises over 55 partner countries, international and 
regional organizations, and private foundations. It is co-sponsored by the Food and Agriculture Organization (FAO) 
of the United Nations, the International Bank for Reconstruction and Development (World Bank), the United 
Nations Development Programme (UNDP), and the United Nations Environment Programme (UNEP). Financial 
support for CIMMYT's research agenda also comes from many other sources, including foundations, development 
banks, and public and private agencies. 

CIMMYT and ICRISAT support Future Harvest, a public awareness campaign that builds understanding about the 
importance of agricultural issues and international agricultural research. Future Harvest links respected research 
institutions, influential public figures, and leading agricultural scientists to underscore the wider social benefits of 
improved agriculture-peace, prosperity, environmental renewal, health, and the alleviation of human suffering 
(www.futureharvest.org). 

DANIDA fosters ecologically and economically sustainable development, seeks to involve women in development, 
and promotes human rights and democracy through development cooperation between Denmark and individual 
countries and multilaterally through international agencies. Since 1994, Denmark has allocated more than 1% of its 
gross domestic product for assistance to developing countries - far above the proportion advocated by the United 
Nations - and has contributed significantly to research by the CGIAR. Agriculture is a priority sector in Danish 
development assistance. 

© International Maize and Wheat Improvement Center (CIMMYT) 1999. Responsibility for this 
publfcation rests solely with CIMMYT. The designations employed in the presentation of material in this 
publication do not imply the expressions of any opinion whatsoever on the part of CIMMYT or 
contributory organizations concerning the legal status of any country, territory, city, or area, or of its 
authorities, or concerning the delimitation of its frontiers or boundaries. 

Printed in Mexico. 

Correct citation: CIMMYT. 1999. Risk Management for Maize Farmers in Drought-prone Areas of 
Southern Africa; Proceedings of a Workshop held at Kadoma Ranch, Zimbabwe, 1-3 October 1997. 
Mexico, D.F. 

Abstract: This publication describes presentations, dicussions, and outcomes of a stakeholders' meeting to 
develop objectives, activities, and a work plan for a project on risk management in maize-based 
farming systems in Southern Africa, considered among the most marginal and precarious in the world. 
Topics covered include soil fertility research and management options; farmer participatory research 
and technology testing and dissemination approaches; indigenous risk management strategies; and use 
of crop models. A final chapter reports outcomes of project discussion groups, which among other 
things recognize the challenge and reiterate the imperative to combine modeling and participatory 
research, if relevant options are to be offered for high-risk areas. 

ISBN: 970-648-009-9. 

AGROVOC descriptors: Africa; Southern Africa; Zimbabwe; Malawi; Maize; Zea mays; Farming 
systems; Production factors; Production economics; Small farms; Poverty; Risk; Crop management; 
Soil fertility; Fertilizer application; Drought stress; Irrigation schemes; Simulation models; Research 
projects; Technology transfer; Innovation adoption. 

AGRIS category codes: EI6 Production Economics; EI4 Development Economics and Policies. 

Dewey decimal classification: 338.16.� 

Credits: Mike Listman, editing, cover photograph; Wenceslao Alamazan R., cover design, production.� 



Contents� 

Introductory Remarks 

D. D. Rohrbach v 

Project Overview: Linking Crop Simulation Modeling and Farmer 

Participatory Research to Improve Soil Productivity 

in Drought-Prone Environments 

D. D. Rohrbach 1 

Some Promising Soil Fertility Technologies 

Being Developed Within Soil Fert Net 

S. Waddington 5 

Soil Fertility Experimentation and Recommendations 

for Drought-Prone Regions of Zimbabwe and Malawi 

S. Snapp, R. Phiri, and A. Moyo 13 

Using Participatory Methods to Develop Manure Options: 

A Case Study in Mangwende Communal Area, Zimbabwe 

J.K. Nzuma, S. Mpepereki, and H.K. Murwira 25 

Farmers' Management of Risk: Experiences of the Indigenous 

Soil and Water Conservation Project in Zimbabwe 

E. Chuma and K. Murwira 33 

Participatory On-farm Trials 

at Irrigation Schemes in South Africa 

S. Walker 39 

Setting Targets: Modeling Crop Performance or Cropping Decisions 

D.D. Rohrbach and G.E. Okwach 47 

An Investigation of the Data Available in Malawi 

for Conducting Crop Model Simulations 

T. Benson 59 

Using Biophysical Simulation Models to Assess the Performance 

of Agricultural Systems in Risky Environments 

B. Keating and P. Grace 67 

Discussion Group Reports 83 

iii 



Risk Management Workshop 

iv 



Introductory remarks 

Introductory Remarks 

D.D. Rohrbach l 

Three years ago, ICRISAT initiated discussions with members of the Australian 
Agricultural Productivity Systems Research Unit (APSRU) regarding the application of crop 
systems simulation models for developing technology for drought-prone environments. ICRISAT 
was concerned about lagging adoption rates for crop management technologies required to 
improve productivity in these semi-arid areas. Farmers have widely adopted new seed varieties, 
but few use chemical fertilizer. Many small-scale farmers fail even to use available manure. As a 
result, much of the yield gain available in modem seed varieties is lost. 

The diagnosis of these adoption constraints, and development of more practical sets of 
crop management technologies has been limited by the extreme variability of rainfall in these 
environments. On-farm trials in semi-arid areas often fail. Treatment effects are inconsistent. The 
risks associated with alternative management strategies are difficult to measure. Crop simulation 
modeling offered a means of coping with these problems. If we could apply such modeling to 
answer questions raised about technology options by farmers, the probabilities of developing 
more practical sets of extension recommendations should improve. 

ICRISAT initiated two related modeling projects in 1995. The first was the Soil Fertility 
Management Project in conjunction with Zimbabwe's Department of Research and Specialist 
Services (DR&SS) and the Department of Agricultural Technical and Extension Services 
(AGRlTEX). This applies the simulation model EPIC to assess fertility management options for 
semi-arid environments. The second project, Collaboration on Agricultural Resource Modeling 
and Applications in the Semi-Arid Tropics (CARMASAT), more broadly links ICRISAT and 
APSRU in the development and application of the Agricultural Production Systems Simulator, 
APSIM. ICRISAT, APSRU and the Kenyan Agricultural Research Institute (KARl) initiated a 
related modeling effort with APSIM in the Machakos District of eastern Kenya in 1996. This 
project is titled Collaboration on Agricultural Resource Modeling and Applications in Semi-Arid 
Kenya (CARMASAK). 

The importance of these efforts was confirmed in a southern Africa regional workshop on 
crop management recommendations organized by ICRISAT in 1996. This workshop cited the 
need to place regional priority on the application of crop modeling, farmer participatory research, 
and geographic information systems (GIS) technologies to help develop better management 
technologies for drought-prone environments. The workshop participants acknowledged that most 
current extension recommendations for sorghum and pearl millet were outmoded. Few were 
being adopted. New techniques for developing more practical recommendations were required. 

lICRISAT. 
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Yet today we come to participate in this workshop with more questions than answers. We 
remain unsure about the capability of crop systems simulation models to accurately assess 
technology options in low resource systems. We remain at an early stage in the development of 
techniques for integrating farmers into this technology testing process. And we have barely 
started to consider the problems of extrapolation or scaling up which need to be resolved in order 
to make good use of location-specific modeling results. We remain with the challenge of pursuing 
near term impacts on the productivity of semi-arid farming systems, and we acknowledge the 
continuing difficulty of this challenge. 

ICRISAT looks forward to the discussions of this workshop on these and related issues. 
We also see this workshop as an opportunity to strengthen a broader set of research partnerships 
in Zimbabwe and Malawi. This includes the possibility of greater collaboration with CIMMYT. 

Finally, funding for the participation of ICRISAT' s invitees to this workshop comes from 
USAID, GTZ, and ICRISAT's own core programs. These contributions, and the related support 
DANIDA has provided for the implementation of these meetings, is greatly appreciated. 
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Project Overview:� 

Linking Crop Simulation Modeling and Farmer� 

Participatory Research to Improve Soil Productivity� 

in Drought-Prone Environments� 

D. D. Rohrbach' 

ICRISAT is developing a new project proposaJ to ensure continued funding for its modeling and 
related farmer participatory research activities in southern and eastern Africa. This proposal is 
necessitated by the impending completion of the SADCIICRISAT Sorghum and Millet Improvement 
Program in September, 1998, and problems encountered in securing an adequate level of core support for 
our crop modeling partnership under the Collaboration on Agricultural Resource Modeling and 
Applications in Semi-Arid Kenya (CARMASAK) project. The outline of this new project has been 
discussed with a range of stakeholders in southern and eastern Africa. As well, ICRISAT aims to 
incorporate the suggestions of this workshop into a final proposal to be distributed to donors later this 
year. 

To gather further comment and suggestions, I would like to review the objectives and main 
activities of the proposed project that have been defined to date. I hope we will have the opportunity to 
review and amend the proposal in the group discussions later today. I would then like to review briefly a 
few of the analytical problems we have encountered during the early stages of our collaborative modeling 
efforts in Zimbabwe and Kenya. 

The initial draft of our proposal for crop systems simulation modeling and farmer participatory 
research has four main objectives: 

1.� To diagnose constraints to the adoption of historically available crop management technologies in 
semi-arid farming systems. 

2.� To develop and disseminate more practical technology options for the improvement of crop 
management in semi-arid areas. 

3.� To develop the capacity of our partners in national agricultural research systems (NARS) to 
diagnose adoption constraints and apply farmer participatory research and modeling techniques. 

4.� As funding permits, to quantify the impact of policy and institutional reforms influencing 
technology adoption. 

'ICRISAT. 
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These objectives are to be pursued through six major research activities: 

t.� Establishing an inventory of available crop management technology targeted for cereal grain 
production in semi-arid areas and a baseline analysis of adoption rates. 

2.� Establishing an inventory of the crop management practices of small-scale farmers, particularly 
those relating to water and fertility management technologies which may be considered under the 
project. 

3.� Verification of the capacity of the Agricultural Production Systems Simulator (APSIM) to model 
crop management options for semi-arid environments in target countries. 

4.� Application of APSIM to the evaluation of fertility and water management options for improving 
crop productivity in the semi-arid regions of target 'countries. 

5,� Testing strategies for the extrapolation of technology recommendations across a wider range of 
semi-arid environments using geographic information services (GIS) technologies. 

6.� Training workshops for national partners in APSIM and farmer participatory research techniques. 

Activities have not yet been defined for the policy analysis component of this project. The initial 
draft of this proposal envisions a five-year effort spread across thee to four case study countries. These are 
expected to include Zimbabwe and Kenya, where related activities have already been initiated. Malawi 
may be included, in vie~ of the strength of ICRISAT' s activities in this country. Finally, South Africa 
could be included, given the strength of modeling expertise there. 

However, the targets being set in this proposal are still open to discussion and amendment. We 
look forward to discussions with a wider range of stakeholders in this workshop to help improve the 
proposal. These discussions should examine the objectives and planned activities of the proposal, and 
consider the relative contributions of various research partners. In the context of these discussions, we 
seek particular consideration of five issues of research analytics and linkage: 

1.� How do we best incorporate concepts of risk into the modeling effort? It is relatively easy to 
calculate probabilities of treatment response in relation to agro-climatic conditions, principally 
rainfall and temperature. However, it is more complicated to assess how farmers evaluate and 
respond to these risks. At the extreme, we might pursue technologies which offer no prospect of 
an economic loss. Yet we know farmers do not pursue this choice. Most farmers in the semi-arid 
regions of Zimbabwe plant maize knowing of the possibility of poor harvests during frequent 
years of drought. Many of these same farmers seem to over-estimate the risks of chemical 
fertilizer application. As experience with this input increases, the perception of its riskiness 
declines. Thus, risk also involves an information constraint. 

2.� What sorts of recommendations are we seeking to provide to farmers? Are we aiming to develop 
a set of ideal technologies for target agro-ecological zones, or are we aiming to provide farmers 
with a range of technology options or information about technology choices which may apply 
across diverse agro-ecologies? The first approach aims to refine the development of specific 
technology recommendations. The second approach aims to provide a wider range of information 
about technology choices to farmers. 
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3.� How do we go about setting technology targets? By one approach, we could choose a series of 
"best bet" technologies which have been identified by scientists for their high potential to 
improve smallholder productivity. These would be best assessed through the use of crop 
simulation models to evaluate performance across a range of rainfall seasons. An alternative 
approach would be to target the development of technologies identified as of interest, first, to 
specific groups of farmers. In this case, crop simulation models may be useful in helping farmers 
better evaluate how the technologies they are interested in may perform in a drought year. 

4.� Another issue is the choice of strategies for extrapolating modeling results. One strategy is to 
extrapolate data by agro-ecological zone. This is the usual method of technology targeting for 
undifferentiated groups offarmers planting in the same general environment. Alternatively, we 
may extrapolate data by a variably defined "adoption domain." This may be defined in terms of 
the resource mix, farming objectives, and risk preferences of small-scale farmers. By inference, 
neighboring farmers with different resource levels (e.g. one with manure and another without) 
would fall under different adoption domains, because different technology options might be 
relevant for each farmer. 

5.� We need to discuss opportunities for collaboration between the CIMMYT- and ICRISAT-Ied 
projects. First, we can envision collaboration with the collection and maintenance of key datasets; 
e.g., for weather and soils. This may involve the implementation of common methods for 
database organization. Collaboration may also be pursued with training in modeling and farmer 
participatory research techniques. The targets and means for pursuing such collaboration need to 
be considered. 
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Promising technologies from SoilFertNet 

Some Promising Soil Fertility� 

Technologies Being Developed Within SoilFertNet� 

S. Waddington' 

Abstract 

As ofOctober, 1997, the Rockefeller Foundation-funded "Soil Fertility Research Networkfor Maize
Based Cropping Systems in Malawi and Zimbabwe" has several promising technologies under study, 
including maize + pigeonpea intercropping, Magoye soybean rotations. and area-specific fertilizer 

recommendations for Malawi, as well as a yield optimization fertilizer package and soybeanfor 
communal areas in Zimbabwe. Several ofthese initiatives represent potential areas of involvement for the 

Risk Management Project-"where " or "how" are topics to be discussed during the stakeholder 
workshop. More information on the technologies mentioned above is available directly from our members 
and in papers such as those presented at the SoilFertNet Results and Planning Workshop held at Africa 

University, July 1997. 

The Soil Fertility Research Network for Maize-Based Cropping Systems in Malawi and 
Zimbabwe is a network of national program scientists and extension staff working on soil fertility issues. 
It contributes to the improved management of scarce soil nutrient resources through targeted research and 
enhanced interaction between researchers, extension specialists, and farmers. SoilFertNet is funded by the 
Rockefeller Foundation. The network is trying to identify several "best bet" soil fertility technologies that 
smallholder farmers are highly likely to profit from and to establish the on-farm benefits, profitability, 
and acceptance of other promising technologies. Most of these alternatives are researched by individual 
members, with direct grant support from the Rockefeller Foundation, and others are assessed collectively 
through network trials. 

"Best Bet" Technologies 

Over the last year SoilFertNet has attempted to take stock of which soil fertility technologies 
offer the best bets for improving the soil fertility of smallholder maize fields in Malawi and Zimbabwe in 
ways that are profitable and easily adopted. This effort resulted in papers by Giller et al. and a Planning 
Group on the topic at the 1997 SoilFertNet Results and Planning Workshop mentioned above. Selection 
of "best bets" has so far proved an uncertain task and is still evolving; nonetheless, certain characteristics 
were sought in candidate technologies, including: 

• Long-term contributions to increased soil fertility 
• Appropriateness for many farmers across important agro-ecologies 

CIMMYT maize agronomist and technical advisor to SoilFertNel. 

5 

I 



Risk Management Workshop 

• Small additional cash and/or labor requirements 
• Appropriateness in areas with little competition for arable land 
• Resulting ease of adoption by farmers 

Clearly some of these characteristics are more important than others in particular circumstances. 
For example, small cash and land requirements are important for farmers in much of southern Malawi, 
whereas minimizing additional labor demands is often vital in northern Zimbabwe. Risk assessments have 
not explicitly figured into this work so far, and many members of SoilFertNet will be interested in their 
out~ome. The "best bet" technologies identified for Malawi and Zimbabwe are listed and described in 
greater detail below. 

"Best bets" for Malawi are: 
1. Maize + pigeonpea intercropping 
2. Magoye soybean rotations 
3. Area-specific fertilizer recommendations 

"Best bets" for Zimbabwe are: 
1. Yield optimization fertilizer package 
2. Soybean for communal areas 

Maize + pigeonpea intercropping in Malawi 
(The Maize Commodity Research Team ofDARTS and Maize Productivity Task Force Action Group i:
principally Webster Sakala and John DT Kumwenda) 

In southern Malawi, where land is scarce and human population high, many farmers intercrop 
grain legumes with maize primarily to produce more food, but also to maintain soil fertility. Late
maturing pigeonpea is especially promising; the growth and development of maize and pigeonpea 
complement each other, so there is little competition. Pigeonpea matures on residual moisture after maize 
harvest. 

Maize + pigeonpea intercropping has been the subject of much research by the Maize Commodity 
Team. Optimal planting patterns and varieties have been studied and chosen. ICP 9145 pigeonpea, a long
duration variety that is resistant to Fusarium wilt and is higher yielding than local varieties, planted with 
one station (three seedslhill) between maize stations (37,000 plants per ha) is the best intercropping 
system. Late maturing pigeonpea intercropped with maize can often produce a dry matter yield of 3 tlha from 
leaf litter and flowers and, even if the seed is harvested for food, the leaf fall is sufficient for N accumulation. 
One disadvantage of pigeonpea is that it is highly attractive to livestock. However maize and pigeonpea is 
still the best intercropping system and further on-farm work is underway to look at rationing to reduce seed 
costs and to study the extent that pigeonpea reduces the need for inorganic fertilizer. Studies over several 
years are required to examine the long-term benefits of this intercrop on soil fertility. 

Magoye soybean rotations in Malawi 
(The Maize Productivity Task Force Action Group 4: principally DARTS and Bunda College of 
Agriculture) 

Soybean is a grain legume that can produce more calories per unit of land than unfertilized maize 
in Malawi, while also providing large amounts of protein and fixing N from the atmosphere. However a 
major constraint to its use in smallholder areas has been the need for inoculation with rhizobium to 
achieve N fixation and high yields. Because inoculants are not available for smallholders in Malawi, and 
farmers are unlikely to be able to afford inorganic fertilizer, soybean has been a less attractive option. 
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However, some naturally-nodulating or "promiscuous" varieties of soybean are available that fix N 
with the wider range of rhizobia often found in smallholder fields. The best known of these is called 
Magoye, which was developed in zambia. Naturally-nodulating soybeans such as Magoye have large 
above-ground biomass, a lower grain and N harvest index, and a more indeterminate development pattern 
than most specifically-nodulating types. Naturally-nodulating types are more likely to be net contributors 
of N to the soil. Magoye yields an average of 2.2 tlha of grain in monoculture and 0.86 tlha when 
intercropped in Malawi. Many Malawian smallholders have planted soybean in the last two years, and 
extensive demonstrations of Magoye + maize rotations were prepared in 1996/97. However, a recent 
collapse in the market price of soybean within Malawi has been a constraint to adoption of Magoye. 

Bunda College researcher ABC Mkandawire is investigating N2-fixation and soil fertility benefits 
of Magoye soybean under smallholder conditions in southern Malawi. Although the general experience of 
NGOs with Magoye has indicated that this genotype nodulates widely on smallholder farms in southern 
Malawi, a wider survey is required to confirm the distribution of compatible rhizobia. Nothing is known 
of which species or types of rhizobia nodulate the promiscuous soybeans in Malawi soil. 

Additionally, intercrops of pigeonpea with soybean (or groundnuts) are showing great promise. 
ICRISAT and Bunda College (again, spearheaded by ABC Mkandawire) found increased N input 
compared to soybean or groundnut alone, no reduction in soybean or groundnut yields, and high farmer 
preference for the combination. 

Area-specific and economic fertilizer recommendations in Malawi 
(The Maize Commodity Research Team and Soils Team ofDARTS and the Maize Productivity Task 
Force. Todd Benson has been the key player in the later parts of that effort looking at targeting through 
GIS and the economics of the new "recommendations"). 

Malawi has had one blanket fertilizer recommendation for maize. Over the last I0 years area
specific fertilizer recommendations have been developed, through a major effort led principally by the 
Maize Commodity Team. The on-farm maize grain yield response to N and P fertilizer was poor, often well 
below 20 kg of maize grain per kg of nutrient applied. This, coupled with the high cost of fertilizer in 
Malawi, meant that the current fertilizer recommendation of 96 kg N per ha was rarely economic. Nutrient 
trials and widespread chemical analyses of soil showed regional deficiencies of Zn, S, B, and K. In deficient 
regions, average yields improved by 40% over the existing N and P application when the deficiencies were 
alleviated. New basal fertilizer blends with these nutrients were developed with fertilizer suppliers. Several 
possible area-specific fertilizer recommendations were verified at well over 2,000 on-farm sites throughout 
Malawi with the extension service and farmers. Through economic analysis, GIS maps, and decision trees, 
area-specific economic fertilizer recommendations have been developed based on soil texture and farmer 
production goals. These have been accepted by extension in 1997 for promotion and their policy implications 
are being discussed with the government. Given 1996 fertilizer and maize prices, most economic fertilizer 
rates in Extension Planning Areas were either 35 kg N per ha or no fertilizer at all. 

7� 
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It is widely acknowledged that few farmers will be able to use recommended fertilizers given 
current prices. Attention is therefore also being focused on methods of increasing inputs of N from 
legumes. Action Groups 1 and 4 of the Maize Productivity Task Force and the Maize Commodity 
Research Team have planned an integrated demonstration of the three Malawian "best bet" technologies 
at many on-farm sites during the 1997/98 season. There will be five plots located on each farm: 

• Maize + pigeonpea intercrop 
• Magoye soybean + maize rotation (two plots: one soybean, one maize) 
• Area-specific fertilizer rate applied to maize 

• Farmer practice (control) 

These technologies need to be evaluated through farmer assessments and economic comparisons. 

Maize yield optimization using fertilizer inputs conditional on rainfall in Zimbabwe 
(Department ofSoil Science and Agricultural Engineering, University ofZimbabwe: Melvyn Piha) 

The erratic and uneven distribution of rainfall makes fertilizer use by smallholder farmers very 
risky. Farmers may be reluctant to use full rates of fertilizer in years with good rainfall because of the risk 
of crop failure, and they may apply more fertilizer than is justified by crop returns in drought years. This 
research has focused on developing practical methods of applying split doses of fertilizers dependent on 
the prevailing rainfall to optimize the economic efficiency of fertilizer use. 

The management of fertilizer amounts and timing, conditional on rainfall for smallholder maize 
in Natural Regions II, III, and IV of Zimbabwe, has been looked at for the last 10 years. The early work 
showed that adding P, K, and S as a basal dressing and adjusting N fertilizer top-dressings to the evolving 
rainfall pattern in anyone season significantly increase the profitability of fertilizer use. Trials over 5 years on 
farmers' fields gave 25 to 42% more yield and 21 to 41 % more profit than existing fertilizer 
recommendations. The project also showed that existing recommendations were too risky for lower rainfall 
areas and needed to be adjusted downwards to become profitable. 

This approach has been verified in recent years with more farmers by comparing current practices 
and the conditional fertilizer package on adjacent fields. Farmers have been supported through an input 
loan scheme as part of the project. In both sub-humid (NR II) and semi-arid (NR IV) areas, over 100% 
extra yield and profit were obtained with the conditional fertilizer in many cases, and the loan repayment 
rate was above 90%. The next step is to build on the success of this package and expand to more farmer 
groups in collaboration with Agritex and the Zimbabwe Farmers Union. A major element of this activity 
involves financial management and marketing. Better measures of spatial and temporal probabilities of 
profit are still required. 

Soybean for communal areas of Zimbabwe 
(Department ofSoil Science and Agricultural Engineering, University ofZimbabwe and Agritex: 
Sheunesu Mpepereki and Ishmael Pompi) 

Some of the more widely used grain legumes in Zimbabwe, such as groundnut, are performing 
poorly on smallholder farms. This has prompted researchers and farmers to look for alternative grain 
legumes. One alternative is naturally-nodulating soybean, such as Magoye, mentioned above. 
Experiments on smallholder farms in Zimbabwe are confirming that naturally-nodulating types are better 
able to nodulate abundantly, maintain substantial grain yields (about 1 t/ha) similar to specific-nodulating 
types, but with larger biomass, thus resulting in greater residual soil fertility benefits. 

Soybean inputs are now the subject of a major promotion drive in smallholder areas of 
Zimbabwe, involving AGRITEX, the University of Zimbabwe, farmers' unions and the private sector. 
Work with 55 farmers in 1996/97 generated tremendous interest among smallholder farmers, with over 

8� 



Promising technologies from SoilFertNet 

1,000 requests for soybean demonstrations from the farmers themselves. For 1997-98, over 400 farmers 
will be targeted within seven communal areas with a subsidized package of soybean inputs, including 
Magoye seed. Farmer appraisal and extension will be the main goals of the promotion, but data on yield, 
soil pH, and rainfall will also be obtained. Questions remain on the distribution of indigenous soya 
rhizobia in communal areas and the ecological limits for soybean production. 

Other Promising Technologies for "Risk" Assessment 

Besides "best bets" technologies, SoilFertNet is also working on other technologies that show great 
promise. However, the soil fertility gains, on-farm benefits, profitability, and farmer acceptance of these 
technologies are less clear. Further research and testing are needed. Many of these technologies involve 
rotations and forms of intercropping with highly variable and longer-term time flows of costs and 
benefits. Below are technologies that may be better evaluated with an assessment of risk issues. 

Sole-crop legume green manures to rehabilitate depleted fields in Zimbabwe and Malawi 
(Lucia Muza ofAgronomy Institute, DR&SS; John DT Kumwenda of the Maize Commodity Team, 
DARTS; and during 1996/97 several other members ofSoilFertNet in Zimbabwe) 

Green manures were widely used in Zimbabwe before cheap chemical fertilizers became 
available, but mostly by commercial farmers on heavier soils. SoilFertNet members have been looking at 
green manures as a partial replacement for inorganic N on nutrient-deficient smallholder sandy sites and 
examining whether they can rehabilitate severely depleted sites. Work by Lucia Muza showed several 
legumes, especially velvetbean, to be effective green manures. Soil acidity was very high, and despite 
applications of lime, the acidity affected the establishment of the legumes at some sites such as in 
Chihota, indicating the importance of long-term pH management. 

In related work, the performance of three green manures--velvetbean, sunnhemp and fish bean-
was evaluated with and without P in a network trial targeted to severely depleted fields in Malawi and 
Zimbabwe in 1996/97. Maize will be grown on the plots in 1997-98. At most sites in Malawi all three 
species grew well and produced large amounts of biomass. In Zimbabwe only velvetbeafldiowetl o"n the 
low yielding « 500 kg per ha maize grain) or abandoned fields, producing above 2 t/ha biomass at nine 
out of 12 sites and above 5 tlha at four sites. 

In general, the addition of P had little effect on green manure biomass. Additional sites will be 
selected for 1997-98 in Zimbabwe and planted with velvetbean and spreading cowpea (and possibly 
pigeonpea), with and without lime. More testing of velvetbean green manures will take place to compare 
results in fields where the pH is managed to "farmer practice." Farmer evaluations of velvetbean have 
been made in Mangwende and have started in Chiduku and elsewhere. 

Green manure legumes relayed or under-sown into maize in Malawi and Zimbabwe 
(Rob Gilbert and John Kumwenda of the Maize Commodity Team, DARTS; George Kanyama-Phiri at 
Bunda College in Malawi; and Lucia Muza ofDR&SS, Zimbabwe) 

This project has been a recent major effort in Malawi, where the use of inorganic fertilizer has 
fallen and land is scarce. Farmers require legume systems that can raise soil fertility and maize yields on 
fields planted to maize every season. Work is under way to study a range of species (including sunnhemp, 
velvetbean, dolichos bean, fish bean, and Sesbania), timing of sowing in relation to maize, and seeding 
rates. Sunnhemp and fish bean are promising, but have stand establishment difficulties. In both Malawi 
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and Zimbabwe, velvetbean produces over 2 tlha of biomass as an intercrop (which is considered the 
minimum needed to improve soil fertility without reducing maize yield), but can compete with maize too 
strongly. In Zimbabwe, Lucia Muza's work showed sunnhemp, dolichos, and cowpeas to be viable 
options for relay planting into maize four weeks after maize establishment. Further study of biomass 
production and effects on maize yield is needed, and comparisons for N added and economic benefit are 
needed with other legume interventions. 

Mapping crop and soil nutrient status for improved fertilizer recommendations using DRIS in the 
communal areas of Zimbabwe 
(Linus Mukurumbira at SPRL, Chemistry and Soil RI, DR&SS) 

In a Diagnosis and Recommendation Integrated System (DRIS), over 800 farmers' fields have 
been sampled to determine their soil fertility status. N, P, and Zn were very limited in over 70% of the 
sampled fields. Soil pH levels were generally very low. Mg was found to exist in low to marginally 
sufficient levels in almost all fields. Mn levels in maize plants were very high in all samples. Soil acidity 
seems to be a big problem. DRIS indices were computed for foliar samples. Plant and soil analysis results 
have been made available for extension workers and farmers to tailor fertilizer inputs to the farms where 
the data were collected. Future work includes using the DRIS indices to produce maps showing limiting 
plant nutrients for maize, building an awareness with farmers and extension of yield gains through better 
nutrient management, and the development of links with input suppliers to help distribute lime. 

Crop sequence and fertility management in maize, sunflower, and groundnut systems on sandy soils 
in Zimbabwe 
(Danisile Hikwa and Monica Murata of the Agronomy Institute, DR&SS) 

Varying rates of Nand P were assessed in separate trials of three-course rotations (groundnut
maize-sunflower and maize-maize-sunflower) on farm fields known to be low in N or P. This work 
shows the importance of P in raising the yields of sunflower and maize planted in sequences during good 
rainfall years in the dry Natural Regions III and IV. Sunflower yield responses to N were negligible. 
Work is under way to test the effect of sequence-i.e., sunflower after groundnut vs. sunflower after 
maize and, vice versa, maize or groundnut after sunflower-and to test the hypothesis that sunflower 
benefits more from well fertilized and managed crops in rotation than from direct N application, even on 
sandy soils. Work is planned to look at manure and fertilizer management with alternative grain legume + 
maize rotations. 

Crop yield and soil fertility trends with current smallholder maize + groundnut cropping patterns 
in Zimbabwe 
(ClMMYT-Zimbabwe: Stephen Waddington) 

The rotation of maize with groundnuts has been the most common legume + cereal crop sequence 
on smallholder farms in sub-humid parts of Zimbabwe. However, both the area planted to groundnuts and 
the yields have declined. We are tracing the yield, soil fertility trends, and profitability of this rotation 
compared to continuous maize to see whether the benefits justify rotation. 

Results so far from the on-farm sites are sobering, and point out the need to look for ways of 
raising the productivity of groundnuts and introducing other alternative grain legumes. Maize grain yields 
can almost double when maize follows groundnuts on sandy soils under station conditions in Zimbabwe, 
even where most of the groundnut haulms are removed, particularly where inorganic fertilizer is not 
applied, and when those soils are reasonably fertile. However, on smallholder fields, groundnut growth 
and yields are extremely low (less than 0.5 t/ha of above-ground haulms), and the effects on subsequent 
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maize are highly variable. The rotation effect is more consistent when no fertilizer is applied to maize. 
Because of the low groundnut yields, little yield improvement for maize following groundnuts, and the 
high labor cost associated with growing groundnuts, the rotation is far less profitable than continuous 
maize, especially when the maize is grown with fertilizer. At some on-farm sites the extra grain yield of 
groundnut required to match the profitability of continuous maize with fertilizer is over I tlha. This will 
be virtually impossible to achieve. 

Soil management options for improved groundnut production in Zimbabwe 
(Africa University: Fanuel Tagwira) 

Africa University is trying to improve the low productivity of groundnut through soil fertility 
interventions. Research has shown that applications of P, Zn, Ca, or Mg can raise yields at many but not 
all sites. Work is underway to find the best way to manage cattle manure in maize + groundnut rotations 
and to gauge whether it is more profitable to apply manure to groundnuts than to maize. 

Additional Research Within SoilFertNet 

Some of the following work is very important to SoilFertNet but is probably of lower priority for 
the risk management project because it is too far from producing practical outputs or an increased 
understanding of soil fertility processes, or else only very short-term inputs are considered. 

•� SoilFertNet and TSBF trials on cattle manure x inorganic-N interactions, and organic-N and 
inorganic-N substitutions. 

•� Beneficiation of phosphate rock by composting cattle manure. 
•� Effect of phosphate rock on bambara groundnut yield and biological N fixation. 
•� Use of leaf biomass from leguminous shrubs in maize + hedgerow intercrops. 
•� Tithonia diversifolia prunings as an organic source of Nand P for maize. 
•� Soil fertility and moisture dynamics in sandy soils under tree-based improved fallows. 
•� Soil fertility x weed management interactions in maize-based systems. 
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Soil Fertility Experimentation and Recommendations 

for Drought-Prone Regions of Zimbabwe and Malawi 

S.S. Snapp I, R. Phir{, and A. Moy03 

Abstract 

Farmers' use offertilizer in Malawi and Zimbabwe tends to fallfar below officially recommended levels. 
This paper discusses fertilizer use and related research in those countries, including extension 

recomendations, studies on yield responses to inorganic fertilizer, alternatives to fertilizer use, modeling 
applications for extrapolating data from trials conducted under stress conditions, and the need that 
recommendations reflect diverse farmer priorities, rather than simply maximizing crop performance. 

Promising soil management technologies suggested for dry areas include 1) small amounts offertilizer 
plus organic inputs (manure or legume residues), 2) response farming, 3) combined use ofconservation 

tillage systems andfertility technologies, and 4) intensified use of long-season legume rotations and 
intercrops. Testing promising technologies should involve an iterative approach, including on-farm 

performance, farmer evaluation, and model simulation. 

Introduction 

Smallholder farmers in dry areas of southern Africa invest minimally in soil fertility technologies. 
One contributing factor may be the variability of returns to fertilizer use in drought-prone climates. This 
variability limits farmers' ability to assess the contribution of fertilizer to productivity, and thus increases 
the economic risks associated with fertilizer use. In contraposition to uncertain fertilizer response and 
limited fertilizer use by smallholder farmers, fertilizer recommendations in the region tend to prescribe 
high input levels for the entire country. The bias of current recommendations is to obtain maximal yields. 
In some cases, recommended application rates are three times the levels required for average crop yields. 
There are exceptions, such as fertilizer recommendations based on profit maximation rather than yield 
maximation. Also, flexible recommendations are under discussion in the region (Snapp and Benson 
1995). In contrast to blanket recommendations, flexible recommendations provide farmers with a range of 
options, which can include alternative fertility inputs and options for variable weather and market 
conditions. 

The limited use of fertilizers by smallholders in the region may be due in part to a lack of 
information about the profitability of fertilizer use under diverse and risky environmental conditions. 
Generally, drier areas require skilled fertilizer management and crop response may be highly variable. In 
the driest areas of Zimbabwe, fertilizer use was almost nil, whereas in slightly wetter areas, fertilizer use 
occured at low levels (Ahmed et al. 1997). It is also possible that smallholders are interested in issues 
such as maximizing returns from minimal labor or cash inputs, rather than maximizing profits per se. 

ICRISAT, Lilongwe, Malawi.� 
Bunda College of Agriculture, University of Malawi.� 
Contill Project, Agritex, Zimbabwe.� 
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Farmers and researchers in the region are experimenting with alternative soil fertility 
management strategies. In this paper we present examples from Malawi and Zimbabwe to illustrate the 
current situation and promising new directions. In Malawi, real prices of fertilizer have increased 
markedly in recent years, and the maize-to-fertilizer price ratio has fallen. Farmers have responded by 
experimenting with alternatives to expensive fertilizers. This is indicated by a recent reconnaissance 
survey conducted in two of the drier regions of Malawi (Kasungu plain and the Southern Lakeshore). The 
survey identified several fertilizer alternatives used by farmers, including goat manure, crop residues, and 
crop rotations (Kanyama-Phiri and Snapp 1998; Rohrbach and Snapp, unpublished data, 1997). Cattle 
manure, termite mound soil, and forest leaf litter are alternative fertility inputs used by some farmers in 
dry regions of Zimbabwe (Ahmed et al. 1997; Chibudu 1995). 

Researchers in Malawi and Zimbabwe have investigated a wide range of alternative soil fertility 
practices, including the use of animal manures and plant residues. Researchers have genera]]y focused on 
alternative practices that require high input levels relative to smallholder farm resources. Conservation 
tillage researchers have studied practices to save water and soil--crucial factors in fertility management. 
Soil fertility management and soil and water conservation were previously studied separately and 
complementary technology options were not emphasized. There is a growing interest now in research that 
aims to maximize the effectiveness of low-input technologies and develop technologies that address all 
aspects of soil and cropping system productivity. 

This paper reviews farmer practices, extension recommendations, and research on soil fertility 
management for dry areas of Zimbabwe and Malawi. In Malawi the review focuses primarily on the 
Southern Lakeshore and Kasungu plain areas. These agro-ecological zones are subhumid to semi-arid, 
with an average rainfall of 600-900 mm and PPET ratio ~ 1 (i.e., precipitation less than or equal to 
potential evapotranspiration). Soils are low to moderately fertile. The review also includes examples from 
Natural Regions IV and V in Zimbawe, which are semi-arid to arid, with PPET < 0.8, and an average 
rainfall of 400-700 mm. Soil fertility is generally very low in Natural Regions IV and V (Anderson et al. 
1993). The most common soils of smallholder farms in these regions are sandy and derived from low
nutrient, granite parent material. 

The review discusses fertilizer amounts and sources used by smallholders in drought-prone 
Malawi and Zimbabwe, in the context of recommended rates. Alternative soil fertility and conservation 
strategies used by smallholders are also discussed. The review includes extension recommendations on 
alternatives, related research results, and promising new directions in technology development to increase 
soil productivity. Information gaps identified include 1) assessments of the risk associated with fertility 
technologies in dry environments, 2) the effectiveness of low levels of organic and inorganic inputs, and 
3) the development of flexible recommendations. 

Inorganic Fertilizers: Use and Recommended Use 

Fertilizer use by smallholder farmers in Malawi averaged approximately 25 kg N per ha during 
1986-91 (Heisey and Mwangi 1996). Fertilizer was primarily applied to maize, along with a limited 
amount to tobacco. Tobacco production by smallholders and application of fertilizer to tobacco have risen 
markedly in recent years. Fertilizers were not applied to other crops (e.g., cotton, sorghum, pearl millet, or 
groundnut). The reconnaissance survey referred to above indicates that, in recent years, farmers from the 
Kasungu plain area used considerably less fertilizer than during 1986-91 (Rohrbach and Snapp 
unpublished, 1997). Fertilizer use by Kasangu farmers surveyed in that period was about 35 kg N per ha, 
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but has now decreased to 0-18 kg N per ha. The survey also indicates that smallholder farmers in the dry 
Southern Lakeshore area use lower amounts of fertilizer, in the range of 0-7 kg N per ha. The 
overwhelming majority of farmers surveyed had at least some experience with fertil izer and valued it. 

A different pattern emerges for Zimbabwean smallholder farmers. Fertilizer use has been 
consistently very low in Natural Regions IV and V for many years (Ahmed et al. 1997). Farmers have 
little or no experience with fertilizers; less than I % of farmers use it on a regular basis (Monyo et al. in 
press). Similar findings from Namibia indicate almost nil use of fertilizer by small-scale farmers in 
drought-prone areas of Southern Africa (Matanyaire 1996). Some farmers in dry, sandy areas of 
Zimbabwe believe fertilizers harm the soil (Ahmed et al. 1997). Fertilizer use appears to be related to 
rainfall consistency and amount. In the driest areas, nearly no farmers use fertilizer, even though it has 
been distributed free of charge to some through drought relief programs. The few farmers who use 
fertilizer apply it to maize. Fertilizers are not used on crops such as sorghum, pearl millet, or groundnut 
(Ahmed et al. 1997). These findings are supported by other surveys and participatory on-farm research in 
the semi-arid regions of Zimbabwe (Chibudu 1995; Chiduza et al. 1995a; Hagmann and Murwira 1996). 

Recommendations for fertilizer use on cereals in Malawi and Zimbabwe are in the range of 40-90 
kg N per ha--approximately ten-fold the amount of current fertilizer use by smallholders. Fertilizer 
recommendations are being revised in both countries. In Malawi, the nationwide recommendation for 
hybrid maize is 92 kg nitrogen (N) and 40 kg phosphate per ha (Table I). Recommended N levels are 
lower for local maize varieties and for sorghum and pearl millet (Table 1). The recommended phosphate 
level is 40 kg per ha for almost all cereals; a presumably unprofitable level, given the highly variable and 
limited response of cereal crops to phosphate fertilizers in Malawi (Saka 1987; Snapp et aI., in press). 
Profitability and soil texture are considered in new, area-specific fertilizer recommendations for maize 
under review in Malawi (Benson 1997). 

In Zimbabwe, sorghum and pearl millet fertilizer recommendations vary, depending on soil 
nutrient status. For example, the recommended N application for sorghum varies from 0 to 80 kg per ha. 
The highest levels are recommended for the poorest soils to improve the soil nutrient status (Table I). 
This approach does not take into account crop response. The most effective way to use small amounts of 
fertilizers, with respect to crop response, is to apply them to moderately fertile soils rather than to low
fertility soil. A reconnaissance survey indicated that field extension workers in Zimbabwe are aware that 
farmers use little or no fertilizers in very dry areas (Ahmed et al. 1997). The survey indicated that some 
extension workers now recommend lower amounts or suggest that fertilizer be replaced with cattle 
manure, in line with farmer practice. This kind of modification of official recomendations appears to 
occur on an ad hoc basis (Ahmed et al. 1997). 

There is a growing awareness among research and extension staff that high fertilizer rates for 
cereal production in semi-arid Zimbabwe are unprofitable (Mazhangara 1996). A range of plant 
population and fertility input levels are included in recently initiated trials to evaluate extension fertilizer 
recommendations in Zimbabwe(L. Gono unpublished data, 1997). Climatic factors are also considered in 
efforts to modify fertilizer recommendations (F. Mugabe personal communication, 1997). 
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Inorganic Fertilizers: Research Results 

Maize response to fertilizer in Malawi is consistently in the range of 15-30 kg grain per kg N 
applied (Heisey and Mwangi 1996; Kumwenda et al. 1997). Sorghum and pearl millet also respond to N 
fertilizer application, although generally at a lower level of about 12 kg grain per kg N applied. The 
fertilizer response of cereals tends to be more variable in the Southern Lakeshore area, especially on very 
sandy soils. The one area in Malawi where fertilizer response rarely occurs is the Lower Shire Valley, 
probably due to the high natural fertility and periodic renewal by flooding (Saka 1987). 

A review by Hikwa et al. (1989) indicated a highly variable maize response to fertilizer in Natural 
Regions III, IV, and V in Zimbabwe, in contrast to the consistent maize response observed in Malawi. 
However, research in Zimbabwe has focused primarily on high Nand P input levels. In some cases a 
positive maize yield response has been observed to N rates as high as 140 kg N per ha. Yet negative 
responses have been observed in other years, generally when rainfall is low or unevenly distributed 
(DRSS, Zimbabwe Ministry of Agriculture 1987, 1990). On-farm trials indicate that maize yields are 
generally increased by the application of 30 kg of N fertilizer, whereas response to higher levels is 
difficult to predict (Hikwa et al. 1989). Shuma (1984) showed grain increases of 1-16 kg per kg N in on
farm trials testing the use of 50 kg N per ha in semi-arid regions of Zimbabwe. 

For sorghum without fertilizer, yields of 1.0-1.5 tlha are generally obtained in Natural Regions IV 
and V. Pearl millet is usually within the 0.5-1.0 tlha range. Overall, the yield response to fertilizer in 
Zimbabwe is slightly lower than for Malawi: a 2-12 kg increase in grain per kg N applied (Chiduza et al. 
1995b). Responses to additional fertilizer application beyond 50 kg N per ha are generally not observed. 
Note that there are instances of high yield response to low input rates, in the range of 25-30 kg grain per 
kg N added, yet there are also cases of no observable response to fertilizer application. 

The enhanced water-holding capacity of heavier soils suggests that fertilizer application in sandy 
clay loam (SCL) or clay lo'!m (CL) soils would be more effective than in a sandy loam (SL). Yet, soil 
texture was not observed to have any effect on crop response. Sorghum yield response in heavier SCL 
and CL soils was generally not higher than in light SL soils. However, these trials were conducted at 
relatively few sites, so the range of soils tested may have been insufficient to evaluate the effect of soil 
texture on fertilizer application. It is also difficult to ascertain the effects of climate, because precipitation 
patterns at the trial sites were not well documented. 

Research to develop flexible recommendations for applying fertilizer on maize is being conducted 
through on-farm trials in Natural Regions II, III, and IV of Zimbabwe (Piha 1993, 1996). The major 
factors compared are conventional application of broadcast, optimum fertilization, and nitrogen response 
farming (multiple split applications, with amounts determined by seasonal rainfall). Initial results indicate 
that response farming is a profitable approach - usually more profitable than conventional basal 
application, side dressing, or not using fertilizers. However, the results vary substantially because of 
climate extremes. Some on-farm sites are flooded one year and drought-stricken the next (Piha 1996). 

Researchers in southern Africa are aware of the considerable challenges to investigating fertilizer 
response in an uncertain climate. Informal research reports reveal frustration, with remarks such as, "The 
results were masked by drought," or "Yields were reduced by drought; future work will continue with 
simiJar trials on different sites where (precipitation is) not limiting." Simulation modeling is one emerging 
tool to address this problem (Thornton et al. 1995; van Duivenbooden et al. 1996). Modeling can be used 
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to predict crop response to fertilizer technologies for a range of weather environments and soil 
conditions. Modeling can also help assess environmental and sustainability questions. This approach 
could be an invaluable way to evaluate technology options in terms of risk and benefits for a range of 
agro-ecological zones, farmer priorities, and market conditions. 

Alternatives to Fertilizers: Use and Recommended Use 

Smallholder farmers in Malawi use a range of alternative soil management strategies. These 
include crop residue incorporation in southern Malawi, soil conserving practices in steep areas (ridges, 
bunds, and stone lines built along the countour), use of Faidherbia albida trees to protect crop fields, use 
of animal manures, and fallow rotation (Kanyama-Phiri and Snapp 1998; Rohrbach and Snapp 
unpublished data, 1997). Recent increases in fertilizer prices have led to experimentation by farmers 
surveyed in Kasungu and the Southern Lakeshore. The reduced livestock holdings of recent years means 
that less manure is available, and small farms do not have enough land for crop rotation. Yet, some 
farmers are trying to use small amounts of goat manure and, in a few cases, to rotate maize with a legume, 
such as mucuna (Mucuna pruriens). 

Smallholder farmers in Natural Regions IV and V of Zimbabwe use manure much more than 
farmers in Malawi. Cattle ownership is relatively common in Zimbabwe, compared to less than I % in 
Malawi. However, in some areas of Zimbabwe manure is becoming scarce, and application practices are 
being modified from broadcasting to banding, a more targeted use. Farmers in Zimbabwe also amend 
fields with soil from termite mounds and litter from forest vegetation (Chibudu 1995; Hagmann and 
Murwira 1996). Farmers note that these resources are also becoming scarce (Ahmed et al. 1997). Other 
changes in crop management by smallholders include reduced incorporation of crop residues. Instead, 
residues are collected and stored for livestock feed. This has become a common practice in semi-arid 
Zimbabwe, after recent incidences of severe drought. 

Surveys have shown that soil amendments are specifically targeted to maize in Malawi and 
Zimbabwe (Ahmed et a1.1997; Chibudu 1995; Kanyama-Phiri and Snapp 1998). Maize is often planted in 
the better environments on the farm site, such as former kraal sites with residual fertility. Maize is 
perceived by farmers as a highly responsive crop. It is also the main focus of smallholder production 
systems, for subsistence and as a cash crop. Maize is favored over other cereals by consumption patterns 
and by market policies. The major portion of cropped land is used for maize production, combined with 
substantial production of pearl millet and sorghum in the driest areas of Zimbabwe. Less than 20% of the 
cropped area is usually devoted to grain legumes such as groundnut and cowpea (Chibudu 1995; 
Hagmann and Murwira 1996). Crop rotations often consist of maize, followed by pearl millet, sorghum, 
or maize again. Farmers are generally aware of residual manure benefits; e.g., to a crop grown after 
manured maize (Ahmed et at. 1997). However, farmers are less aware of the potential contribution of 
grain legumes to soil fertility through nitrogen fixation and residual fertility benefits for subsequent crops. 

Alternatives to Fertilizers: Research Results from Malawi 

Researchers have investigated a range of fertilizer alternatives in Malawi. Agro-forestry systems 
of hedgerow intercropping with perennial species and maize were successful under research station 
conditions and promoted widely over the last decade, but the system proved too labor intensive and 
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competitive with food crops to use on-farm (Snapp et al. 1998). The one tree species that does not 
compete with maize is Faidherbia albida. This indigenous soil fertility system is used to a limited extent 
by smallholder farmers in West Africa, and occasionally in Malawi along the lakeshore and in the north 
(Kumwenda et al. 1997). The tree is slow growing and requires a decade before substantial benefits are 
observed to maize grown under its canopy. 

A promising system with rapid benefits is intercropping green manure annual legume crops with 
maize and incorporating the residues. This system has the potential to enhance maize yields by about 30% 
over a sole crop maize (Kumwenda et a1. 1996). Performance of a relay intercrop green manure system is 
greatly influenced by the species used, the soils and agro-ecosystem, and by farm management. This has 
been shown over several years both on-farm and at research sites in northern Malawi. Pigeonpea (Cajanus 
cajan) and mucuna are the most promising of the green manure species tested (Kumwenda et al. 1996). 
Similar findings by R. Gilbert (personal communication, 1997) indicate that Tephrosia vogelii and 
mucuna can be used as an intercrop green manure species with maize, and have consistently produced 
about 2,000 kg of biomass (about 50 kg N) at seven sites located throughout Malawi. Among the green 
manure species intercropped, Tephrosia and pigeonpea are the least competitive with maize because they 
grow at extremely slow rates before maize is harvested. After the maize harvest, Tephrosia and pigeonpea 
grow exponentially and produce high quality leaf residues and a large, extensive root system. Mucuna 
growth is highly vigorous from the beginning of the growing season and can overwhelm a maize crop, 
indicating that it is best grown in a green manure rotation system rather than as an intercrop. 

Farmer-participatory research on soil fertility in Benin indicates that grain legumes are preferred 
over legumes grown solely for soil fertility purposes (Versteeg and Koudokpon 1993). This is supported 
by early findings from farmer-participatory research in Malawi (Snapp unpublished data, 1997). On-farm 
trials in Kasungu and the Southern Lakeshore suggest that pigeonpea can be intercropped with groundnut 
for a legume/legume crop system which, in rotation with maize, could contribute substantially to soil 
productivity and human nutrition. Groundnut grown as a sole crop under on-farm conditions cannot 
produce sufficient residue biomass to contribute nitrogen to subsequent crops. Intercropped pigeonpea 
can be grown as a "bonus" crop, without reducing groundnut yields compared to sole-cropped groundnut, 
and substantially increasing the production of high quality residues and increasing ground cover for a 
longer period of time. Long-duration pigeonpea thus has considerable potential for use in soil 
conservation and enhancement. Farmer group evaluation indicated that 70% of farmers preferred a 
pigeonpea/groundnut intercrop system to sole crops or to maize/pigeonpea intercrop systems (Snapp 
unpublished data, 1997). 

Farmers in southern Malawi are experimenting with low rates of nutrient inputs from goat manure 
and fertilizers. Recently initiated farmer-participatory trials allow farmers and researchers to investigate 
maize response to the use of fertilizer and manure, individually and in combination. The trials involve 
rates of N as low as 17 kg N per ha. The effect of low N rates and combined use of inorganic and organic 
nutrient sources remain mostly unknown. Historically, research in Malawi has focused on higher-input 
technologies. Research on crop response to farmyard manure in semi-arid India demonstrated the 
difficulty in assessing response to low inputs of fertilizer and manure (Motavalli and Anders 1991). 
Manure quality varied markedly, and crop response varied from negative to moderately positive. 
Simulation modeling, as discussed earlier, may provide a way to assess risks and benefits of manure
based technologies under variable conditions. In addition, linking models with farmer-participatory 
research will enable researchers to assess farmer-perceived benefits. 
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Alternatives to Fertilizers: Research Results from Zimbabwe 

In Zimbabwe, grain legume rotations with cereals have been advocated to increase soil fertility. 
Maize yields increase by up to 50% over sole-cropped maize, when grown in rotation with groundnut 
(Snapp et al. 1998). However, on-farm yields of cowpea and groundnut vary tremendously from 0.1 t/ha 
to 1.6 t/ha (DRSS, Zimbabwe Ministry of Agriculture 1987, 1990). Low-yielding grain legumes do not 
produce sufficient residues to contribute to soil fertility. It remains a challenge to use grain legume 
rotations to enhance nitrogen fixation and, at the same time, provide an additional source of food. 

Green manure rotations have been investigated for many decades in Zimbabwe. Most of this 
research was conducted in higher-rainfall areas and in more productive soils (Blackshaw 1921; 
Mafongoya and Nair 1997; Muza 1996). The few studies conducted in drought-prone areas indicated that 
green manure species suffered severe establishment problems (Muza 1996). Mucuna and sunnhemp are 
consistently the best performing green manure species in terms of high-quality biomass produced and 
benefits observed for subsequent crops. Pigeonpea grown as a improved fallow rotation in Zimbabwe has 
shown the potential to produce substantial biomass for incorporation, and to double yields in subsequent 
maize crops (Mafongoya and Nair 1997; Snapp et al. 1998). Grass species and pasture rotations have also 
been investigated, but these are not practical for smallholder farmers, as only legume species provide 
immediate soil fertility benefits. The challenge is to ensure establishment and growth of legumes on 
degraded, low-fertility soils with a variable climate (Muza 1996). Pigeonpea, either sole- or intercropped, 
shows promise as a vigorous legume that can germinate in a stressed environment and has low labor 
requirements (Natarajan and Mafongoya 1992). 

Intercrop green manure systems have been investigated in Zimbabwe but, in contrast to Malawi, 
establishment of legumes is often low or nil (L. Muza, unpublished data). This may be due to the 
combination of very low fertility, sandy soils, and the drought-prone climate of Natural Regions IV and 
V. Competition for water and nutrients is extreme in this harsh environment. Only very low planting 
densities of intercrop species are likely to survive without reducing yields of the primary cereal crop to 
unacceptable levels. A low population density of a green manure species will not produce sufficient 
biomass to contribute to soil fertility. 

Developing alternative technologies for a harsh environment requires a comprehensive approach, 
which includes soil and water conservation. Establishment of legumes and the effectiveness of low levels 
of nutrients from manure or fertilizer can be enhanced through conservation tillage. However, it is not 
easy to develop conservation tillage systems that meet the requirements of smallholder farmers for food 
production and also enhance water storage and reduce soil erosion. As shown in Table 2, soil loss and 
water run-off can be reduced markedly by conservation tillage systems (mulch ripping and tied ridging). 
This trial was conducted over 8 years at the Makoholi research station. However, tied ridging reduced 
yields by 20%, compared with conventional tillage. Mulch ripping was much more encouraging, 
producing yields similar to those under conventional tillage. In contrast to the research station findings, 
on-farm trials indicated that yields were about 30% higher for the tied ridging system than for any other 
system (A. Moyo unpublished data, 1997). The on-farm sites were generally situated on sandy loams, 
somewhat heavier soils than the very sandy soil of the Makoholi research station. Soil type and farmer 
management largely determine the success of conservation tillage systems. 
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A recent review shows-that manure research in Zimbabwe has generally focused on high rates of 
input; i.e., 10 to 30 t/ha (Mugwira and Murwira 1997). As in Malawi, there has been almost no 
investigation of the effect of low manure rates (2-7 t/ha), and combined use of inorganic fertilizer and 
manure. Research triil1s were recently initiated in Zimbabwe to address this gap (H. Murwira, F. Mugabe, 
and L. Gono, personal communication, 1997). Mugwira and Murwira (1997) also point out that manure 
produced under smallholder farm conditions is of very low quality, and that development of technologies 
to improve manure quality should be a research priority. Mugwira and Murwira (1997) emphasize that 
benefits from manure are not often observable in the year of application, although residual benefits from 
ma'!ure application can be considerable. These findings are supported by on-farm research on manure 
response iIi southern India (Motavalli and Anders 1991). Short-term trials cannot measure the residual 
benefits of manure-based technologies; long-term trials are needed. However, given the costs of running 
long-term trials and the confounding effects of highly variable climate conditions, the argument can be 
made that manure trials should be complemented with simulation modeling (Motavalli and Anders 1991). 
To use simulation modeling will require considerable effort to first validate and calibrate models that 
predict cropping system responses to manure inputs. Manure quality effects in particular are a challenge 
to systems modeling. 

Conclusions 

There are many formidable challenges to developing soil fertility technologies for semi-arid 
southern Africa. Most important are farmers' preference for cereals over legume crops and for minimal 
investments of cash and labor. Yet, improving the productivity of low-input systems requires legume 
intensification and improved management of farm resources. Recent surveys suggest some farmers are 
interested in growing more grain legumes. Farmers are also experimenting with low levels of fertilizer 
and manure. These appear to be key entry points for developing soil fertility options that meet farmer 
requirements in dry areas. 

Farmer priorities have often not been fully appreciated by researchers. Too often prescriptive soil 
fertility recommendations do not include a range of options for farmers to chose from and develop further 
to fit their needs. This review found that research in Malawi and Zimbabwe has often stressed high inputs 
and optimum biological performance of cropping systems. An alternative is to investigate options for 
efficient use of minimal resources and technologies that minimize risk. A promising new direction is 
farmer-participatory research, incorporating structured farmer evaluation of technologies from an early 
stage. 

Results from on-farm and on-station research in semi-arid environments of southern Africa are 
often difficult to interpret; the variable and harsh conditions there can undermine experimental efficiency. 
Using models is a novel way to address this challenge. Simulation models of cropping systems are being 
explored in Malawi and Zimbabwe. Models facilitate extrapolation from trial results for different climate 
scenarios. Cropping system productivity and soil water and nitrogen dynamics can be predicted to a 
degree, allowing technologies to be compared over time. Estimates can be derived for impacts on 
resource efficiency and profitability, along with associated risks. The next promising step is to link farmer 
participation and modeling. Model-derived assessment of technology performance could facilitate farmer 
experimentation. Linking modeling and farmer evaluation of technologies could also improve 
researchers' understanding of farmer strategies. 
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This review suggests several promising soil management technologies for dry areas: 1) combined 
use of small amounts of fertilizer plus organic inputs from manure or legume residues; 2) response 
farming, involving multiple applications of fertilizer, with doses modified according to the weather; 3) 
combined use of conservation tillage systems and fertility technologies; and 4) intensified use of long
season legumes such as pigeonpea, through rotations and intercrops. 

We suggest that testing promising technologies involves an iterative approach, including on-farm 
performance, farmer evaluation, and model simulation. In contrast to past research, the goal is not to 
obtain the best biological performance. Instead, the goal of dryland soil fertility research should be to 
develop a range of options that meet diverse farmer requirements, including food security, reducing risk 
in a harsh environment, and maximizing returns from minimal investments. 
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Table 1. Extension recommendations on fertilizer use in Malawi and Zimbabwe, 1997 

Malawi, hybrid varieties Nitrogen (kglha) Phosphate (kglha) 
Sorghum 40 40 
Pearl millet 40 40 
Maize 92 40 

Malawi, local varieties 
Sorghum o o 
Pearl millet 40 40 
Maize 46 20 

Zimbabwe, poor fertility soil 
Sorghum 50 - 80 50 -70 
Pearl millet 45 - 67 56 - 78 
Sources: 1992 Malawi guide to agricultural production, Ministry of Agriculture, 
Malawi and 1982 AGRITEX Farm management handbook, Part I. Farm management 
section, AGRITEX, Harare, Zimbabwe. 
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Table 2. Water and soil conservation characteristics and yield averaged over 8 years. Data 
from a trial comparing conservation and conventional tillage systems conducted at the 
Makoholi Research Station, Natural Region IV, semi-arid Zimbabwe. 

Conventional Hand Clean Mulch Tied 
tillage hoeing ripping ridging ridging 

Run-off,% of 
annual rainfall 13.7 15.1 10.8 5.3 4.1 
Soil loss, 
average tJha/yr 15.2 7.8 5.7 1.4 1.2 
Yield, 
average tJha/yr 3.1 2.3 2.8 3.2 2.5 
Source: A. Moyo, CONTILL project, AGRlTEX, unpublished data, 1997. 
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Using Participatory Methods to Develop Manure Options:� 

A Case Study in Mangwende Communal Area, Zimbabwe� 

J.K. Nzuma', S. Mpeperek/ and H.K. Murwira2 

Abstract 

This paper describes a Participatory Rapid Appraisal (PRA) conducted in the Mangwende 
communal area ofZimbabwe to determine management options for improving the quality and 
effectiveness ofmanure. The overall objective was to help develop soil fertility management 
technologies that can be easily be adopted by communalfarmers and are compatible with 

available resources and current production systems. The PRA was conducted in the belief that the 
search for management options requires farmer input and the integration of indigenous 

knowledge into more formal approaches to technology development. Informal andformal 
diagnostic surveys, group discussions, and a farmer workshop were held to understandfarmers' 

practices relating to manure storage and handling, to identify limitations in the system, to 
develop a research agenda (e.g., choice of treatments for on-farm experimentation), and to 

prioritize intervent!ons. Farmers were closely involved in problem identification, implementation, 
monitoring, and evaluation, and were thus able to understand and appreciate the potential value 

of the innovations being developed. 

Background 

It is well documented that soil fertility is a major constraint to crop production, especially 
in the depleted sandy soils characteristic of Zimbabwe's communal areas. Given recent increases 
in fertilizer costs, it is imperative to promote greater use of locally available organic inputs that 
smallholder farmers can afford. Cattle manure is one such low-cost management option that 
farmers use to improve the productivity and sustainability of maize systems. But the availability 
of cattle manure is limited, and much of this manure is of poor quality and not effective (Mugwira 
and Mukurumbira 1984; Mugwira and Murwira 1997). This poor quality is reflected in communal 
area (CA) manure's high soil content (50-90%) and low total N (0.5-1.2%). One ton of CA 

manure has been reported to be equivalent to 3 kg per ha of fertilizer N. When compared with 
feedlot manure, the chemical composition of CA manure tended to be much lower and varied 
across households. The low nutrient status of CA manure has been attributed to the quality of 
feed, storage, and handling conditions in the kraal, as well as ambient temperature, moisture 
levels, and the length of exposure to the environment (Mugwira and Murwira 1997). Further, 
Murwira (1995) reported that the potential for nutrient losses (particularly N through NHI 
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Post Doctoral Fellow, Tropical Soils Biology and Fertility Network (TSBF), c/o African Centre for Fertiliser� 
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volatilization) in CA manure is high, due to poor storage and handling. Given this scenario, there 
was a great need to develop strategies to improve manure quality by minimizing nutrient losses. 
Farmer-participatory methods were used to evaluate limitations in the current manure 
management systems, discuss the possibilities for improvement, and design and test appropriate 
interventions. 

Significance of PRA 
The project is based on a participatory approach to trial formulation, implementation, 

monitoring, and evaluation. Correspondingly, a PRA was conducted in Mangwende communal 
area in Zimbabwe on farmers' circumstances and manure management strategies. The following 
ideas were central to this approach. First, the search for management options requires community 
input and the integration of indigenous technology into scientific research and technology 
development. Farmers' traditional practices must therefore be explored, refined, and exploited. 
Second, the use of PRA methods allows researchers to identify the key issues limiting the 
effectiveness of manure to maize production; more appropriate strategies can then be developed 
and effectively implemented on-farm with full participation of farmers. This process also 
stimulates adoption and improves linkages between research, extension staff, and farmers. 
Although we do not claim that the project is or ever was farmer-driven, we have ensured farmer 
participation at every stage, from problem identification to the development of solutions 
according to their needs, monitoring, and evaluation. The objectives of the PRA were to: 

•� Determine farmer practices in the storage and handling of manure. 
•� Identify farmer perceptions concerning causes of and solutions to nutrient loss from cattle 

manure. 
•� Identify points of weakness in the system. 
•� Formulate a research agenda based on tHe data collected. 

Ten villages from the Mangwende communal area were involved in the PRA. In each 
village, a target group of farmers was selected for participatory experimentation. Selection criteria 
were based on a farmer's availability, his access to cattle manure, and its use in maize systems. 
The PRA was conducted in three stages: household interviews and group discussions, a farmer's 
workshop to agree upon a research agenda, and finally participatory on-farm experimentation and 
evaluation of results. 

Stage I: Household Diagnostic Interviews 

First, information was collected on farmers' practices in the storage and handling of cattle 
manure. Diagnostic surveys included both formal and informal household interviews conducted 
with 100 farmers selected randomly from the 10 villages and using a structured questionnaire. 
Kraals were visited to enable researchers to observe the management practices in operation. Crop 
residue management practices were discussed to determine the extent of farmers' awareness about 
the use of residues as a tool in urine entrapment. Manure samples were collected from each 
household for analysis. 
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It was found that only a few farmers added residues to the kraal, and the timing for this 
practice varied. Residue use occurred most often during the rainy season, and residues were either 
composted, plowed under as a soil fertility amendment, or simply burnt. Thus the limited 
amounts of residues that entered the kraal per season led to limited manure production, even in 
households with many cattle. Fanners identified eight distinct cultural practices for storing and 
handling manure; two--deep stalls and heaping-related to winter storage practices, and several 
ameliorative practices addressed run-off losses during the summer. 

Selection ofkraal site-This was perceived to have a bearing in either promoting or 
minimizing losses. 

Addition ofresidues to the kraal-This was followed by 99% of farmers, although there 
were variations in the timing of addition of residues. Sixty percent of fanners added residues in 
both winter and summer, and 40% added residues only in winter. The residues were from field 
crops, horticultural crops, weeds, and leaf litter of various tree species. 

Heaping-This was perceived as a means to ensure total decomposition of the kraal 
ingredients. It was practiced by 86% of farmers. The heaping period varied, and took place 
anywhere from February to November. However, most farmers heaped manure between August 
and September. There was also variation in the duration of heaping, according to the purpose for 
which h~aping was used. In most cases manure was taken to the field once mature. 

Deep stall method-In this method, used by 14% of farmers, manure was kept in the 
kraal until the time of application. 

Use ofstones-Stones were placed on elevated parts of the kraal to di vert water away. 
This was practiced by 16% of fanners. 

Trapping ofseepage into pits-This was done with or without residues. Twenty-eight 
percent of the fanners used this method. 

Construction of thick walls around kraals-This was done to trap liquids in the krall, 
and was practiced by 46% of farmers. 

Rotation ofkraals-This was followed mainly by farmers who had two or more kraals. 

Stage II: Group Discussions and Fanner Workshop 

Weaknesses in the traditional fertility management system and resulting constraints on 
the effectiveness of manure as a nutrient source were analyzed from research station data. These 
data fonned the initial basis for developing in:tproved manure management strategies. Group 
discussions and a farmer workshop provided farmers with feedback on the survey findings and 
resulted in a prioritization of the constraints. Farmers then helped design experiments to address 
these problems in ways that use the actual resources they possess. 

Benefits from conventional practices 
During these discussions, farmers explained some of the benefits provided by traditional 

methods. The conventional heaping practice (followed by the majority of farmers) produces 
manure in time for application and does not require much labor. However, conventional heaping 
allows exposure to sunlight and rain, triggering aerobic processes of N volatilization and 
leaching, which degrade the quality of the manure (Murwira 1995; Murwira and Mugwira 1997; 
Kirchman 1985). Also, inefficient use of crop residues in the kraals, particularly at the point of 
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excretion, results in ammonia volatilization from urine (Mugwira 1984). And because manure 
falls directly on the earthen floor, it acquires a lot of sand (Khombe et al. 1992). Trapping 
seepage in pits helps conserve nutrients, but it is necessary to maximize use of residues to absorb 
liquids. 

Opportunities for intervention 
During the discussions and the workshop, farmers and researchers jointly identified 

several areas with potential for improvement: 

1.� Proper management of manure in the kraal by maximizing the use of crop residues to 
absorb nutrients from urine. 

2.� Pit storage of manure combined with use of crop residues both in summer and winter. 
This technology could be tested both on-farm and in the laboratory under controlled 
conditions. Pit storage of manure has been reported to produce high-quality manure by 
maintaining the soluble N fraction (Musa 1975). Experiments were proposed to compare 
pit storage with conventional heaping, using the deep stall practice as a control. 
Economic analyses and manure quality analyses of these treatments were also 
recommended. 

3.� Treating the manure by manipulating anaerobic processes would result in better quality 
manure. Improvements in crop growth and subsequent yields have been reported from the 
application of anaerobically decomposed manure (Murwira 1993). 

These issues were highlighted and discussed, ensuring that farmers understood the 
limiting factors and the various options for intervention. Farmers were then asked to participate in 
a research program to solve some of these problems. On-farm tests were planned and 
implemented jointly by extension staff, researchers, and farmers. 

Selection of farmers to participate in on-farm trials 
On-farm experiments on possible options for improving quality and effectiveness of 

manure were conducted on the kraals of 26 fanners. The criteria for selecting the farmers were: 

• How representative the farmer was in terms of resource endowment. 

• Willingness of the farmer to host and manage the trial. 

• Accessibility in terms of communication/roads. 

Stage III: Farmer Evaluation of Treatments 

When all treatments were set, researchers and extension staff held group meetings with 
farmers to obtain their perceptions of the manure storage systems under evaluation. The aim was 
to understand more clearly the criteria used by farmers to differentiate variations in treatments. 
Each treatment was distinguished in terms of its efficacy in supplying nutrients, nutrient-use 
efficiency, nutrient release patterns, residual effects, labor economics, and general characteristics. 
Discussions on farmer perceptions of three experimental treatments are summarized below. 

28� 



Using participatory methods to develop manure options, Zimbabwe 

The heaped manure method 
Most farmers were accustomed to this practice. They reported that although the 

preparation of heaps was cost effective, it produced manure of poor quality. Farmers also reported 
immobilization of the manure (even at high application rates) during the critical stages of crop 
establishment. As a result, they had to resort to basal fertilizers during establishment to meet crop 
demand. 

Because the heap was exposed, wind and heat radiation rapidly depleted moisture and 
nutrients before the manure was even applied. Farmers believed there was little or no nutrient 
conservation when manure was stored in heaps. A cross section of the heap would reveal a 
concentration of moisture in the center. The little moisture there quickly evaporates soon after 
application. Because the manure becomes dry, hard, and brittle, it benefited the crop only in the 
short-term (it only worked for one season), and provided little or no residual effects. Farmers 
argued that manure from the heap worked satisfactorily in a low-rainfall season. In a very wet 
season the few nutrients available were leached, rendering the manure ineffective. It was also 
noted that a crop fertilized with this manure was not able to resist dry spells, because of low 
moisture retention. 

Some positive effects of the heaping system were noted. First, the high heat generation 
during decomposition destroyed weed-seeds and bacterial and viral pathogens. Also, positive 
results were reported after applying heaped manure to vegetable crops. Farmers attributed the 
success of heaped manure on vegetable crops to an overall lower demand for nutrients than from 
crops like maize and the shorter growing period of most vegetable crops. Prolonged storage of 
manure under the heap was perceived to have a negative impact on manure quality. Farmers 
argued that both physical and chemical characteristics would deteriorate. This also depended on 
the nature of handling. Where residues were not used during storage and handling, the manure 
deteriorated to a mass of sand. Farmers believed that the ideal storage time for heaped manure 
was 4 to 5 months. Another criterion farmers used to differentiate manure under this treatment 
was the black color, which could be easily picked up after dissolving manure in water. 

The pit-burial method 
Although pit storage of manure was a relatively new method, most farmers felt that it 

produced manure of excellent quality. Conditions in the pit were believed to favor nutrient and 
moisture conservation. This method was reported to minimize drying, volatilization, and 
leaching-problems in other treatments. Farmers reported that because the pit did not permit 
gases to escape, nutrients were highly concentrated and readily available to the crop, eliminating 
the need for starter fertilizers. Because of high moisture retention, pit-burial manure improved 
crop growth (particularly in maize) right from the early stages of establishment. Further, farmers 
pointed out that maize stalks from fields treated with manure from pits were much stronger and 
more resistant to dry spells than stalks and fields treated with heaped manure. 

However, pit-burial manure requires constant watering and can scorch or bum crops 
where there is a poor water supply. For garden crops, farmers reported that it worked well when 
applied as a mulch, rather than the usual practice of spreading and mixing it with the soil. Unlike 
heaped manure, which is rendered ineffective by heavy rain, manure from pits was reported to 
give positive results under heavy rainfall. The residual effect of pit-stored manure was perceived 
to be higher than that for manure from any other system, supplying nutrients for three successive 
crops. 
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Where pit storage was combined with crop residues in both summer and winter storage, 
farmers believed that nutrients were completely preserved. Because some residues (e.g., 
groundnut haulms and maize straw) are often rich in nutrients, their use during storage and 
handling result in manure of high quality, and nutrients from urine (muto) are absorbed by the 
straw and conserved. This manure also had little or no sand content. However, it was felt that if a 
large amount of residues were supplied to the system, immobilization of the manure would likely 
take place during the first few weeks of crop establishment. The slow release of nutrients was 
also reported to depend on the nutrient status of residues incorporated. Prolonged storage of pit 
.:'tored manure was perceived to enhance and maintain the quality of manure. 

Farmers felt that pit storage was labor demanding, but were prepared to adopt the 
technology once convinced that the product is of high quality, improves crop growth, and 
increases yields. One disadvantage of pit storage was associated with the low heat generation 
during decomposition, which farmers believed would not be sufficient to destroy weed seeds, 
pests, and bacteria, particularly for systems set in April, and would result in a relatively high 
incidence of problems from these organisms. 

The deep stall method 
The deep stall method was likened to the pit burial method, but since the kraals were 

exposed to wind and heat radiation, there was continuous depletion of moisture and nutrients due 
to evaporation. The nutrient and moisture conservation from this treatment was report~ to be 
much lower than in manure from the pit system, but higher than manure from the heap system. 

Nutrient conservation was higher when residues were used in the kraal, but farmers 
doubted whether these were conserved because the kraals were exposed. Where residues were not 
added to the kraal, the dung acquired a lot of sand from falling directly to the floor. The urine 
evaporated because there was no medium to trap it. 

Because of a possibility of high nutrient concentration, particularly where residues are 
used, crops fertilized with deep stall manure need to be constantly watered to avoid crop burning. 
For garden purposes deep stall manure worked best as a mulch. 

This type of manure was believed to have higher residual effects ,than manure from the 
heap, hence no starter fertilizer supplements were needed. However, the nutrient supply of deep 
stall manure was lower than pit-stored manure. Deep stall manure presented problems at the time 
of application because only the innermost layers were decomposed. The outermost layers 
remained raw. Because decomposition was achieved in the field, plants were often scorched 
owing to high mineralization with high nutrient concentrations, and were susceptible to pests and 
diseases. Farmers also argued Jhat this treatment was less labor demanding. 
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Conclusions 

The participatory workshop noted that it was necessary to compare the efficacy of treatments 
under evaluation (pit storage with or without residues, conventional heaping with or without 
residues, and deep stall) to ascertain their effects on maize growth and yield. The workshop also 
highlighted the need to evaluate the efficacy of each treatment in different climatic conditions and 
soil types. It was emphasized that optimal application rates (to maximize yield increases) need to 
be established for each type of manure to develop a recommendation package. It was also felt that 
there is a need to determine how much inorganic N is required to compensate for N deficits in 
low-quality manure. Finally, farmers proposed that there is a need to determine the most 
appropriate method of application for each type of manure. 
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Farmers' Management of Risk: Experiences of the 

Indigenous Soil and Water Conservation Project in Zimbabwe 

E. Chuma' and K. Murwira2 

Abstract 

The Kuturaya method ofsupporting farmer experimentation is geared toward innovation by 
individual farmers and increasing their self confidence and ability to develop, test, and modify 
both external and indigenous technologies. Implementation consists ofa preparatory phase, 

followed by an implementation phase comprising three closely interlinked components-process 
initiation, seasonal cycles, and support. Pilot activities have demonstrated that it is possible to 

increase the number, variety, and quality offarmers' innovations and accelerate significantly the 
spread ofsustainable management systems. To achieve the sustainable management of common 

property resources, Kuturaya will need to be integrated into a wider concept for community
resource or watershed management. 

Introduction 

The Indigenous Soil and Water Conservation Project (ISWC) is coordinated by the 
Intermediate Technology Development Group (ITDG) and the Institute of Environmental Studies. 
The project builds on the experiences of ITDG's Food Security Project and the GTZ/AGRITEX 
Conservation Tillage Project (CONTILL) in Masvingo. The objectives of the ISWC project are 
to: 

•� Support the development of soil and water management practices through joint 
experimentation involving fanners, researchers, extensionists, and NGOs. 

•� Initiate and support documentation and evaluation of indigenous soil and water conservation 
methods. 

•� Demonstrate to policy makers the benefits of using indigenous knowledge and skills as the 
basis for soil and water conservation strategies. 

•� Intensify research on indigenous soil and water conservation methods. 

The entry point of the project is the identification and support of farmer innovators. 
These are fanners who have developed solutions to problems encountered in their environment. 
This paper describes some strategies that are used by these fanners to manage risk. The 
discussion reviews the experiences of the CONTILL and the ITDG food security project in 
working with these farmers to improve their risk management strategies. 

Institute of Environmental Studies/Dept. of Soil Science, PO Box MP 167, Mount Pleasant, Harare.� 
Intermediate Technology Development Group PO Box) 744, Harare.� 
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Fanners' strategies for managing risk 
Drought is a constant and major risk in the semi-arid tropics. Severe droughts are 

estimated to occur once every four years. In response, farmers use risk management strategies 
that can be grouped under two broad catergories: multiple sources of income generation/survival 
support, and experimentation. 

Multiple sources ofsurvival support-Two surveys in Gutu, Chivi, and Zaka showed 
that all farmers in these areas were involved in some form of off-farm income generation 
activities (Chuma 1993, Hagmann 1994). Table 1 shows some of the results. Beer brewing is the 
most common source of off-farm income. But many risk management strategies used in the past 
are no longer possible now because of environmental degradation. For example, women used to 
collect wild fruits and roots while_men_hunted wild animals. As a result, farm experimentation 
has become an increasingly important risk management strategy. 

Farmer experimentation-Farmers may experiment with different management options 
and select techniques that are appropriate to their situations. They may experiment with 
fertilizers, varieties, implements, planting techniques, and many related cropping technologies 
(Stolzenbach 1997). The reasons for experimentation are varied. They include: curiosity, the 
pursuit of solutions for pressing problems, the adaptation of technologies to local conditions, and 
the assessment of whether technologies meet the experimenter's specific interests and preferences 
(Rhoades and Bebbington 1991). Farmers also conduct experiments when they want to test a 
known technology in an unknown environment, such as after resettlement. Table 2 shows some 
experiments conducted by a farmer in Ward 25 of Chivi. 

Strengths of fanner experimentation 
The main strength of farmer experimentation is that the solutions developed are likely to 

suit the local environmental and socioeconomic conditions. Farmer experimentation helps ensures 
that all farmers, including women and the resource-poor, are also included in technology 
development. Experimentation by farmers can provide solutions to diverse, site-specific 
problems. It also strengthens farmers' confidence and capacity to solve their own problems and 
reduces dependency on outsiders. 

Weaknesses of fanner experimentation 
There are several limits to farmers' experiments. Such experiments tend to be undirected, 

with a weak analytical basis and poor experimental design. In their enthusiasm to experiment 
with new ta::hnology, farmers tend to think up their own personal variations. In addition, 
unplanned or chance variations also occur, without farmers being aware that they are doing 
something different from their neighbors. Many farmers may not be very thorough in their 
analysis and evaluation of the techniques they are trying, and this could lead to false conclusions. 
Farmers sometimes do not understand the underlying reasons for a good or poor yield and could 
attribute the success of a technology to the most obvious difference. Another major weakness is 
experimental design that leads to flawed comparisons. Experimenting farmers sometimes do not 
design comparable units. When they try out a new technique the basis for comparison could be 
the previous seasons' yield or a crop in a nearby field, ignoring the effects of differences in soil 
types or management. These weakness do not invalidate the concept of farmer experimentation as 
a risk-management strategy, but merely highlight the opportunities for improving the process. 
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Supporting farmers' experiments 
Support for fanners' experiments could come from extension staff, researchers, non

governmental organizations, or individuals outside these agencies. To effectively support such 
experimentation, strengths and weakness in experimentation procedures must be identified and 
specific roles allocated to different institutions and individuals providing support. Kuturaya, a 
participatory technology development approach based on farmer experimentaion, aims to do that 
(Hagmann et al. 1997). Kuturaya is described below. 

The conceptual model of Kuturaya 
The Kuturaya conceptual model consists of three components-research, extension, and 

active fanner participation. Innovative techniques are developed by trial and error. Farmers are 
encouraged to experiment with ideas and techniques emanating from their own knowledge or 
from external sources (research and extension). Farmer experimentation stimulates the re
evaluation and appreciation of traditional knowledge and encourages the synthesis of new and 
traditional techniques. Through experimentation, fanners gain in knowledge, confidence, and 
ability to choose among various options and to develop and adapt solutions appropriate to their 
circumstances. Problems encountered during the experimentation process determine the research 
agenda. On-fann trials emphasize the collection of quantitative data, which is then used to 
support the findings, or alternatively is communicated to research stations for further testing 
under controlled conditions. Extension of innovative techniques is stimulated through 
strengthening of community organizations and institutions, and farmer training on leadership and 
communication skills. Support is provided to improve channels of communication, creating an 
environment where people freely share skills and experiences. Experimentation with technical 
options rather than promotion of strict recommendations is promoted. Farmers share their 
experiences at annual review/evaluation workshops, helping promote a common understanding 
on issues pertaining to the management of common property resources. Active participation by all 
actors is the basis of "Kuturaya." Fanners enunciate their goals and needs, identify technical 
solutions to the defined problems, and plan and implement experiments to compare alternative 
technical options. 

Kuturaya implementation model 
The implementation model consists of a preparatory phase followed by an 

implementation phase consisting of three closely interlinked components-process initiation, 
seasonal cycle, and support. 

Preparatory phase-A preparatory phase, before process initiation, is essential. During 
this time information about farming systems and associated agroecological and socioeconomic 
conditions is collected and and assessed using rapid rural appraisal and participatory rural 
appraisal tools (Theis and Grady 1991). Most importantly, an institutional survey is conducted to 
identify the best channels for intervention. Community members are interviewed to identify the 
roles, strengths, and weakness of existing local institutions. Community members also 
recommend implementing institutions. A household needs assessment is carried out on the basis 
of different wealth ranks, using semi-structured interviews. 

Process initiation-Process initiation starts with an awareness-raising workshop. The 
purpose of the Kuturaya process is clarified and results from the institutional survey are fed back 
to the community. Five training sessions are conducted to explain the process of technology 
development from problem identification to technology evaluation. The link between 
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experimentation and development of solutions is underlined. Further action is planned on the 
basis of the community's priority needs and problems. The second step in the process initiation 
stage is exposure to options. The aim is to provide farmers with ideas from which can choose to 
develop experiments. 

Visual teaching aids are used to explain soil erosion processes. Two soil erosion models 
are used. The first is a simulation of three soil management treatments (mulch ripping, tied 
ridging, and conventional bare) in small trays (50 x 30 cm). Rainfall is simulated by spraying 
water from a watering can. Soil loss and runoff are collected in transparent glass beakers. A 
~econd set of beakers collects deep seepage water which represents groundwater in wells and 
boreholes. Thus the process of soil erosion and its impact on soil nutrient loss, siltation of dams, 
and water table recharge are demonstrated. 

The second model links soil erosion, reduction of soil depth, and drought. Two glass 
boxes are used, one with a soil column of 30 cm and another with only 15 cm. Identical quantities 
of water are poured into the two boxes. The shallow column retains only about half the total 
amount of water poured in, whereas the deep soil retains almost all of it. Thus the shallow soil 
(shallow because of soil erosion) induces moisture deficiency. 

Experimentation is initiated and planned during field days. Competitions are held among 
individual farmers in a community for the best ideas and among communities for the highest 
number of participating farmers. Such practices stimulate the process of e'xperimentation and the 
revival of farmer knowledge. Competitions between individuals are linked with competitions 
between communities to minimize the possibility of innovators being victimized for poor results. 
Community experimenters earn respect even if failures occur. Farmers elect a committee to 
organize and judge these competitions. For these elections farmers are encouraged to consider the 
leadership qualities they had earlier defined (in awareness-raising workshops) as being important. 

Seasonal cycie-The seasonal cycle, beginning with the onset of the cropping season, 
follows the process initiation. Farmers choose options and ideas they think are most relevant to 
their individual problems and test them, preferably in a simple paired design. During the first year 
it is advisable to focus on a limited number of technologies to create the necessary entry point. As 
farmers become more confident they can try out more ideas. The major tool in the 
experimentation phase is the paired design. Every innovative idea is tested in comparison with the 
conventional technique, side by side in one field. This allows farmers to carry out a continuous 
qualitative assessment and to understand the factors which contribute to differences between 
treatments. The paired design allows researchers and extension staff to collect quantitative data, 
provided control plots are put in and fields are regularly monitored. 

In the middle of the growing season, trials in each community are judged by a committee 
from a neighboring community, using criteria set out by farmers. Farmers organize an evaluation 
tour/field day after the trials are judged. All farmers in the community are invited to tour the 
fields. Each farmer who runs interesting experiments presents his/her ideas and findings to the 
group, where they are further discussed and sometimes challenged. The objective is for farmers to 
share knowledge and increase their confidence through presentations. These presentations and 
discussions are also important to researchers and extension staff because they reveal knowledge 
and evaluation criteria that are often not made known at extension meetings. At the end of the 
field day farmers screen techniques and ideas for further research, promotion, or to be dropped. 
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Techniques identified for further research are put into fonnal on-fann trials or tested on 
experiment stations the following season. Technologies considered ready for promotion are 
further promoted as options in the neighboring areas. Just before the start of the next season, a 
feedback, review, and planning workshop is organized by the community. Researchers provide 
quantitative data to the fanners. The results of the whole process are reviewed, and the objectives 
and testing strategy for the following season are clarified. 

Support system-This comprises research and extension staff who provide support 
without dominating the fanners. Documentation of farmer knowledge and experiences and the 
production of guidelines and a fact sheet are the responsibility of extension staff. Extension also 
links fanners to research scientists, in case fanners define problems where researchers are 
needed. Farmer-oriented extension identifies topics that require research, while the department of 
research becomes more demand-driven. Except for some basic research, which requires strictly 
controlled conditions, most research is interactive, seeking practical solutions to farmers' 
problems. Researchers join fanners in Kuturaya and, provided they utilize simple paired trials and 
carry out constant monitoring, are able to collect quantitative data. The fanners' most interesting 
ideas are taken back to the research station for more detailed study. Research stations are used as 
think-tanks; they are open and host look-and-Iearn tours to inspire fanners to experiment. 

Conclusions 

Farmer experimentation is a very promising risk-management strategy. It increases 
farmers' self confidence and their ability to develop, test, and modify both external and 
indigenous technologies. Pilot activities have demonstrated that it is possible to increase the 
number, variety, and quality of fanners' innovations and accelerate significantly the spread of 
sustainable management systems. The Kuturaya method of supporting fanner experimentation is 
geared towards innovation by individual fanners. To achieve the sustainable management of 
common property resources, Kuturaya will need to be integrated into a wider concept for 
community-resource or watershed management. 
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Table 1. Off-fann income generation 
in Gutu, Chivi, and Zaka. 

Percentage 
of fanners 

Off-farm activity involved 
Beer brewing 62.5 
Knitting 20.0 
Construction 20.0 
Carpentry 5.0 
Casual labor 17.5 
Blacksmithing 22.5 
Source: Chuma (1993) 

Table 2. Experiments conducted by a farmer, Ephraim Muzongoza, 1996/97 season. 

Innovation/experiment Source of idea Motivation 

Manure planting in holes (a fonn of Zai tillage) Extension worker Shortage of land 

Intercropping Uncle Shortage of land 

Relay cropping Own idea (traditional Shortage of land 
practice) 

Infiltration pits Another fanner Low rainfall 

Infiltration pits and compost Own idea Shortage of manure 

Comparison of humus ash-based Own idea Lack of knowledge 
on 

best compost type 

Comparison between planting Own idea 
rice in lines versus broadcasting 

Mulching University of Soil erosion 
Zimbabwe researchers 

Planting crops in contour drains Other fanners Shortage of land 

Establishment of vetiver grass Other fanners Soil erosion 

Mulching with shells of wild orange fruit Own idea Shortage of mulch 

Planting of two fruit trees in one station Own idea Damage caused by 
animals 

Use of hot pepper to control Traditional practice Cost of chemical 
pests on vegetables pesticides 

38� 



Participatory on-farm trials at irrigation scheme locations, South Africa 

Participatory On-farm Trials 

at Irrigation Scheme Locations in South Africa 

S. Walke/ 

Abstract 

Although much work has been done over the years at experiment stations. relatively few results 
have been successfully adopted by farmers. The tailoring and transfer of relevant technologies 

can be greatly improved through on-farm trials where farmers participate in planning, decision
making, execution, and evaluation. This paper describes the Farming Systems Research and 
Extension (FSRE) approach in which researchers worked with farmers at selected irrigation 
scheme locations in South Africa to identify areas in the current farming system that could be 
improved or changed. The process involvedfull participation of community members, various 

government departments, and non-government organizations. The outcomes have been mixed, but 
provide encouragement. 

Introduction 

In the Farming Systems Research and Extension (FSRE) approach, fanners are central; 
fann-household, on-fann and off-fann activities operate around them as components of an 
interlinked and interactive system (Nonnan et al. 1994). The FSRE considers all fann activities 
that meet household needs, enhance production within the limitations of the environment, and 
improve the welfare of the fann family. Researchers work with fanners to identify areas in the 
current farming system that can be improved or changed. The process involves full participation 
of community members, various government departments, and non-government organizations 
(NGOs). 

During the present period of transition in South Africa, crop scientists face questions 
about the relevance of current fanning systems, and researchers are re-evaluating methods to 
involve all players in the process of improving agricultural production. In semi-arid regions, 
concerns about sustainable development have stimulated interest in improving the efficiency of 
irrigation schemes in the fonner homeland regions (Van Zyl 1995). Initially, a survey of available 
soil and water natural resources was conducted, followed by interactions with fanners and 
extension staff in selected areas. Participatory techniques were used to identify needs and specific 
areas where interventions could increase productivity, at the same time respecting local value 
systems and fanners' objectives. Different options would be evaluated jointly by farmers and 
researchers and presented to the community, after which on-fann trials would be planned. This 
paper provides further detail on the process and highlights initial results from on-fann trials on 
water and fertility management. 

Department of Agrometeorology, University of Orange Free State, Bloemfontein, South Africa. 
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The FSRE Process 

Setting up participatory on-farm trials is a lengthy process that involves many players. In 
the most successful instances, members of the community or a group of fanners drive the process; 
but most often researchers or extension staff initiate activities. Either way, the process should 
involve as many players as possible. Linkages between extension officers and other government 
officials are vital, as fanning activities often depend on the operations of several government 
departments (Merrill-Sands et al. 1990). The local government or tribal authorities and other local 
leaders must also be included for the project to be successful. Thus, coordination at the official 
level should run parallel to fann-Ievel interactions between project staff and the local community. 

Participatory techniques 
The needs of the fanners at each irrigation scheme will vary geographically and 

temporally. During the Participatory Rural Appraisal (PRA) (Chambers 1992), discussions were 
held with interest groups in the area and many fanns and households were visited. At these 
meetings, detailed but informal discussions generated information about farming activities in the 
area. The information was represented in diagrams, so that all members of the group could follow 
the proceedings (Schonhuth and Kievelitz 1994). 

Mapping exercises were used to highlight the natural resources available in the area and 
their distribution and ownership rights. These mapping exercises clarify the community's value 
system as well as the level of indigenous knowledge about its natural resources. They also 
provide a basis for plans to utilize local products to combat soil erosion and land degradation in 
the area. 

Timelines or trend analyses are also helpful in obtaining and clarifying farmers' 
perceptions on natural disasters such as floods and droughts. A long-term trend analysis can show 
major changes in farming activities due to development initiatives in the past, changes in eating 
habits, and the availability of land or labor. It is helpful to construct a seasonal calendar with the 
farmers to clarify the sequence of activities during the year and highlight the critical points. The 
seasonal calendar also allows researchers to learn about local cropping patterns and helps the 
group as a whole to identify possible modifications (e.g., using different cultivars, herbicides, or 
land preparation methods). A daily allocation of time for various sectors of the community 
highlights local traditions, such as collecting water and informal teaching among women, and 
helps reallocate time for new projects or development initiatives. A Venn diagram (constructed 
by the community members) can be used to understandthe interactions between the various role 
players in the village or community. Such a diagram will also clarify the significance of various 
groups and government departments to agriculture in the area. 

After obtaining a general picture of the fanning activities in the community, further 
details can be collected using a formal or informal survey either of selected individuals or groups 
(using matrix ranking). The matrix method is useful; if supplemented with a system whereby 
participants vote or come to a consensus about the relative importance of issues or problems, it 
provides a clear idea of priorities. Other good indications of fanner priorities are the importance 
of various crops for food or cash and the amount of time and effort allocated to each crop. 
Finally, the matrix method can provide guidance on which treatments to use in field trials. 
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Although much of the information collected with this participatory technique is not 
readily converted into hard numbers, trends and broad choices can be highlighted and the factors 
that influence the discussions become more clear. There are still many possibilities for using the 
data collected to develop social cause and effect flow charts. For instance, when groups in the 
community rank the importance of various crops differently, it can be interpreted as a difference 
in the priorities and needs among different sectors of the population. This information can be used 
to develop projects to meet the needs of different sections of the community. 

The initial needs assessment is followed by specific planning of the project and of on
farm trials. It is good to report back to a whole-community meeting at this stage. All the players 
can again be drawn into the process to avoid unnecessary conflict and accusations over which 
groups or individuals were excluded from decision making. If a smaller committee can be formed 
(with authority from the community) for a specific project, then all the better. A small working 
group of farmers prepared to collaborate with extension staff and researchers can be established. 

Planning phase 
During planning for on-farm experiments, it is important to build up confidence among 

farmers and commitment to the project objectives. The selection of farmers and treatments is 
crucial but difficult. This is when the real levels of participation and commitment become 
apparent. Most farmers have tried various methods over the years and the concept of 
experimentation is not foreign to them, although the formalization and methods of measurement 
may be. Time needs to be given to explain the need for the various measurements and the 
importance of documenting each stage of the trials (FAa 1993). The processes need to be decided 
by consensus, where all participants agree upon the need for each treatment. 

Selecting farmers for the trials is a complex task that lends itself to many different 
methods, each with pros and cons (Bembridge 1991; FAO 1988). It is vital to consider the scale 
of participation. For instance, seed packets of 5-6 varieties for planting can easily be handed out 
to many farmers using their own methods, if only yield is to be recorded. However, a detailed 
irrigation scheduling trial (where soil water content and the amount of irrigation applied has to be 
measured) requires either a major commitment from the farmer or greater control by the research 
team. These decisions need to be made jointly by farmers, extension officers, and researchers. To 
achieve this again requires building a special relationship of trust among farmers and other 
participants, as well as a sense of commitment. Both largely depend on personal interactions 
between the team members. 

Results from on-farm trials 
On-farm trials have been conducted in various locations in the lowveld of South Africa, 

in Mpumalanga and Northern Provinces. Success and failure has varied across seasons. 
Hoxane-This is an irrigation scheme in the former Gazankulu along the Sabie River 

between Hazyview and Kruger Gate of Kruger National Park. It involves approximately 70 small
scale farmers who grow subtropical fruits (mangoes, avocados, citrus), field crops (maize, 
groundnut), and vegetables on plots of between 5 and 15 ha. The Gazankulu Development 
Corporation upgraded the irrigation scheme during the 1980s with funds from the Development 
Bank of Southern Africa. 
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The Agricultural Research Council (ARC), in conjunction with the Northern Province 
Department of Agriculture, initiated a technology transfer project in January 1995. During the 
first few months a needs assessment was carried out using participatory techniques including 
mapping, time trends, and matrices applied during a community meeting and with small groups. 
Researchers and extensionists visited at least half the farmers in the area. Technology transfer 
was through monthly training sessions conducted in English with local extension officers. A 
training day was also held for farmers, focusing on specific topics of interest. The lessons were 
translated into the local language, Shangan. In addition, a series of on-farm trials were planted 
during the year: a maize cultivar trial in late July, cabbage and tomato spacing and spraying trials 
in September, and a groundnut cultivar trial in November. 

On-farm trials have been conducted at different levels over at least three seasons, with 
varying degrees of farmer involvement, ranging from the provision of land to full responsibility 
for trial management. In conjunction with the Roodeplaat Vegetable and Ornamental Plant 
Institute and the Plant Protection Research Institute, demonstration trials were conducted for 
cultivars and insecticides. Some of these trials were only marginally successful at introducing 
farmers to different cultivars, because only one or two cultivars performed well. The cultivar 
trials were repeated through several seasons for tomatoes, cabbage, and sweet potatoes. The 
pesticide trials were unsuccessful; there were numerous problems with routine spraying, and 
researchers were never certain whether the correct spray treatment had been used. In one case a 
farmer did not use any of the treatments, but used his own spray formulation on all the treatment 
plots so that the field would look beautiful and clean for the farmers day. Obviously there was 
some lack of understanding concerning the real objectives of the trial. A groundnut cultivar trial 
was also washed away during an unusual heavy rainfall season. 

Following much further discussion, another season of trials was initiated in which all the 
decision making was left to the farmers, with little guidance from the extension staff. However, 
even though the farmers' study groups selected the participating farmers, some withdrew at 
planting, and others during the season, and only one crop of tomatoes was successfully harvested. 
The problem was that, although they weighed the fruit, plot numbers were not recorded, and so 
effectively no data were available. The farmers, however, proceeded to plant one of the most 
successful tomato and sweet potato varieties in the following season. So despite the fact that the 
researchers collected no data, some of the farmers adopted new cultivars as a result of the on
farm trial. 

The New Forest Irrigation Scheme-There are two types of irrigation plots at this 
location: small food plots used mostly by pensioners and larger (1.2 ha) plots used for 
commercial production of food crops to supply the local population. Following discussions with 
extension officers working on the irrigation scheme, farmer-managed trials were established to 
investigate the effect of different fertilization methods on yield and water use in irrigated maize 
(Lee 1993). Four treatments were chosen: farmers' usual method, kraal manure, chemical 
fertilizer, and mulch with chemical fertilizer. 

The relative isolation of this location (a five-hour drive from Pretoria) made setting up 
trials complicated for researchers. Many operations needed the cooperation of the extension 
department, and although the spirit was willing, it was often difficult to arrange transport, 
implements, and manpower at the same time. The extension officers selected the farmers and 
arranged for the use of their land. There were many delays in plowing (due to difficulties in 
arranging for the department tractors) and in delivery of fertilizer and kraal manure to the fields. 
Planting had to be staggered, and one maize plot had to be replanted. However, the fields were 
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planted between 3 and 10 October, and one plot on 10 December. The insertion of the neutron 
probe tubes was a mammoth task plagued by lack of transport and other equipment. The 
monitoring of soil water content began immediately after planting, but was conducted only at 
sporadic intervals due to lack of transport; only 8 readings were taken over the growing season. 
The maize was harvested on 19 and 20 February 1997. 

Water content was measured in terms of ratios from the neutron probe. The addition of 
kraal manure appeared to increase water retention in the top layers of the soil at one location. At 
34 days after planting, water content at 15 cm depth was 10% higher in the kraal manure plot than 
in the other treatments. At 98 days after planting the effect was not as large, but the kraal manure 
treatment still gave consistently higher water content until a depth of 90 cm. On another farm at 
40 days after planting, water content at 15 cm depth was higher in the kraal manure and mulch 
treatments than in the other two treatments. The mulch treatment gave a higher water content 
down the profile to 90 cm. At 98 days after planting, kraal manure gave a higher water content in 
the top layer and the mulch treatment at 60-90 cm depth. Thus, the addition of kraal manure 
improves moisture retention in the upper soil layers. In deeper layers, both kraal manure and 
mulch appear to be beneficial. However, more data are needed before the four treatments can be 
compared. In all treatments, the surface layer dried out as the season progressed, more slowly in 
the kraal manure treatment, and most quickly in the farmer's own treatment. Similarly, the deeper 
soil layers were the slowest to dry out in the kraal manure treatment, and most rapid in farmer's 
treatments. 

From the four farms harvested to date, none of the treatments consistently outyielded the 
others at every site. Neither did any of the treatments give consistent yields across sites. However, 
at three locations, farmers' own treatment gave the highest yield (data not shown). At the other, 
kraal manure gave the highest yield. Sub-samples of the maize cobs from each plot were oven
dried to estimate dry mass from each treatment on each farm. 

The extension officers were highly motivated and committed to the project, and arranged 
many farmers' meetings and a series of farmers' days over a two-year period. Tomato trials were 
planned for the second season, but due to political unrest and a three-month strike throughout the 
area, the plots were never planted. A third trial with maize on the same plots was planted in late 
August 1997. 

Venda-A much smaller village garden was the site for cabbage and onion spacing trials 
at this location. However, the irrigation pump broke down a month after planting and was not 
repaired. So what started as a good on-farm trial with all the 60 women farmers helping at 
planting ended with no results and not much learned. 

Wonderboom Training Center-On the Upper Olifants Irrigation Scheme, this was the 
site of several seasons of demonstration trials involving various vegetable crops, including 
cabbage, sweet potato, onions, beetroot, with a range of cultivars, insecticides and fumigation, 
and an attempt at different irrigation scheduling methods. Although very little data was collected, 
numerous well attended (approximately 250 people each time) farmers' days were held at the 
training center, which has as a result been revitalized. This technology transfer effort has been 
successful due to the determination of a few dedicated extension officers. A neighboring village 
has also requested help, and wheat and groundnut variety trials have been successfully conducted 
for several seasons on a piece of land donated by the headman of the village. Following a PRA at 
the village, engineering works are planned to repair damage caused by flooding and to upgrade 
the irrigation scheme. 
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Lessons Learned 

Good preparation prior to on-farm trials is vital to their success. This can begin up to a 
year before the proposed trials, to build a relationship of trust between researchers, extension 
staff, and farmers. The linkages and personal contacts created must be to the mutual benefit of all 
parties involved. This can lead researchers or their supervisors to feel they have been sidetracked 
into less important issues. However, the value systems of each group must be kept in mind and 
efforts must be made to embrace or at least understand some of the aspects that may initially 
appear foreign. The planning phase must include more than the normal planning of an 
experiment, as all players must be incorporated as soon as possible in the discussions. This often 
requires some basic introduction to experiments and their overall purpose, which can be given to 
a large group of farmers and community members. Participants can later work out specific 
arrangements for subsequent on-farm trials. 

Throughout these negotiations a commitment to cooperation must be made by all groups. 
Ideally, this commitment should be made at the highest possible level in all institutions, so that 
support for the project is unilateral and clearly decreed. Failing this, members of the team may be 
transferred or given other priority work by their supervisors. 

The logistics of a cooperative project are complex and require effective channels of 
communication. A good policy is to set a regular time for telephone contact or visits at the 
beginning of the season, and then to stick rigidly to this schedule, even if it appears that there is 
little to say. If this is established early in the project, it can be used successfully when unforeseen 
cnses occur. 

One vital question is: what actually is the specific objective of the on-farm trial? Farmers 
must be allowed to discuss at length the purpose of the experiment and the possible benefits that 
can result. From experience, it appears that if the farmers feel in any way that the researchers or 
extension staff can veto decisions made at the group meetings, they lose faith in the process. This 
often results in failure of one or more trials. It cannot be overemphasized that the frame of 
reference of the farm community must be carefully understood and that the trials must fall within 
its priorities. 

The next step is the selection of farmers. This stage can make or break the whole process. 
There are many theories about the best methods to use; however it appears that the appropriate 
choice will differ from area to area, and will depend largely on the level of commitment and 
cooperation between the parties. Sometimes a group of enthusiastic farmers can form study 
groups and select participants from within their own group. Correct selection of farmers ensures 
not only that the experiment is managed properly, but also that the results are accepted by other 
farmers. When new methods are introduced into a community, it is possible that early adopters 
will be seen in a negative light as "getting ahead" of the rest of the community. Sometimes, 
selections made by extension officers lead to accusations of favoritism. If the farm community is 
closely involved in selection, it will greatly increase the chances of collecting useful information 
and successfully transferring this information to the community. 
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Technology transfer 
On-farm trials provide many opportunities for technology transfer. This process begins 

with the initial contact, as farmers are always ready to ask questions and discuss alternatives. It is 
a good idea to hold an information day during the on-farm trials so that farmers can visit the trial 
sites and interact with the rest of the team (Bembridge 1991). This also provides a good 
opportunity to assess local reactions to the state of the trials and the preliminary results, and 
enables farmers who are not directly involved with the trials to view the fields and make their 
own decisions about new technologies. After several seasons of on-farm trials, the results and 
recommendations can be collated and distributed to the farm conununity. Some farmers will 
already have started using some of the options being tested. Further surveys or discussion groups 
can also gauge the adoption rate of any new techniques. Thus, farmers learn from each other, and 
not only from extension staff and researchers. 

Conclusions 

In some areas on-farm trials have become more common, but the benefits still appear to 
be limited to farmers who actually visit the trials, and only a small proportion do so. Other 
methods need to be used to transfer the knowledge gained from on-farm trials to farmers in 
distant locations. Modeling is one method that could be used as long as the social parameters 
underlying farmers' choices and opinions are factored in. Such data can be collected during a 
participatory rural appraisal, and are particularly valuable because they often represent the 
consensus of local opinion. If these factors can be measured and assessed for their influence on 
cropping systems, they have the potential to enhance a purely physical model driven by 
constraints of weather and soils. 
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Setting Targets: 

Modeling Crop Performance or Cropping Decisions 

D.D. Rohrbach! and G.£. Okwach2 

Abstract 

This paper briefly reviews examples of the application ofcrop simulation models to develop more 
practical fertility management options in Zimbabwe and Kenya. The work in Kenya also 

considers alternative strategies for managing water runoff. The paper reviews why and how 
simulation models are being employed, and outlines some of the problems arising during the 
early stages ofapplication. The practical targets for crop simulation modeling are reviewed. 

The semi-arid cropping systems of southern and eastern Africa are characterized by their 
low productivity. Cereal grain yields average less than 750 kg ha'\ in most countries in the region. 
Despite the increasing adoption of new varieties of maize, sorghum and pearl milIet, productivity 
levels remain largely unchanged. Most households commonly fail to produce enough grain to 
meet their requirements. In drought years, most farm families depend on food aid and 
supplementary grain purchases (Hedden-Dunkhorst 1993). A major reason for the continuing low 
productivity of the semi-arid cropping system is the failure of farmers to adopt improved fertility 
management practices. Less than 5% of these small-scale farmers use fertilizer. Most have never 
even tried this input. A surprising proportion of farmers (e.g., 50% in southern Zimbabwe) fail to 
use available manure. In consequence, the quality of soil resources is declining. 

The limited adoption of chemical fertilizer is surprising in view of the consistency of trial 
results indicating the potential profitability of this input (e.g. DR&SS 1992; DR&SS 1993; Gono 
1996). One explanation is that fertilizer is not readily available in rural, retail shops. Farmers 
must travel long distances to find this input and then incur high transport costs to carry this back 
to the farm. Adoption is also constrained by the difficulty farmers have in assessing the value of 
fertilizer. Use of this chemical input is undoubtedly risky in the semi-arid environment. However, 
growing evidence suggests that farmers have over-estimated these risks. Indeed, the variability of 
rainfall characteristic of these environments makes it difficult to accurately assess the level and 
likely range of investment returns. 

These difficulties are compounded by the tendency of national research and extension 
services to recommend rates of fertilizer use well above the levels farmers are willing to consider 
for their own experimentation. Many countries still offer blanket national recommendations 
without regard for the variability of their rainfall or soil conditions. Yet even when 
recommendations are adjusted for the semi-arid agroecology, the prescribed levels of application 
are greater than the levels of investment farmers are willing to consider. In effect, these 
recommendations are irrelevant to most farmers. But they also communicate to most farmers that 
fertilizer is an impractical input. 

Principal Scientist (Economics), SADClICRISAT, Box 776, Bulawayo, Zimbabwe. 

Soil Physicist/Hydrologist, Kenya Agricultural Research Institute, National Drylands Farming Research Centre 

Katumani, P.O. Box 340, Machakos, Kenya. 
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Crop systems simulation models offer the opportunity to change this circumstance. These 
models can help scientists, extensionists and farmers to better evaluate alternative fertility 
management practices for agro-ecologies characterized by highly variable rainfall and drought. In 
particular, the riskiness of alternative fertility management strategies can more easily be 
measured. Crop simulation models also offer the prospect of developing a wider range of fertility 
management options for farmers with different resource levels and risk preferences. Rather than 
pursuing a single best solution, these models can help scientists, extension workers and farmers 
evaluate a range of technologies suited to seasonal differences and each farmers' individual 
investment priorities. 

Limited Acceptance of Fertilizer in� 
Semi-Arid Cropping Systems of Zimbabwe and Kenya� 

Semi-arid farming systems account for more than 75% of the farming area in Zimbabwe 
and 80% of the farming area of Kenya. These encompass approximately 60% of the smallholders 
in Zimbabwe and 20% of the smallholders in Kenya. In each country the levels of adoption of 
fertilizer are limited. In Zimbabwe, less than 40% of the farmers based in semi-arid regions have 
ever tried chemical fertilizer. More than 95% of initial experimentation with this input has been 
conducted as a result of its free distribution in drought relief programs. Three-quarters of all 
households use less than 100 kg of this input on their 3-8 hectare farms. 

In Kenya, recent surveys in the Machakos district indicate 40% of farm households have 
tried chemical fertilizer and 25-30% have recently purchased this input. Again, adoption has been 
stimulated through the distribution of free fertilizer in drought relief programs. Also, purchases 
have been stimulated by the liberalization of fertilizer markets and the sale of this input in smaller 
bags. However, few farmers purchase more than a token amount of fertilizer and rates of 
application are low. Many farmers purchase less than IOkg of the chemical input for their farms. 

The fertilization practices employed by experimenting farmers contrast sharply with 
extension recommendations. In Zimbabwe, the national extension service officially recommends 
farmers apply at least 50 kg of Nand 35 kg of P per hectare of maize. Average utilization rates 
even during the free fertilizer programs are less than 25% of this level. In semi-arid eastern 
Kenya, the extension service recommends application of 40 kg Nand 20 kg P per hectare for the 
recommended KBC maize variety. It is estimated, however, that many of those who use some 
amount of fertilizer in this region apply less than 10 kg N per hectare, well below the 
recommended rate. 

Yet fertilizer use seems to offer high returns. Trial results in Zimbabwe indicate the 
application of small quantities of chemical fertilizer (25 kg N per hectare) can provide large gains 
in crop productivity (Heinrich and Mangombe 1995). This is particularly the case when fertilizer 
use is linked with new seed varieties selected, in part, for their greater responsiveness to this 
input. On-farm trials in the semi-arid and sandy soil regions of southern Zimbabwe indicate a 
change in seed variety may offer a grain yield gain of only 18% (Table I). However, when new 
sorghum varieties are combined with chemical fertilizer, yields rise over 80%. Average grain 
yield gains of almost 60% are available when fertilizer is applied to traditional sorghum varieties. 
If such gains are possible, why are farmers avoiding the use of this input? 
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Fertility Management Modeling Projects 

ICRISAT is seeking to reassess the risks and returns to fertilizer use in semi-arid fanning 
regions, in partnership with national scientists in Zimbabwe and Kenya and through the use of 
crop modeling and farmer participatory research. The Zimbabwe project, initiated in 1995, targets 
the development of more practical sets of fertility management options for small-scale farmers in 
drought-prone environments. The Kenya project, initiated in 1996, targets the development of 
both fertility and water management technologies. This project also considers the impact of 
fertilizer market liberalization on the structure of incentives influencing the adoption of this 
chemical input. 

Both projects start from the hypothesis that greater chemical fertilizer use is essential for 
the long-term sustainability of crop production in semi-arid regions. However, the 
recommendation of low and better targeted levels of fertilizer application may represent a more 
practical strategy for expanding use of this input than recommendations designed to maximize 
grain yields or profits. As a corollary, both projects hypothesize that fertilizer adoption is limited 
by the riskiness of this input, the high costs of application, and the relative returns to this 
investment compared with alternative allocations of scarce capital (e.g., to school fees). These 
trade-offs are influenced by the accessability of this input in local retail markets. Evaluation of 
the returns to fertilizer use is complicated by limited experience with fertilizer a.pplication and by 
the extreme seasonal variability of these returns when experimentation is attempted. 

These constraints are worsened by the inappropriateness of most extension 
recommendations for fertility management. The recommendations tend to require larger 
investments of cash income than are available to most smallholder households. Even if a 
household has this cash, the small-scale farmer is unlikely to invest it in such a risky technology. 
In consequence, the extension advice is essentially irrelevant. Worse, it teaches farmers a narrow 
'all or nothing' lesson about fertilizer use. These recommendations do not encourage 
experimentation by farmers. Instead, they widen the distance between scientists or extension 
workers and the farmer. 

The Zimbabwe and Kenya projects hypothesize that more practical extension advice 
should provide options for farmers of varying resource mixes and risk preferences. These options 
should offer a range of management strategies from which fanners can choose. The strategies 
may be defined in relation to the rainfall pattern early in the cropping season (response farming) 
or in relation to varying input to product price ratios. The options should encourage 
experimentation by farmers. 

The projects also consider the complementarity of purchased and non-purchased fertility 
management inputs - including farmyard manure, intercrops, and cereal-legume rotations - and 
aim to highlight opportunities for productivity gains available with lower cash investments and 
relatively lower production risks. Examples include the application of small quantities of 
chemical fertilizer targeted to particular soil types, or the application of limited quantities of 
fertilizer in conjunction with farmyard manure. Importantly, the target for technology testing is 
the option, not a single optimal recommendation which fails to account for capital and labor 
constraints. 
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Progress in implementation: Assessing the tool 
The two projects are still at an early stage of implementation. Each has started with a 

different simulation model. The Zimbabwe effort is using the Environmental Policy Integrated 
Climate (EPIC) model originally developed in the United States. In Kenya, we are using the 
Agricultural Production Systems Simulator (APSIM) model. A maize module within this model 
reflects the results of historical experimentation in Kenya between 1983 and 1991. 

In Zimbabwe, two seasons (1995/96 and 1996/97) of on-station and on-farm trials have 
been completed to facilitate verification of the crop systems simulator. These data have been 
extended with the compilation of historical experiment station data from sorghum and pearl millet 
variety trials. Thus far, the main verification analysis has been with the station based trials. These 
indicate that EPIC offers a reasonable capacity to estimate the yields of the main sorghum (SV 2) 
and pearl millet (PMV 2) varieties recently released by the national research program (Figs. 1 and 
2). In most years the predicted yields are similar to the actual yields. The one significant outlier 
for PMV 2 yield during the 1994/95 cropping season relates to the difficulty of the EPIC pearl 
millet module to estimate yield response associated with tillering. 

In Kenya, the capacity of APSIM was tested through the implementation of five on-farm 
fertilizer management trials for maize initiated during the 1996/97 short rains (October-February) 
season. These trials were continued during the 1997 long rains (March to May) season. The 
simulation analysis for two of these farms offers a view of the predictive capacity of the APSIM 
model. The farms were chosen to represent distinct soil types---one comprised sandy soil and the 
other a clay soil. The experimental treatment involved the use of farmers' seed with 40kg of N 
and 20 kg P per hectare. A detailed description of the soil characteristics, research methodology, 
imposed treatments, and parameterisation of APSIM's soil water, soil nitrogen and crop modules 
are given by Ikombo et al. (1997) and Dimes et al. (l997).Table 2 presents the results of the 
APSIM simulation on maize crop phenology in Machakos. It is evident that APSIM predicted the 
impact of soil differences' on phenological growth reasonably well. 

Figures 3 and 4 show the predicted and observed stover, grain yield and plant density for 
the high density for the high fertility treatment on the clay and sandy soils, respectively. For both 
soils, APSIM over-predicted the stover weight. However, this over-prediction in stover 
production was not proportionally reflected in grain yield. Predicted grain yields were also higher 
than those observed in both soils. This may be due to the severe moisture deficit that 
characterized the season. The grain filling stage in both soils occurred without rain (Dimes et al. 
1997). Correspondingly, this analysis was extended with a simulation of soil nitrate levels and 
soil water levels for each soil type. The greater availability of soil water throughout the growing 
season in the sandy soil contributed to the higher yields at this location. 

A key factor underlying the success of the model validation in both Kenya and Zimbabwe 
is the importance of maintaining a high quality of data collection and laboratory analysis. 
Laboratory analysis of soil data must be accurate and subject to verification. These analyses also 
need to completed on a timely basis to assure data availability for the simulations. This has been a 
problem in both countries. 
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Data problems increase the difficulty of model verification. Substantial time and effort 
are required to sort errors in data from apparent problems of model performance. In the two 
projects, these data constraints are necessitating the allocation of more time than was originally 
planned to model verification. At the same time we need to keep in mind that the models are not 
ends in themselves. The process of verification is simply a small step toward application in the 
development of more practical sets of soil and water management technologies. 

Model applications in Zimbabwe 
Though we are still testing the usefulness of EPIC in Zimbabwe, applied analyses 

examining the fertility management decisions of small-scale farmers have also been initiated. One 
early application targeted assessment of the impact of farmers' decisions not to use fertilizer or 
manure in the semi-arid cropping system. In particular, how quickly do average cereal grain 
yields decline and what are the costs of this loss to the national economy? 

One analysis indicated an average grain yield loss of just over 3 kg ha'\ per year over a 16 
year period of simulation (Fig. 5). However, most of this yield loss occurred during the first eight 
years of the experiment. Since many smallholder farming areas in southern Zimbabwe have been 
farmed for more than a decade, the continuing decline in average yields is probably marginal. 
However, farmers face a large opportunity cost inherent in their continuing failure to use fertilizer 
or manure. 

A second analysis correspondingly targeted an assessment of the relative.returns to the 
low levels of fertilizer made freely available through national drought relief programs. These 
programs entitled each farm family to ~me 50 kilogram bag of Compound D (8-14-6) and one 50 
kilogram bag of ammonium nitrate (AN) (34.5-0-0).3 The simulations started with an assessment 
of the returns to applying one-half of this allocation. The initial EPIC analysis indicates small
scale farmers can achieve a substantial gain in cereal grain productivity even with small quantities 
of fertilizer input. Sorghum yields can be increased by about 200 kg (e.g. from 600 kg to 800 kg 
at a 50% level of probability) through the application of only 10.6 kg of N per hectare (25 kg of 
AN and 25 kg of Compound D) (Ahmed and Rohrbach 1998). This quantity of fertilizer would 
cost about Z$200 delivered to the farmgate. In comparison, the additional 200 kg of cereal grain 
would be valued at between Z$250 and Z$400, depending on the season and the general level of 
cereal grain supplies within a given area. The farmgate price for small quantities of maize in 
deficit regions lies around Z$2 per kilogram. But if a farmer has to sell a larger quantity of grain 
to the parastatal Grain Marketing Board, the farmgate price drops to Z$I.25 per kilogram and 
sometimes less. 

Such results confirm the view that chemical fertilizer is highly profitable, even at low 
levels of application. The value of this input is particularly high if it helps reduce household and 
village grain deficits. Farmers need to consider that any cash investment in agricultural inputs in 
the drought-prone regions of southern Zimbabwe involves the possibility of ~ loss. However, by 
limiting the size of the investment, the magnitude of such losses is also minimized. 

In practice, few farmers in Zimbabwe's semi-arid areas actually received this. The limited budget for the input 
delivery program reduced the availability of fertilizer for distribution and deliveries were concentrated in the 
nation's higher rainfall zones. 

51 



Risk Management Workshop 

These analyses were extended with the consideration of the relative returns to the 
application of small quantities of both chemical fertilizer and manure. Manure is a low-cost 
commodity in the southern Zimbabwe target region. There is no manure market and though 60% 
of households own cattle, only 30% use manure. In effect, one-half of all households owning 
manure do not apply it. 

As indicated in Figure 6, even the extremely risk-averse farmer who refuses to accept any 
possibility of a loss can profit from the application of as little as 2 t of manure per hectare. Higher 
returns can be achieved through the application of 5 t manure per hectare. The EPIC 
simulations also suggest that manure and AN fertilizer may be complements in the semi-arid 
farming system. The application of fertilizer with manure reduces the risks of economic losses 
and increases the probability of higher financial returns. 

Such results offer a first approximation of more practical sets of technology options for 
small-scale farmers. However, specific values derived from this modeling still need to be 
interpreted with care. Crop simulation models like EPIC and APSIM offer only a 70-80% level of 
accuracy. This is reasonable for some sorts of analysis, but may not be for others. In particular, 
these models still need greater testing under the low-input conditions (e.g., low organic carbon 
and low soil nitrogen) characteristic of many semi-arid cropping systems with sandy soils. The 
validations comparing estimated and predicted cereal grain yields in Zimbabwe were derived 
from experiment station trials under high input conditions. The yield estimates suggested by the 
EPIC model under low fertility seem to mirror those found on farmers' fields, but further on-farm 
experimentation is needed to evaluate this relationship. 

If the models offer a margin of error of 200 to 400 kg ha- I
, special-care needs to be taken 

in evaluating differences between treatment effects at yield levels averaging 500 to 1000 kg ha- I 
• 

The margin of error offered by the simulation model may be substantially larger than the 
differences in treatment effects. This error is likely to be even greater for manure and 
phosphorous treatments, where the underlying physical and biological processes are less well 
understood. 

The accuracy of the simulations also depends on the capacity of the models to track the 
physiology of different cultivars. Experimental evidence indicates that new sorghum and pearl 
millet varieties such as SV 2 and PMV 2 are more responsive to water and fertilizer inputs than 
traditionallandrace cultivars. While both EPIC and APSIM cope with some cultivar differences 
(e.g., through such indicators as growing period and leaf area), further analysis is probably 
required to estimate whether these adequately represent differences in nutrient and water use 
efficiency. 

Targets for future application 
Ultimately, both the Zimbabwe and Kenya projects seek to evaluate more practical 

alternatives for fertility (and water) management in the semi-arid cropping system. This implies 
they need to start answering questions about fertility management options being raised by 
farmers. In drought-prone, semi-arid environments, small-scale farmers are not looking for 
technologies which simply maximize their yields or profits. Instead, most small-scale farmers 
seek technology options which will allow them to increase their returns to limited investments of 
cash and labor without significantly increasing their production risks. These farmers must first 
decide whether to allocate scarce cash to crop or to livestock production, or to LtC search for an 
off-farm job. If an allocation of perhaps Z$200 (US$16) is made to crop production, should this 
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be used to purchase basal fertilizer (Compound D), top dress fertilizer (AN) or manure? Or 
perhaps this should be allocated to buy the labor needed to ensure more timely weeding. If the 
cash is allocated to a fertilizer input, a farmer may then seek to know the possible gains and 
losses associated with a late application targeted after the rainy season is well established. 

Such questions are well beyond the objectives underlying most formal fertilizer 
experiments. Yet these sorts of queries underlie much of the experimentation farmers themselves 
are pursing with the fertilizer recently being provided through Zimbabwe's drought relief 
programs. Some farmers have traded away their AN in exchange for a larger quantity of 
Compound D fertilizer. Some farmers are experimenting with different methods of application 
(banding versus broadcast) and with the targeting of fertilizer use by soil type, crop condition and 
the timing of rainfall. Farmers are asking about the effects of continuous application and the 
complementarity of fertilizer and manure. At the moment, extension workers can answer few of 
these questions. The interactive use of crop simulation models may help both extension workers 
and farmers to better judge their options. 

The information farmers seek about fertilizer options depends on the level of their 
experience with this input. Recent surveys in southern Zimbabwe indicate experience brings a 
greater willingness to accept the risks of application, or, more likely, a reappraisal of the level of 
these risks. Farmers with experience using fertilizer cite the high costs of this input as the major 
reason for their failure to apply it (Table 3). Farmers without experience cite the lack of 
knowledge of fertilizer response and fear of the risks of economic losses as the main justifications 
for failing to apply this input. This indicates that different technology options are needed for 
farmers with different levels of experience. Also, such data suggest that small-scale farmers even 
in the most drought-prone regions of the country will take risks, as long as they understand the 
underlying tradeoffs. 

Model applications also need to start from a recognition that most farm households in 
semi-arid areas do not view crop production as a major investment opportunity. Crop production 
offers a means to pursue household food security. But greater incomes are commonly perceived 
to be available through investments in livestock production. This enterprise correspondingly 
attracts more of the farm's scarce capital. Further, most of these households maintain an ambition 
to get their children off the farm. This implies an even higher investment priority is placed on 
school fees. In consequence, the availability of cash for fertilizer investment will always be 
severely constrained. 

High returns to low cash investments are more practically targeted in model applications 
than high profits from unconstrained cash investments. Ultimately, we seek to use models to 
derive a range of technology options suited to farmers with varying levels of resources, farming 
experience, and risk preference. Farmers can then choose the technologies that best suit their 
circumstances. This process starts with an effort to catalog the sorts of questions farmers are 
asking, the sorts of experimentation being conducted, and the magnitude of farm household 
resource constraints. The characterization of fertility management options is then extended 
through the implementation of farmer participatory experimentation. While the models are being 
verified, the research treatments are being set by scientists. As the models are validated for 
application in each target environment, the treatments will increasingly be set by farmers. Model 
application will involve more explicit efforts to facilitate experimentation by farmers. 
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Finally, the intensity of data required for crop models limits experimentation to a few 
accessible locations. Both the Zimbabwe and Kenya projects aim to develop procedures for 
extrapolating from location-specific findings to a larger farm population, with the assistance of 
geographic information systems (GIS) techniques. Such analyses have historically emphasized 
agroecological variables in the targeting of new technology. However, adoption patterns for 
alternative fertility management technologies commonly vary within a given agroecology. 
Correspondingly, greater investment is needed in complementary studies on the institutional and 
economic determinants of technology adoption and investment. 

Conclusion 

Crop system simulation models offer a way to evaluate risks and returns associated with 
alternative soil and water management technologies for drought-prone regions of eastern and 
southern Africa. By encompassing a range of technologies for varying farmer resource levels and 
risk preferences, models can help us generate more practical and adoptable extension 
recommendations. But this application of crop systems models to pursue these objectives remains 
at any early stage. Many questions remain regarding the practicality of model usage in semi-arid 
environments where the variability of technology response is higher and the average level of this 
response is low. High levels of experimental error also jeopardize the interpretation of trial 
results. Additional challenges underlie the attempt to answer questions about technology options 
being asked by farmers, rather than simply those raised by research scientists. The integration of 
farmer participatory research techniques with model application remains only at an initial stage of 
experimentation. But it is difficult to see an alternative means to resolve the problems of low 
productivity and failed technology adoption in the semi-arid farming system. The Zimbabwe and 
Kenya projects start from the hypothesis that models can help both farmers and researchers better 
evaluate the risk and return tradeoffs inherent in various technology options. 
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Table 1. Zimbabwe: grain yields offered in on-farm trials by the new sorghum 
variety SV 2 versus local white sorghum varieties with and without chemical 
fertilizer (t ha'\ 

Without fertilizer With fertilizer 
Farmer's Farmer's 
local SV 2 local SV2 

1992/93 average 1.52 1.63 1.92 2.5] 
1993/94 average 0.98 1.38 2.32 2.57 
Overall two-year average 1.33 1.57 2.10 2.42 
Percentage yield gain 18% 58% 82% 
Source: SADCIICRISAT Sorghum and Millet Improvement Program. 

Table 2. Kenya: observed versus APSIM-predicted maize crop phenology on two farms in 
Machakos, 1996 short rains (days after sowing). 

Kavesu Farm (sandy soil) Kisalu farm (clay soil) 
Observed Predicted Observed Predicted 

Emergence 1] 1] ]6 15 
Anthesis 64 64 71 68 
Maturity 102 108 III 112 
Source: Dimes et ai., 1997. 

Table 3. Zimbabwe: reasons identified by small-scale farmers in drought-prone areas for 
not purchasing fertilizer, 1996 (% of farmers interviewed). 

Farmers with no Farmers who have Farmers who have 
experience tried fertilizer 1-2 tried fertilizer 3 or 

times more times 
Too risky 42.5 18.6 6.7 
Not needed 24.2 9.3 3.3 
Too expensive 18.3 51.2 80.0 
Unknown 10.0 0 0.0 
Other 5.0 20.9 10.0 
n 120 45 30 
Source: SA DCIICRISAT Sorghum and Millet Improvement Program. 
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Figure 1. Zimbabwe: actual and EPIC predicted sorghum yields at the Lucydale farm, 
Matopos,1989-1995. 
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Figure 2. Zimbabwe: actual and EPIC predicted pearl millet yields at the Lucydale farm, 
Matopos,1989-1995. 
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Figure 3. Kenya: predicted versus observed stover, grain yield and plant density on the clay 
soil. 
Source: Dimes et aI. 1997. 
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Figure 4. Kenya: predicted versus observed stover, grain yield and plant density on the 
sandy soil 
Source: Dimes et aI., 1997 
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Figure 5. Zimbabwe: Simulation of the grain yields of sorghum, pearl millet and maize over 
a 24 year weather cycle in southern semi-arid regions. 
Source: SADCIICRISAT Sorghum and Millet Improvement Program. 
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Figure 6. Zimbabwe: simulated net returns to chemical fertilizer and manure in southern 
semi-arid areas. 
Source: SADCIICRISAT Sorghum and Millet Improvement Program. 
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An Investigation of the Data Available in 

Malawi for Conducting Crop Model Simulations 

T. Benson l 

Abstract 

This paper provides a quick and simple overview of the data requirements ofa crop model and 
presents the results ofa preliminary investigation of the data sources in Malawi pertinent to crop 

modeling, including the genetic make-up of the cultivars grown, the weather conditions of the 
cropping season, and the nature of the soil in which the crops are planted. 

For crop models to closely simulate the growth of crops within a particular production 
environment, considerable amounts of information on the genetic make-up of the cultivars grown, 
the weather conditions of the cropping season, and the nature of the soil in which the crops are 
planted are required. Do such data exist in sufficient detail and at an appropriately local scale to 
enable the application of crop models to agricultural research in Malawi? If this information is 
not available, there is really very little point in embarking on a crop modeling research effort in 
the country. This paper provides a quick, admittedly unsophisticated overview of the data 
requirements of a crop model and presents the results of a preliminary investigation of the data 
sources in Malawi pertinent to crop modeling 

To place the investigation into a particular research context, the feasibility of conducting 
national-scale spatial analyses, particularly of maize-based cropping systems using the results 
from crop model simulations, was evaluated. To undertake such research, spatial datasets of all 
the minimum data inputs to the crop models are required. The CERES-Maize model of the 
DSSAT 3.0 series of crop models was used to establish the contents of the dataset required. 

The optimal dataset required for the implementation of DSSAT 3.0 series of crop models 
is shown in Table I. This is not the minimum dataset, but shows the data required for the full use 
of the models which make up DSSAT, including CERES-Maize. 

Genetic coefficients 
In the late 1980s a validation exercise of the CERES-Maize model was carried out in 

Malawi. The genetic coefficients for several local and hybrid maize varieties were established 
under that project. More recently, Dr. du Toit at the research station at Potchefstroom, Republic 
of South Africa, established the coefficients for the most widespread hybrid varieties in Malawi, 
MH 17 and MH 18. From the standpoint of investigations of purely maize-oriented agricultural 
technologies, the genetic coefficients of sufficient numbers of varieties have been established. 
The coefficients of other crops have yet to be determined. 

Maize Commodity Team, Chitedze Agricultural Research Station, Lilongwe, Malawi. 

59 



Risk Management Worl<shop 

Climate data 
The minimum climatic data requirements for the OSSAT crop models are four of the 

seven listed: total daily solar radiation; maximum daily air temperature; minimum daily air 
temperature; and daily precipitation. Malawi has a relatively dense network of meteorological 
stations which collect precipitation and daily minimum and maximum air temperature. Moreover, 
the record is quite lengthy for these data, in some cases going back to the late-1800s. Currently a 
large portion of this dataset, covering the entire country, is "trapped" on mainframe computer 
tapes for a computer that is no longer in operation. If needed, these could be used with a 
"weather generator" software package to create estimated daily weather data for the country. 

The most problematic climate data required by crop models is total solar radiation. Only 
selected stations-likely no more than fifty-in Malawi collect any information whatsoever on 
radiation. For those that do, this data principally takes the form of daily total sunshine hours. 
While rough conversions can be made from sunshine hours to solar radiation in MJ/m2

, the 
resultant figures can only be treated as approximations of total solar input. From the initial 
analysis of the data, it appears likely that data on solar radiation with wide spatial coverage in 
Malawi may prove problematic for the use of crop models. While reasonable approximations of 
actual radiation can be made, some error will be introduced into the simulation by so doing. 

Of the optional weather data noted in Table 1, information on photosynthetically active 
radiation is unavailable in Malawi. Most synoptic weather stations in the country collect 
information on wind and relative humidity. 

Soil information 
A considerable improvement was made in our understanding of the distribution of soils in 

the country through the work of the Land Resources Evaluation Project run by the Ministry of 
Agriculture, the UNDP, and the FAO in the late 1980s. Under this project the soils of the entire 
country were mapped at a scale of 1:250,000 following an extensive soil profile description and 
soil sampling exercise. The resultant eight Soils and Physiography map sheets which cover 
Malawi contain 270 different soil map legend units defined by parent material, slope, FAO soil 
group, and soil family . These maps are currently being digitized for use with a GIS. Four sheets 
are completed. 

Associated with the legend of each Soils and Physiography map are ranged categories of 
information, for which precise figures were not provided, on fourteen soil parameters, including 
depth, drainage, surface and sub-surface particle size, and CEC. Rather general categories were 
provided, e.g., +, -, and = for N, P, and K nutrient status; fine, medium, coarse for texture; and so 
on. The ranged nature of the information presented poses a problem for its use in crop models 
where quantitative data is the ideal. 

To surmount this problem, the information contained on the original soil profile 
descriptions and laboratory results forms from each sample are now being entered into a database. 
The information contained on these sheets is shown in Tables 2, 3, and 4. Data from 
approximately half the country have now been entered in over 1,050 profile and horizon 
morphology descriptions. About two-thirds of the profile descriptions entered to date have soil 
chemistry data associated with them. The data entry should be completed for the entire country by 

early 1998. 
"- The quantitative data from these reports can be used for crop modeling applications by 

assigning representative chemical and physical parameters to each soil map legend unit of 
agricultural significance. To determine these representative parameters, all soil profile sites will 
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be plotted on a GIS data layer. These sites will then be grouped by soil map legend units using 
the digital versions of the soil and physiography maps. The median values for each site grouping 
of the parameters required by the model will then be used as input for crop modeling analyses 
carried out on each soil unit. 

Such an approach will not provide data on transient soil states. The sensitivity of crop 
models to the initial nutrient and moisture conditions of the soil is apparently quite high. One will 
have to use general rules of thumb in setting these initial conditions. For example, if one begins 
the simulation in October, before the first rains and a month before planting, it would be safe to 
assume minimal available moisture in most soil profiles in Malawi. However, setting the initial 
nutrient status of a soil would be more problematic and would have to take into account both the 
inherent fertility of the soil, and past farmer management. It seems likely for most simulation 
exercises of a broad spatial nature that some form of sensitivity analysis using different initial soil 
nutrient states is required. 

Assessment 
Table 5 orders the data requirements of the DSSAT 3.0 series of crop models shown in 

Table 1 into three categories, according to the degree to which the data for Malawi is accessible. 
Those data noted as "currently available" can be directly converted, for example, into a GIS data 
layer for use in spatial analysis. "Somewhat problematic" data will have to be derived from other 
data. For example, moisture holding capacities for soil horizons can be roughly calculated from 
soil texture information. The data noted as "possibly constraining" is apparently unavailable in 
Malawi and cannot be derived from other data. 

Of course, not all this data is required for crop modeling; this is the optimal set. The 
components of a rough minimum data required by CERES-Maize have been marked with 
asterisks. Total solar radiation and the physical soil parameters will likely constitute the major 
challenges in database development for modeling, if one is limited to the data sources identified 
here. The problem of initial nutrient status was highlighted above. 

Additionally, total phosphorus was not part of the LREP dataset and is missing in the 
soils dataset considered here. Extractable-P data is available, however. It may be that extractable
P is sufficient for the types of studies envisioned where P-Ievels might be an overriding concern. 
For such studies, total-P could be fixed at a reasonable level. Sensitivity analyses would indicate 
how critical it will be to include actual total-P data in the modeling. 

So, are there sufficient data available on Malawi to enable one to effectively carry out 
spatial research through the use of crop models? There are a few data areas which are 
problematic. The task of surmounting various data constraints and running the actual simulations 
will not be easily done. However, overall there is reason to be optimistic; sufficient data is 
available on the maize varieties, climate, and soils of Malawi to run crop model simulations and 
carry out national-scale spatial analyses of the results. 
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Table 1. Data required for full implementation of DSSAT 3.0 set of crop models with special 
attention to the CERES-Maize model, spatial analysis, and Malawi. 

Genetic coefficients - Available for Malawian maize hybrids MH12, MH16, MH17, MH18, and 
NSCM41 (CG4141) and three generic local varieties. 

Climatic - All daily data: total solar radiation, maximum air temperature, minimum air 
temperature, precipitation, dewpoint temperature, wind run, photosynthetically active 
radiation (PAR). 

~oils - For site: soil albedo, surface soil color, drainage rate, runoff curve number (SCS), 
evaporation limit. 

For each horizon: 
Horizon depth: pH 

upper boundary % organic carbon 
lower boundary % nitrogen 

Initial conditions: Phosphorus: 
soil moisture extractable 
nitrate total 
ammonium organic 

Soil texture: P-isotherms 
percent clay Potassium 
percent silt Cation exchange capacity 
coarse fraction Base saturation 

Bulk density Calcium carbonate content 
Moisture holding capacity: Aluminium 

drained lower limit Iron 
drained upper limit Manganese 
saturated upper limit Magnesium 

Saturated hydraulic conductivity Sodium 
Root growth factor Sulfur 

Electrical conductivity 
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Table 2. Profile morphology data. 

Location� 
Mapsheet� 
Field No� 

Grid Ref 
Author(s) 

Date survey 
Land unit 

Soil unit 
Parent material 

Rockiness 

Physiographic unit 
Altitude (m) 

Macro topography 
Micro topography 

Slope length 
Slope shape 

Slope gradient 
Slope position 

Min Fragm Bid 
Min Fragm SI 

Min Fragm Gr 
Capping 

Salts 
Erosion 

Permeability (0-50 cm) 
Permeability (50-100 cm) 

Ponding 
River flooding 
Flash flooding 
Groundwater 

Seepage 

Moisture condition profile 

Drainage class 
Vegetationl/and use 

Suitability 
Type ofprofile 

FAa soil classification 
FAa soil group 

Other comments 

Nearest town/village as shown on 1:250,000 map & District.� 

Sheet no. of 1:50,000 topographic map.� 

Code consisting of first two or three letters of district followed by a serial� 
number.� 

UTM grid reference to nearest 100m.� 

Surnames of surveyors.� 

day/month/year.� 

Code of land unit.� 

Code of soil unit.� 

Indication of rocks/materials from which soil developed.� 

% of land within 100-250m from profile taken up by outcrops of hard rock� 
or large boulders.� 

Name of physiographic unit with dimensions of at least 500 x lOOOm.� 

Altitude in meters.� 

Topography of surrounding country (radius of several kIn).� 

Relief features of small dimension within lOO-250m (frequency, dimension,� 
type).� 

Approximate length of slope in meters on which profile is located.� 

Shape of slope (linear, convex, concave, or complex).� 

Mean gradient of slope in percent at profile location.� 

Relative position of profile on slope (top, upper, middle, lower, bottom).� 

% of land within radius of 100m covered with boulders (>25cm).� 

% of land within radius of 100m covered with stones (7.5-25cm).� 

% of land within radius of 100m covered with gravel (0.2-7.5cm).� 

Presence of thin (2-20mm) surface layer with relatively high bulk density� 
(low porosity) and/or hard consistence when dry.� 

Presence of visible crust or efflorescence of salts at surface.� 

Erosion in a radius of lOO-250m. Degree and nature.� 

Permeability of least permeable horizon within 50 em of surface.� 

Permeability of least permeable horizon within 50-100 em of surface.� 

Duration of prolonged saturation of topsoil after heavy rains.� 

Frequency of inundation of floodplains.� 

Frequency of occurrence.� 

Highest level of groundwater table below surface during the year in em.� 

Occurrence of later supply of water to upper 2m of the soil weeks or months� 
after last rain.� 

At the time of description, indication of parts of the profile which are dry,� 
moist, or wet.� 

Brief description of vegetation, land use, and level of management.� 

Brief indication of most intensive type of agricultural land use possible.� 

Profile description taken from soil pit, road cut, streambank, etc.� 

FAO (Soil Map of the World) classification.� 

Soil type defined to a high level of generalization.� 

63 



Risk Management Workshop 

Table 3. Horizon morphology data. 

Horizon code 
Horizon symbol 

Depth (cm) 
Color 

Mottling 
Texture 

Structure 
Cracks 

Consistency 
Cutans 

Slickensides 
Cementation 

Pores 
Rock Fragm 

Min Nodules 
Roots 

Boundary 

HCl reaction 
pH (field) 

Field number and sequential number increasing with depth. 
Horizon designation. 
Depth range of horizon in cm. 
Munsell color, dependent on moisture condition of soil. 
Abundance, size, contrast, and color of mottles. 
Soil texture. Codes: sand=S, silt=Si, 10am=L, c1ay=C. 
Grade, class or size, and type of structures. 
Frequency (I=few, 2=common, 3=many) and depth and width in cm. 
If dry - hard; if moist - loose, friable, to firm; if wet - sticky. 
Thickness and frequency of cutans. 
Presence and development. 
Cementation of soil material by substances other than clay (remains 
brittle when moist). 
Abundance and size. 
Occurrence of rock fragments with diameter> 2mm expressed as % of� 
volume of total soil.� 
Abundance, size, and nature (Fe, Mn, Ca, etc.).� 
Abundance and size.� 
Description of lower boundary of horizon: width (abrupt, clear, gradual,� 
diffuse), and topography (smooth, wavy, irregular, broken).� 
Test with dilute hydrochloric acid to estimate content of carbonates.� 
Result of field test pH.� 
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Table 4. Horizon chemistry data. 

Lab No. 

Field No. 
Origin ofSample 

Depth (em) 
pH water 

Silt text 

Clay text 

Text class 

Tot C% 
OrgMat % 

Tot N% 
extractable-P (ppm) 

Na (me%) 
K (me%) 

Mg (me%) 

Ca (me%) 
AI (me%) 

TEB (me%) 
CEC (me%) 

Base Sat% 
EC (mS/cm) 

CECclay 
Boron 

Copper 
Zinc 

Manganese 

Iron 

Sulphur 

Chitedze laboratory number.� 
District of sampl~ origin.� 
Sample code.� 
Depth in cm of horizon sampled.� 
pH of sample, water method (1 :2.5 soil:water mixture).� 
Silt percentage. Hydrometer method.� 
Clay percentage.� 
Texture class: S = sand, Si = silt, L = loam, C = clay.� 
Walkley-Black method for organic C.� 
% organic Matter.� 
Kjeldahl method.� 
Bray I method.� 
Using flame photometer.� 
Using flame photometer.� 
Using AAS.� 
Using AAS.� 

Total exchangeable bases.� 
Cation exchange capacity.� 
Base saturation in percent.� 
Electrical conductivity.� 

Hot water soluble micrograms per gram.� 
DTPA extractable microgram per gram.� 
DTPA extractable microgram per gram.� 
DTPA extractable microgram per gram.� 
DTPA extractable microgram per gram.� 

DTPA extractable microgram per gram.� 
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Table 5. Data available in Malawi for use with the DSSAT 3.0 set of crop models, with 
special attention to their use for spatial analysis. 

Currently available Somewhat problematic 

Genetic Coefficients for maize* Coefficients for other crops* 

Climatic 

Maximum daily air Total solar radiation* 

temperature* 

Minimum daily air 

temperature* 

Daily precipitation* 

Dewpoint temperature 

Wind run 

Soils 

Surface soil color Soil albedo 

Horizon depth* Runoff curve number (SCS) 

pH* Initial soil moisture* 

% organic carbon* Bulk density* 

% nitrogen* Moisture holding capacity* 

Soil texture* Evaporation limit* 

Extractable phosphorus* Drainage rate* 

Potassium Root growth factor 

Cation exchange capacity* Calcium carbonate content 

Base saturation 

Aluminium 

Manganese 

Magnesium 

Sodium 

Electrical conductivity 

* Part of the required dataset for the crop models. 

Possible constraint 

Photosynthetically 

active radiation (PAR) 

Initial nitrate* 

Initial ammonium* 

Total phosphorus* 

Organic phosphorus 

Phosphorus-isotherms 

Iron 

Sulfur 
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Using Biophysical Simulation Models to Assess� 

the Performance of Agricultural Systems in Risky Environments� 

B. Keating' and P. Graci 

Abstract 

Our primary objective in this paper is to provide the rationale for use ofa modeling 
approach in the study ofagricultural systems. We shall consider some principles of simulation 
modeling and its place in the study ofbiophysical issues. The biophysical dimension of 
agricultural systems is set in the context ofa wider management or human activity system. 
Experiences with model application in eastern and southern Africa are reviewed and issues 
relevant to choice of model considered. We illustrate these issues an application of the APSIM 
model to issues of soil water andfertility management in maize based systems in Kenya 

Models: Description and Rationale 

Models are tools used to describe and predict the behaviour of the real world. While 
qualitative models have always been a feature of human thought, our interest in this paper is in 
quantitative models that represent, with the aid of mathematics, our understanding of the 
behaviour of a particular system. Inevitably, such mathematical models require intensive 
computation and their development has taken place in parallel with the growth of computing 
power over the last 50 years. Hence they are often referred to erroneously as computer models, 
but the use of computers is incidental to the basic concept. There are many forms of mathematical 
model but our focus in this paper is on simulation models that describe the biological and 
physical dimensions of agricultural systems. 

Simulation models describe the state of some defined system in terms of a collection of 
state variables. Examples of state variables would include crop leaf area, soil water content, the 
dry weight of different plant parts, etc. The relationships between these state variables are defined 
by mathematical equations in the model. Such models generally incorporate the concept of time 
and are thus described as "dynamic." These models have inputs, such as weather and soil data, 
and outputs, such as yield and soil fertility depletion. They calculate changes in the state variables 
over some particular time-step. A daily time-step is used in the simulation of many biophysical 
dimensions of agricultural systems, but this is not fixed and shorter or longer time-steps are 
appropriately used, depending on the process under consideration and the overall modeling 
objectives. 

Agricultural Production Systems Research Unit, Brisbane, Australia.� 

CIMMYT, Mexico.� 
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Most agricultural simulation models are deterministic, meaning they calculate only one 
set of outcomes for a given set of inputs. Varying input data enables deterministic models to 
estimate stochastic features of system behaviour. This is most commonly done via the use of 
historical weather data to generate a probabilistic output. Similar approaches can be applied, 
however, to the input of a frequency distribution - say, of soil properties - to generate stochastic 
estimates of system behaviour in relation to soil variability. 

Rationale for Modeling 
It is the two dimensions of complexity and variability that necessitates a modeling 

approach. If soil and climate were constant, the need for modeling would be greatly diminished. 
Likewise, in the absence of complex interactions between many crop, soil, weather and 
management factors, simple single-factor observations would be a good guide to future system 
behaviour. Under such circumstances, direct experimental observations would suffice in the 
evaluation of strategies to overcome constraints to agricultural system productivity. However, 
farming systems are generally characterised by complex interactions between crop, soil, and 
management, which in tum interact with high levels of climatic variability. Variation in weather 
and soils in both space and time mean that we can never hope to conduct sufficient 
experimentation in sufficient places for a long enough time to adequately assess the performance 
of alternatives in agricultural practice. The temporal variation that is of concern includes both the 
year-to-year variability in such factors as yields, as well as longer-term changes in system 
performance, such as soil degradation through erosion and organic matter depletion. Short-term 
variability driven by weather often masks long-term trends associated with soil degradation, and 
their impacts may become large before beginning to be appreciated. 

In Africa, inadequate rainfall is the primary source of variability that generates risk in 
agricultural production. While rainfall is often a limiting factor, low soil fertility is also 
widespread and often prevents farmers from taking advantage of the better rainfall seasons when 
they do occur. In some zones, excess rainfall can exacerbate deficiencies in nutrients such as 
nitrogen. 

Systems 
This paper is focused on the biophysical dimensions of agricultural production systems. 

Within this framework we can think of a range of inputs (some uncontrolled such as weather, 
some controlled such as seed, fertiliser, etc.), a range of sub-systems associated with soil, crop 
and animal elements, and a range of outputs. These outputs are not just grain, stover, or animal 
products, but also include the state of the soil resource from year to year and generation to 
generation, as well as the off-site impacts of agricultural production, such as nutrient, pesticide, or 
soil loss to waterways and other components of the environment. 

This biophysical system operates within a wider management system or human activity 
system and alongside other systems, such as a market system for sale of outputs and presumably 
the pricing of inputs. While these management, marketing, and human activity systems are 
beyond the boundary of the biophysical system that is the focus of this paper, we need to keep 
this broader context in mind. It is the interface of the biophysical and human activity systems that 
is the real focus for the project being planned in this workshop. 
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The place for models in farmer participative research 
Farmer participative research has as a goal the equal valuing of the farmer as a participant 

in the research process. One view of where models fit into this relationship between research and 
farmer is illustrated in Figure I. 

Researchers and biophysical systems 
Researchers have generally captured their understanding of the processes that control the 

behaviour of biophysical systems via mathematical models, often simulation models. In many 
situations, particularly in the area of engineering and process control, simulation models have 
played an important role in system management. The use of mathematical models to describe and 
optimise performance in relation to management is referred to as "Operations Research". 
McCown et aI. (1993) have examined the evolution of simulation modeling in agriculture in the 
context of operations research and questioned the assumption that the models have the same role 
in systems like agriculture, which encompasses a much larger dimension of human activity. 

Farmers and biophysical systems 
Farmers are not unaware of the biological and physical forces that influence or control 

the systems they manage. While they do not have explicit mathematical models, they may often 
have some rules that they can express as to how the biophysical system operates. An example 
might be a rule whereby they plant a certain crop only after a certain date or when they apply 
manure to some soils but not to others. Such heuristics, or "rules of thumb", can be considered the 
models used by farmers to interpret the biophysical world in which they operate. 

Researchers and human activity systems 
Researchers have always sought to influence farmer decision making in ways they 

believe should be beneficial to those farmers. When the decision making was complex they have 
turned to decision support systems (DSS) as a means of engaging within the human activity 
system and influencing decisions. Often computer-based DSS provide information on 
management options in relation to a set of circumstances, hopefully as relevant as possible to the 
circumstances of the user. Frequently information from simulation models has formed the 
foundation for DSS (Woodruff 1987). When viewed in terms of direct and on-going usage in 
decision making, the impact of DSS has been disappointingly limited. There have often been 
more intangible spin-offs of DSS development-such as in the synthesis of information and the 
development and communication of concepts-that no longer require the on-going use of a DSS 
for successful application. 

Farmers and human activity systems 
Participative research seeks to operate and have impact in the lower right-hand cell of the 

matrix in Figure 1, where farmers have no formal models of their system, but where their 
behaviour is the net result of their goals, experience, knowledge, judgement, intuition, skills, etc. 
Clearly, formal computer-based DSS are inappropriate tools for use in such situations in the 
developing world and maybe also the developed world. 
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The challenge facing the project that is the subject of this workshop is to find effective 
ways in which valid insights from researchers (and their models) can be incorporated into farmer 
experience. The learning needs to be two-way, as participative research with farmers generates 
the right questions for researchers to address and provides a reality check on researchers' 
conceptions of system constraints and the performance of various technologies. 

Previous experience in cropping systems modeling in Southern and Eastern Africa 
Using models to explore issues of agricultural system performance in eastern and 

,southern Africa is not new. In this section we briefly outline some relevant prior studies. Most 
effort has been on single-crop issues, where the focus is yield in relation to management and 
climatic risk. To date there has been limited attention to issues of agricultural system 
performance, whereby effects of crop rotations, mixtures, soil water, and fertility management are 
examined in terms of productivity and maintenance of the soil resource base. 

Eastern Africa 
The history of modeling in Kenya, starting with simple empirical models of yield and 

rainfall, and adding elaborations such as germplasm, fertility, and plant populations, has been 
reviewed by Keating et al. (1992a). During 1985-1990, the CERES-Maize model (Jones and 
Kiniry 1986) was adapted to the low-input, semi-arid conditions of eastern Kenya and used 
extensively to explore issues of water and nitrogen management. Reports of model development 
and testing can be found in Keating and Wafula (1991), Lenga and Keating (1991), and Keating 
et al. (1992b). Reports of model application are to be found in Keating et al. (1991), Keating et al. 
(1992c), McCown and Keating (1992), Keating et al. (1994) and McCown et al. (1992a). Models 
were also used to explore "response farming" (Stewart 1984), namely the adjustment of inputs in 
light of early seasonal conditions (McCown et al. 1992b, Keating et al. 1992d, Wafula et al. 
1992). 

The experiences with CERES-Maize in Kenya were influential in the development of the 
Agricultural Production Systems Simulator (APSIM), an activity which commenced in 1990. 
APSIM provides a flexible framework for agricultural systems simulation, in which biological, 
environmental and management modules communicate via an "engine" or message passing 
system (McCown et al. 1996). APSIM addresses the issues of short- and long-term system 
performance which could not be adequately addressed in the earlier work in Kenya. These issues 
include rotations with legume crops, intercropping and soil erosion. The development of a 
carbon/nitrogen balance that was valid in long-term simulations, the incorporation of a soil 
microbial biomass pool for short-term studies incorporating legumes, and the inclusion of a 
residue module have been important developments (Probert et al. 1997). In addition, the 
experiences with modeling conditional management associated with response farming in Kenya 
strongly influenced the development of a highly flexible and powerful MANAGER module in 
APSIM. APSIM continues to be used in Kenya and activities in the ACIAR funded CARMASAK 
project. Contributions are being made in new module development in areas of phosphorus, 
manure, and pigeon pea, and further model testing in areas of soil fertility and soil erosion. 
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Southern Africa 

The CERES-Maize model has been used prolifically throughout southern Africa. 
Thornton et al. (1994) simulated a range of management options in fertilizer timing and quantity 
in relation to weather-related risks for Malawi. This model was then linked to a Geographic 
Information System to provide information at a regional scale, providing a powerful tool for both 
policy makers and researchers. Harrington and Grace (1998) also used CERES-Maize to 
investigate N fertilizer response in Chitedze, Malawi. They found that if 60-120 kg N ha· 1 could 
be applied, annual yields of 2-3 t ha" were consistent, irrespective of climate variability. In 
Zimbabwe, Phillips et al. (1998) used CERES-Maize to simulate yields based on ENSO (El 
Nino/Southern Oscillation) climate predictions. In South Africa, extensive testing and 
modification of the model has been carried out (De Vos and Mallett 1987; Du Toit et al. 1994a), 
including the production of genetic coefficients for 21 varieties (Du Toit et al. 1994b). Other 
examples of simulation models used in southern Africa which include both plant and soil 
productivity are the Erosion Productivity Impact Calculator (EPIC) (Rohrbach 1998), CENTURY 
(Woomer 1993) and PUTU (Singels 1992). 

The Modeling Process 

Model choice 
There are many models that simulate different crop, soil, or system dimensions of 

agriculture. Choice of a suitable modeling approach depends on the objectives of the study and 
the degree to which different modeling tools match these objectives. In addition, availability of 
suitable model input data and modeling support will influence selection. A recent review of 
cropping systems models has been prepared by Carberry et al. (1997). As discussed above, 
DSSAT (CERES-Maize), EPIC and APSIM have been used extensively in eastern and southern 
Africa. EPIC (Williams 1983) was probably the first true agricultural systems model and it has 
been applied for a host of issues relating to erosion and productivity, even beyond its original 
design. The attractiveness of EPIC lies in its ability to simulate a broad range of systems (using a 
generic crop model) and many system phenomena, ranging from tillage effects on soil erosion to 
the fate of pesticides in cropping systems. The dilemma with EPIC is that, in trying to simulate 
many responses in a system, it has needed to sacrifice detail in some of the relationships that 
describe each component process. This is most pronounced in the simulation of the finer variation 
in crop performance in relation to weather and management (Steiner et al. 1987). 

Towards the other end of this capability-accuracy spectrum is the DSSAT (Decision 
Support System for Agrotechnology Transfer) software (Urehara and Tsuji 1992). DSSAT 
evolved as a user environment, where the extensive range of IBSNAT crop models could be run 
with their own soil and nitrogen balance models. Recent versions of DSSAT have implemented 
crop sequencing, achieved by passing the necessary soil water and nutrient data via output files 
between crop models. A strength of DSSAT has been the effort placed in input file databases and 
output data processing, but the limited systems capabilities (erosion, intercropping, nutrients 
other than N, and aspects of soil organic matter dynamics) have remained limitations. 
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APSIM was designed as a systems simulator that retained the elaborate treatment of the 
crop and to a lessor extent pasture modules (akin to DSSAn, but provided a robust systems 
simulation environment (somewhat akin to the concepts in EPIC, but with a larger investment in 
modular software design). APSIM is really a software environment which consists of models of 
elements of a system (referred to as modules) and a communications system (engine and module 
interfaces) that allows modules to share information (McCown et al. 1996). While the software 
protocols used in APSIM are general, development to date has focused on agricultural systems 
and especially crop, soil and management elements. Pasture and to a lesser extent, grazing 
elements have received only minor attention to date. APSIM reflects a conceptual view of 
agricultural systems that includes: 

•� The notion that the soil is the central continuing element; crops pastures and managers of the 
land come and go, finding the soil in one state and leaving it in another state. 

•� The notion that not all potential elements of a system are important or relevant to a particular 
issue. Hence, modules can be "plugged-in" and "pulled-out" without affecting the software 
integrity. Related to this is the notion that alternative approaches will exist to the simulation 
of a particular component. The ability to easily replace one module with an alternative 
promotes a healthy exploration of modeling strategies. 

•� The notion that the temporal resolution needed to adequately interpret the behaviour of some 
part of the system will vary with the process under consideration. Hence, while a great many 
processes are considered on a daily basis, variation in time scale is possible; for instance, less 
than one hour for a water balance module (SWIM, Ross 1990) redistributing water during a 
rainfall event, to more than three months for a crop module returning roots to soil organic 
matter pools. 

APSIM capability 
Modules currently available for APSIM are summarised in Table I. Full model 

descriptions and evidence of model performance are contained in the associated publications. 

An example of APSIM application 
A range of soil water and nitrogen management treatments were established in a long

term experiment in Machakos, Kenya, in 1989. The experiment continues to this day and data is 
collected on soil and crop processes, including runoff and soil loss. A major objective of current 
modeling efforts in Kenya is to use the data collected over the last 8 years in model testing and 
calibration. While this work is on-going, a simulation study exploring the performance of the 
treatments (Table 2) over an extended climate record is helpful in illustrating the role the models 
can play in extending the results of such expensive and time consuming experiments. The 
simulations were run from 1957 to 1986. Two crops per year were simulated under the bimodal 
rainfall regime of the region. Long-term average yields, runoff and soil loss simulated by APSIM 
are given in Figure 2. Both short- and long-term variability in system performance, as assessed by 
the model, is illustrated for yield and soil loss in Figure 3. Contrasting low- and high-input 
systems are presented. Note the large seasonal variability and the slow downward trend in 
simulated maize yields in the low input system. This latter effect is associated with rundown in 
soil organic matter from both mineralisation and erosion of surface soil. The variability in grain 
yields can be expressed in the form of a cumulative distribution function (Fig. 4). While high 
yields are possible in the wetter seasons in the presence of high inputs, it is the relative 
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perfonnance of treatments in the lower quartile that will dominate fanner perception of risks. 
Finally, as well as exploring issues of year to year variability, the models are powerful tools for 
considering issues of long-tenn slow changes in system state. This is illustrated in tenns of the 
simulations of total soil organic N over the 28 years of historical rainfall record (Fig. 5). 

The simulations presented here are not seen as definitive analyses based on the best 
available data. Instead, they are "first passes" at simulating some very complex issues. The full 
value of the modeling approach will only come when the models are much more widely tested 
and where necessary adapted on the basis of past and current data collection and experimental 
activity. 
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Table 1. Some modules currently available or under development for APSIM. 

Module Module 
group name Description 

Crops NWHEAT 
CWHEAT Wheat crop models 

SORG Sorghum crop model 
OZCOT# Cotton crop model 
SUNFLOWER Sunflower crop model 
MAIZE Maize crop model 
BARLEY Barley crop model 
COWPEA Cowpea crop model 
PEANUT Peanut crop model 
CHICKPEA Chickpea crop model 
PIGEONPEA Pigeon crop model 
MUNGBEAN Mungbean crop model 
MILLET Millet crop model 
SUGARCANE Sugarcane crop model 

Pasture Stylo Annual Stylosanthes 
pasture model 

GRASP Tropical and subtropical 
native grassland 

LUCERNE Lucerne pasture model 

Soil SOILWAT "Tipping bucket" style 
water balance 

SOILN Comprehensive soil N 
balance 

SWIMv2* Water and solute flux 

SOILPH Soil acidification model 
PHOSPHORUS Soil Pmodel 

Soil RESIDUE� Decomposition of crop 
and pasture residues at 
the soil surface) 

SURFACE� Soil surface physical 
properties 

EROSION� Soil and nutrient 
removal associated 
with erosion 

# By arrangement with CSIRO Plant Industry 
* By arrangement with CSIRO Soils 

Reference 

Probert et al. 1995� 
Meinke (1998)� 
Hammer and Muchow ( 1991)� 
Hearn and Da Rosa (1985)� 
Chapman et al. (1993)� 
Carberry and Abrecht (1991 )� 
Goyne et al. (1996)� 
Adiku et al. (1993)� 
Hammer et al. (1992)� 
In preparation� 
In preparation� 
In preparation� 
In preparation� 
Keating et al. (in press)� 

Carberry et al. (1995)� 

McKeon et al. (1990)� 
Under development� 

Probert et al. (1997)� 

Probert et al. (1997)� 
Verburg et al. (1997)� 
based on Richard's Eq.� 
and C-D Eq.� 
Under development� 
Under development� 

Probert et al. (1997� 

Under development� 
Littleboy et al. (1992)� 
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Table 2. Treatments included in simulation study 

N rate Density 

Treatment (kg Nlha) (plants/m2 
) Stubble 

Bare Fallow 

Traditional low input 0 2.2 Remove 

,Traditional + residue 0 2.2 Retain 50% 

Intercropping (maize/cowpea) 0 2.2/5.0 Remove 

Moderate input 40 - 70* 5.3 Retain "extra" over traditional 

High input 40  100* 5.3 Retain all 
* N rates adjusted based on early seasonal conditions. 

Bio-physical 
tem 

Simulation 
Researchers Models 

Figure 1. A matrix view of relevant researcher and farmer models in the context of the 
biophysical and human activity systems. 
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Figure 2. Long-term averages from the simulation study. (a) grain yield, (b) runoff, and (c) 
soil loss. 
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Figure 3. Time trends in (a) grain yields and (b) seasonal soil loss, associated with 
contrasting treatments simulated by APSIM at Katumani over the historical rainfaH 
record. 
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Figure 4. Cumulative distribution functions for a range of treatments simulated with 
APSIM over the historical rainfall record at Katumani, Kenya, 1957-87. 
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Figure 5. Changes in total soil organic N over the 1957-1986 rainfall record for Katumani, 
simulated by APSIM. 
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Discussion Group Reports 

Section 1 - Discussion Session on Project Overview 

Role Person 

Chair Sieglinde Snapp 

Technical resource persons Larry Harrington, David Rohrbach 

Rapporteur Isaiah Nyagumbo 

Summary 

In this session, the two projects examined in the workshop were presented in general terms, 
leading to initial discussion on the broad shape of each project and the issues that both projects 
face. It is important to note that the projects have much in common, including the use of crop 
simulation models to assess technology performance, guided by farmer participatory research. 

In this section, an outline summary of project descriptions is given, along with a synopsis of the 
related discussion. Much of the discussion centered on the selection of APSIM for crop 
simulation modeling. More detailed descriptions of each project are provided in separate sections. 

Overview ofa NARSsl CIMMYTI APSRU project, "Improving risk management strategies of 
resource-poor farmers in drought-prone maize-based farming systems in southern Africa. " 

I.� The Soil Fertility Network has successfully examined a range of "best bet" technologies for 
improving the productivity and sustainability of maize systems. 

2.� Necessarily, however, Network research has been restricted to a few sites and a relatively 
small number of years. 

3.� The NARSI CIMMYTI APSRU Project proposes to assess the performance of these 
technologies under a wider range of climate and conditions, using crop simulation modeling 
tools, particularly APSIM. 

4.� The Project also proposes to generate information on possible long-term consequences of 
technology adoption for soil quality, again using APSIM. 
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5.� However, it is known that farmers have strategies for managing risk (crop management, land 
management, system management). Participatory research with farmer panels can help us: 

•� Better understand farm-level risk management and livelihood strategies. 

•� Frame more sensible and relevant questions about the "best bet" technologies to be 
addressed by models. 

•� Better interpret model output. 

•� Possibly uncover farmer-developed soil fertility management strategies that also may be 
considered "best bets." 

1.� GIS can help us organize our results and interpret them spatially, for a clearer picture of 
implications for technology dissemination. 

2.� Interaction with a similar ICRISAT Project can help in: 

•� Organizing data sets. 

•� Assessing research methods. 

•� Mounting training activities and research planning and reporting workshops. 

•� Increasing the efficiency of our interaction with APSRU. 

Overview ofa NARSs/ feRfSAT/ APSRU project - ((Linking crop simulation modeling and 
farmer participatory research to improve soil productivity in drought-prone regions." 

Objectives� 

] . Diagnose constraints to the adoption of available technology under risky conditions.� 

2.� Develop and disseminate practical technology options. 

3.� Develop the capacity of NARSs to diagnose adoption constraints. 

4.� Quantify impacts of policies on adoption. 

Infonnation required· activities 

1.� Inventory of available technology and baseline on adoption rates. 

2.� Inventory of farmer fertility management practices. 

3.� Model validation (APSIM). 

4.� Model application to evaluate technologies (APSIM). 

5.� Pursuit of extrapolation to a GIS database on soil fertility management practices. 
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Issues 

1.� Risk: how important is risk as a constraint to adoption relative to other constraints, e.g., 
capital scarcity; how do we measure and model risk. 

2.� Recommendation targets: do we aim to generate ideal or optimal technology, or do we try to 
generate additional options for farmers? 

3.� Objective of research: evaluate scientists' best bet practices or answer farmers' questions? 

4.� Best bet technologies identified by scientists; extrapolation or scaling up could be 
accomplished either through AEZ or adoption domain resources, depending on farming 
objectives. 

General discussion on the broad shape ofthe two projects 

1.� Why are both projects only considering the APSIM model without looking into other models? 
Are we tied to APSIM? 
There are a number of reasons why both projects feature the use of APSIM simulation 
software. APSIM is an enormously powerful tool for crop simulation modeling and in genera] 
is well suited to the purposes of the two projects. Apart from technical reasons, there are also 
research management reasons for choosing APSIM. For example, the modeling unit at 
ICRISAT supports APSIM, but not the OSSAT set of models. Similarly, donor funds 
available to support the CIMMYT-Ied project are meant, among other things, to encourage 
CIMMYT scientists and their NARS research partners to become better acquainted with 
APSIM. Finally, training in APSIM use is available through APSRU. It is important to note, 
however, that both projects feature APSIM but neither is required to use it exclusively. 

2.� leRISAT staffare concerned about APSIM modules important to project success that still 
have not been completed: the so-called missing modules on manure and phosphate. Will this 
problem hinder project implementation and the timely achievement ofproject objectives? 
APSRU staff member Brian Keating assured the group that the modules on manure and 
phosphate will soon be ready. He noted that the P module is already working, with the 
manure module soon to follow. He recognized that APSIM is fully tested only for N, and that 
a model validation phase must follow, wherein it will be important to distinguish between any 
problems in the performance of the modules and measurement problems in the data used for 
their validation. 

3.� Is it possible that the C1MMYT-led project is too ambitious, and that a longer time 
commitment may be needed/or model development, testing, and application? 
We believe that accelerated work on data collection for model testing and validation will 
make it possible to apply APSIM for the purposes of the project within the agreed time frame. 
The project contains resources for such accelerated data collection. 
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4.� It is important to get locally available data as soon as possible for model testing. Where is 
the data to come from to satisfy model requirements? 
Project affiliates seconded from local NARSs will make an intensive near-tenn effort to pull 
together required climate and soil data, plus related crop perfonnance data. In addition, 
project resources will be available as early as the 1997-98 crop season to support efforts by 
NARSs focus groups to increase the intensity of data collection in on-going research 
activities. 

5.� Is there an iterative process between the use ofparticipatory research and the application of 
crop simulation modeling? 
Yes. Participatory research methods will be used to help understand the context within which 
crop and land management technologies must be evaluated and help frame sensible, 
important questions for simulation models. Farmers also will provide insights into 
management options that may not have been considered by researchers or extension workers. 
Subsequently, fanners will provide a reality check on the output of simulation exercises. In 
tum, models will be used to assess the perfonnance of technologies under a wide range of 
climate, soil and management conditions. It would not be possible (because of costs) to 
provide such a thorough assessment through conventional agronomic experimentation or 
participatory experimentation. The creative back and forth flow of information between 
farmer groups and modeling experiments is fundamental to both projects. 

6.� What role might extension have in the projects? What information do extension workers 
require relative to the riskiness ofalternative technologies? 
It was explained that climate was a major risk element. Mr. Pompi (AGRITEX) noted that he 
feels that rainfall patterns have changed since 1980, and that it is important to understand the 
performance of technologies under different rainfall patterns. 

7.� Some workshop participants felt that methods for crop simulation modeling are well 
developed, whereas methods for farmer participatory research are not so highly developed. 
At least, a synthesis on how to implement farmer participatory research is not readily 
available to local researchers. Can something be done about this? 
The Soil Fertility Network has commissioned a paper to review farmer participatory research 
methods, this will be available to participants in the current projects. FARMESA is also 
conducting a local study of farmer participatory research methods. 

8.� What are some differences in the approach used by the two projects? 
In the CIMMYT-Ied project, the emphasis is on maize system technologies that are being 
explored by researchers, with a secondary emphasis on fanner experimentation and 
technologies developed by farmers. In the ICRISAT-Ied project, the emphasis is very much 
on farmer experimentation. 

9.� Would it be useful toformally modelfarmers' decision making systems? 
Yes, it would, but this goes outside the scope of the projects, given the resources available. 
There are, of course, many factors governing adoption of technologies. The biophysical 
performance of technologies and related risk are only two. However, formal modeling of 
farmer decision-making is vastly more complicated. For the purposes of these two projects, 
we feel that farmers' qualitative assessments on the attractiveness of technologies and how 
well they mesh with livelihood strategies will suffice. 
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Section 2 - Discussion Session on Issues in Crop Simulation Modeling 

Role Person 

Chair Herbert Murwira 

Technical resource persons Peter Grace, Brian Keating 

Rapporteur Todd Benson 

Summary 

This session began with introductory comments by the Chair, followed by brief presentations by 
one of the technical support persons on issues in the use of crop simulation modeling for project 
purposes. The session concluded with a general discussion of these issues, with a large number of 
workshop participants taking part. Both technical support persons were exceedingly helpful in 
this discussion, which focused on data requirements for model validation, model applications, and 
whether the technologies and issues of interest are amenable to a modeling approach. 

Chair's introduction 

The Chair introduced the session by noting that (in the case of the projects being discussed) 
simulation modeling and farmer participatory research are two pathways that aim to arrive at the 
same goal-the generalization of soil fertility management practices in the face of considerable 
physical and economic variability. He warned, however, that the impact of these approaches for 
this purpose remains to be demonstrated. Impact must be shown in terms of the accelerated 
adoption of technology and management alternatives, along with an improved understanding of 
their performance under stress conditions. Finally, he posed the questions of how we extrapolate 
research results, how we more effectively define recommendation domains, and the roles of 
modeling and farmer participatory research in achieving these. 

Presentation by a technical support person - Peter Grace 

Peter Grace, soils scientist of CIMMYT s Natural Resources Group in Mexico, gave an overview 
of some of the generic issues associated with modeling that confront the projects. First, however, 
he reaffirmed the importance of the link between farmer participatory research and modeling, 
emphasizing the feedback of field experience to the models. What we model must reflect the real 
world as farmers experience it. 
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Data requirements of models were then introduced. Good data is required for good crop model 
output, of course. This implies that precise, reliable measurements are needed (though a possible 
trade-off between quality and quantity of data is recognized). The NARS focus group efforts in 
data collection and management must result in high quality data. Minimum data requirements for 
modeling are well known, among them: 

•� Climate data on a daily basis (maximum! minimum temperature, rainfall, solar radiation). 

•� Soils data (organic matter [C and N], mineral N, soil water). 

•� Genetic coefficients for the crops we wish to model. 

•� Crop management practices, including residue management, planting density, soil fertility 
management, other management details. 

•� Monitoring of outcomes, including: 

- events (germination, anthesis, maturity dates). 

- yield components (biomass, stover, grain number, yield, N-content). 

- mineral Nand P. 

- soil water. 

- disease incidence, weed incidence. 

- soil organic matter (C, N, and P). 

It was noted that models are idealistic, whereas we need to be realistic. From the above several 
additional issues emerged: 

•� What soil fertility management or crop management strategies will we model? This will� 
determine the minimum datasets and requirements for the model used.� 

•� How should minimum datasets best be managed so input files can be generated effectively 
and efficiently, thus allowing modeling to move forward quickly? 

•� What is the scale of analysis-plot, farm, site, watershed, region? How do we choose? Do 
we choose many sites, or focus on a few, relatively well characterized sites? 

•� What are economic implications of model outputs, and how can they be used to help inform 
relevant policy debates? 

•� What training and technical support is required for NARSs partners to use models 
effectively? Who should be trained? We need individuals who are enthusiastic and who are 
capable of conveying model outputs to those most in need of receiving this information. 
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Finally, it was suggested that the choice of model (e.g., APSIM vs. DSSAn was not the most 
important question; the modeling issues noted above are relevant regardless of which model is 
used. Note that individual models can and often are modified! 

General discussion on issues in crop simulation modeling 

Discussion was fast-paced and wide-ranging, skipping from topic to topic with considerable 
speed. These notes aim to regroup discussion results into a smaller set of topics. 

Model selection 

A few general statements were offered relative to choice of models. 

•� Models are sensitive in terms of where they are useful. 

•� It is important to be clear about the range of environmental conditions under which a model 
can be used. If a model is used beyond these limits, model error becomes unknown, as some 
of the underlying functions are non-linear. 

•� We should choose our models based on the aim of our research. 

•� APSIM should cover our aims. However, if it proves to be inappropriate, it should be 
dropped and another model or set of models substituted. 

Data requirements for model validation 

It was noted that the most intensive data requirements are for model validation. For scenario 
evaluations, data requirements are less demanding. Arguably, however, validation is an on-going 
process needed to ensure that model use is appropriate under conditions different from those of 
the original sites and given changes over time in management strategies to be assessed and even 
in soil quality parameters. 

Data quality in soil chemistry analysis was said to be a cause for concern. High quality soils data 
are expensive to obtain. This led to a generalized discussion on soil laboratory capacity in the 
region. Some participants suggested that the projects should invest in improvement of laboratory 
facilities. Others disagreed, noting that concerted efforts along these lines have been made in the 
past, with little improvement. In addition, it may be possible to partially correct biases in current 
soil laboratory measurements by considering past measurements-these will be highly correlated. 
It is very much a second-best approach, however. Peter Grace noted that there are low-cost 
reliable instruments that can be used directly in the field, circumventing the need for some 
analysis hitherto performed in soil analysis laboratories. 

A question was raised on the need to incorporate into the dataset factors associated with the usual 
awkwardness of on-farm research; e.g., goats, weeds, etc. It was recognized that it is critical that 
such factors be brought into the assessment of any trial to be used for model validation. 
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Usefulness of models in drought-prone areas and availability of weather data 

Concerns were raised about the efficacy of the models in drought-prone areas. Brian Keating 
noted that a normal margin for error in yields is around 300-500 kg/ha, so the lower the yield, the 
higher the CV. 

There are some problems with weather datasets; e.g., missing data, measurement errors, and 
tabulation mistakes (leading to nonsense data). These problems can be dealt through use of 
synthetic datasets developed through weather generators. Synthetic datasets can be used for 
model applications but cannot be used for model validation; real data series are required for this. 

It was noted that short, intense rainfall events can introduce errors into simulations. Crop models 
usually use daily rainfall and have trouble coping with the intensity of a short sharp event. Brian 
Keating observed that typically there is a balancing out of sharp events with soft rainfall events; 
across a cropping season any such errors should be relatively small. 

Model application 

At one point, the Chair asked participants to identify issues that lend themselves well to 
modeling, particularly with APSIM. The following list is not exhaustive: 

•� Climate issues-response farming and the like. In general, modeling is adept at assessing 
management response to climate variability; e.g., how one should manage a crop planted in 
the first wet year after a series of dry years. 

•� Residual soil benefits are readily captured by the model. The residual value of past fertility 
inputs can be calculated. 

•� The incorporation of different sources of organic fertilizer into organic x inorganic research 
can be simulated, within limits. Generic coefficients for alternative green manure species can 
be developed, sufficient for the purposes of the research. 

• Grain legumes are more difficult to model; much crop phenology must be specifically 
incorporated. However, specific modules for major grain legumes have already been 
developed or are under development. 

• Surface residues and incorporation residues can be handled. However surface roughness 
brought about by tillage is not captured. An alternative soil water module is needed to 
incorporate that effect of tillage. 

•� Through modeling it should be possible to assess the effects on yield of delayed planting and 
fertilizer application, as well as split applications of fertilizers, including (with a newly 
developed module) phosphate. 

•� Plant populations is one theme which APSIM is very well adapted to consider. 
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Themes that are less amenable to modeling include: 

•� Although APSIM is all right for crop associations, it does not handle strip-cropping or 
hedgerow intercropping very well. 

•� Pests and diseases are difficult to assess wholly within modeling. 

•� Weeds are more difficult to deal with, though weed pressure can be handled by treating the 
weed as an intercrop which competes with the main crop. 

•� A module of ASPIM for manuring is required (coming on-line soon). 

•� Models do not handle micronutrient deficiencies well, tending to overpredict. Such 
deficiencies are said to be uncommon, and model developers have concluded that it is not 
worthwhile to incorporate them. 

Models and risk 

Security of rainfall is the primary risk in maize systems in much of the region. Simulation models 
aim to assess the performance of different management practices under different climate 
scenarios, including long-term scenarios. 

In addition, it is important to learn something about capital risk. To what extent are farmers 
investing in soil fertility management strategies and to what extent are they therefore financially 
exposed? For defined technologies, what is the rate of capital loss over a given number of 
cropping seasons? How can the risk of loss be reduced by adoption of improved management 
practices? 

Modeling is an important element in helping farmers as well as researchers get a better 
understanding of the probability of success with a particular technology, as well as the probability 
of failure or loss and a sense of how large the loss might be. 

Farmer participatory research modeling interface 

A major question remains: how can the output of simulation models be explained to farmers?� 
This will be one of the major challenges for the Risk Management Project Research Affiliates and� 
the NARS focus groups.� 
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Section 3 - Discussion Session on Participatory Research 

Role Person 

Chair Geoff Heinrich 

Technical resource persons Sue Walker 

Rapporteur Edward Chuma 
< 

Summary 

This session encompassed a discussion of how fanner participatory research could be applied to 
facilitate the delineation of hypotheses for modeling and evaluation of modeling results. Some of 
the workshop participants had experience with fanner participatory research, and some with 
modeling. But little experience was available on the linkage between these research techniques. 
Correspondingly, the discussion of this linkage was wide ranging and preliminary. Most of this 
related to the development of capacities to conduct farmer participatory research. Much of the 
discussion involved questions about the appropriate focus of fanner participatory research, rather 
than the proposal of specific participatory research strategies. The group concluded that further 
discussions on this issue were needed, perhaps after reviewing the range of participatory research 
activities already underway in Zimbabwe and Malawi. The following is a brief summary of issues 
raised during the course of the group discussion. 

Paradigm shift 

Framer participatory research requires a paradigm shift on the part of most research scientists, or 
at least a shift in attitude in working with fanners. Fanners need to be seen as sources of 
infonnation relating to technology design, and not simply users of technology developed by 
research. 

Objectives of fanner participatory research 

Scientists need to clarify the objectives underlying their interaction with fanners. What does 
'participation' involve and why is this important? When 'participating' with fanners, whose 
objectives are important, the scientist's or the fanners or both? How are these views articulated 
during the course of participation. Fanner participatory research can encompass techniques of 
needs assessment and monitoring of research impacts. 

Target groups 

Fanner participatory research requires careful consideration of target populations. This 
encompasses consideration of target communities and target fanners within specific communities. 
Should better than average fanners be chosen because these are easier to work with and more 
likely to provide useful interaction, or should average fanners be chosen? What are the 
implications for scaling up of the results of this research exercise? Special care needs to be taken 
in approaching communities to solicit collaboration in participatory research and modeling 
exercises. 
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Linkages and the range of partnerships 

Fanner participatory research should not involve links only between research scientists and 
fanners, but also with related community organizations working on agricultural issues, including 
extension, non-governmental organizations, and traders. Sometimes policy issues are important 
detenninants of technology design, implying that politicians or policy makers should sometimes 
be involved. 

Techniques and capacity building 

Farmer participatory research may draw on an extensive array of techniques, including surveys, 
group meetings, fanner panels, etc. Participants voiced the need for human resource development 
in many of these participatory research techniques. A starting point may be exercises designed to 
promote recognition of the value of participatory research for scientists who have never 
conducted such work. Participants also noted that, since quality interactions with rural 
communities take time, long-tenn commitments were required. Capacity building could usefully 
begin with a review of past and on-going work in fanner participatory research in the two target 
countries. This review could be a continuous process. 

Linkages with modeling 

There may be a need for new modules relating to fanner decision-making in the crop systems 
simulation models. However, the practical usefulness of such modules was not known. Most of 
the discussion highlighted the value of needs assessment and monitoring exercises in providing 
modelers with infonnation about fanner priorities and technology design constraints. 

Resource commitments 

Fanner participatory research requires a substantial commitment of resources to detailed and on
going interaction with target fann communities. The scope of work for establishing and 
maintaining the linkage between farmer participatory research and modeling needs to take 
account of these commitments. To date, most discussions have emphasized resource 
commitments to modeling. 

Gender issues 

The issue of gender analysis as a component of fanner participatory research was raised with the 
question "how should this be best addressed?" A component of the capacity building effort may 
need to target this question more directly. Questions were raised about how to ensure that 
women's views were elicited in the context of participatory research. 

Systems boundaries 

Questions were raised about how to best define systems boundaries. Farmer participatory 
research tends to be location specific. Some of the work is oriented toward a holistic fann or rural 
community focus. In contrast, modeling tends to focus on specific crops and technologies. 
Generalizations are sought for broader agro-ecological zones. Further thought may be required on 
the trade-offs underlying decisions about system boundaries of targets for research focus within 
the fanning system. 
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Economic analysis 

Questions were raised about the appropriate scope of work for economic analysis. Should this 
target technology or be enterprise-specific? Should it involve assessments of whole-fann 
dynamics or evaluation of broader community investment objectives? Should analyses encompass 
policy? How should assessments of risk attitudes and the riskiness of alternative technologies be 
conducted? Presumably these should consider the trade-offs farmers consider in decision making 
across the farming system. 
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Section 4 - Discussion Session on the CIMMYT-led Project 
Introduction and Overview 

Role� Person 

Chair� Mulugetta Mekuria 

Technical resource persons Larry Harrington 

Rapporteur� Jean Nzuma 

Summary 

In this session, details of the CIMMYT-Ied project were presented and discussed by stakeholders. 
Emphasis was placed on project objectives, activities, expected outputs, and expected time line. 
The result of the session was a broad endorsement of the project. This section summarizes 
discussion results and provides excerpts from project documentation. 

Synopsis of the discussion 

The group discussions were opened by Larry Harrington, who gave a brief outline of the project 
structure and its significance. The project is being developed by CIMMYT, APSRU and NARS 
affiliates to study risk management in smallholder maize systems of southern Africa through 
combined crop simulation model (APSIM) and farmer participatory approaches. The project will 
improve linkages between NARS scientists, researchers, and farmers to assess the risk associated 
with maize systems under different climatic and soil environments. Through farmer participatory 
research, farmers' risk management strategies will be identified and assessed with models. Work 
with farmer panels and researchers will be guided by two hired NARS affiliates. CIMMYT will 
have a supportive role and will collaborate in trials. Information generated will be disseminated to 
influence policymakers. 

Mechanisms to achieve goals 

After highlighting objectives of the project, the group discussed action steps that would be taken 
to achieve goals. These were: 

1.� Adapt APSIM to the circumstances of maize systems under climatic risk to understand 
system performance and management alternatives under various conditions. The group felt 
that there was a wide range of options to be explored. 

2.� Affiliates could also use current data to address the above. 

3.� Strategies used by farmers to manage risk wilt be identified and incorporated into models. 

4.� A planning workshop was proposed for to familiarize participants with and validate the 
models. 

5.� Obtaining additional data for model verification would be out-sourced. 
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Project outputs 

I.� The group felt that some outputs were too ambitious, although most were key areas to the 
project. 

2.� An economic analysis of outputs was to be conducted using available data. However, any 
sophisticated analysis would require more resources than available through the project. 

3.� Project scientists were encouraged to draw on past results from research on farming-systems 
diagnosis and participatory research. 

4.� Useful information from the project could be disseminated to influence policymakers. 

Project time line 

I.� No issues were raised in this session pertaining to modeling. 

2.� For activities related to participatory research, it was observed that some members of the Soil 
Fertility Network were already interacting with farmers and were involved in farmer 
participatory research. With extra investment the group felt that there were lots of 
opportunities to build on what is already underway. 

3.� The scope of the project to include students to carry out certain activities was also discussed. 
With additional funds, the group agreed that they could commit students and other 
researchers to speed up work and to initiate additional farmer participatory research activities. 
Funding would also be made available to on-going research activities in line with the risk 
theme. 

Budget 

A t()tal of A$900 was reported to have been allocated for the three year project. These resources 
will be used for Research Affiliates selected from within the region, resources to be used by 
NARS focus groups, substantial support to APSRU for model development and testing, training 
of NARS staff, and a small amount of support to CIMMYT. 

Both the management and technical aspects have to be addressed to start the project. There was 
also need to identify current Soil Fertility Network activities that relate to the risk project and for 
participants to signal interest in including additional activities for the forthcoming season. 

Excerpts from the project document as submitted 

2.2.1 Objectives 

The overall goal of the project is to increase the productivity and sustainability of smallholder 
maize-based farming systems in southern Africa by accelerating the adoption of productivity
enhancing, resource-conserving practices in rainfed, drought-prone areas. Specifically, the project 
aims to help farmers, extension agents, researchers, and policymakers improve their 
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understanding of the trade-offs among different crop and cropland management strategies under 
scenarios of climatic risk. To accomplish these goals, the project has the following five technical 
objectives: 

1.� Adapt APSIM to the circumstances of maize systems in drought-prone areas of southern 
Africa. 

2.� Better understand the performance of maize system and maize cropland management 
alternatives under varying climatic conditions. 

3.� Better understand factors governing farmer adoption of improved maize system management 
practices, farmers' risk management strategies, and how climate risk influences adoption 
behavior. 

4.� Encourage adjustments in policies and institutional arrangements to accelerate adoption of 
suitable management alternatives, through an improved understanding among research 
managers and policymakers of how riskiness shapes adoption decisions. 

5.� Improve the capacity of NARS scientists to use models, GIS, and participatory research in 
technology generation and dissemination. 

2.2.2 Outputs 

The project will generate the following tangible outcomes: 

1.� APSIM modules (including documentation), adapted to southern Africa, and depicting 
smallholder maize-based farming systems in southern Africa, featuring simulations designed 
in light of farmer risk management strategies, and linked to a geographical information 
system. 

2.� Spatially referenced datasets for soils, climate, and cropping practices required for modeling.' 

3.� Local professionals trained in the design and use of simulation models and in farmer 
participatory research, to foster interaction around model design and deployment. 

4.� Initial findings concerning the economic viability under risk scenarios of current farmer 
practices and alternative technologies, and their long-term consequences on farming system 
productivity and sustainability in target countries. Details of research on economic viability 
will be discussed in the context of a possible NARS working group focusing on the economic 
analysis of risk. 

5.� Methods and materials to enable extension agents to engage farmers in assessments of 
alternative agricultural technologies (improved varieties, crop management practices, etc.) 
under risk scenarios, drawing on simulation models. 

I There will be a heavy emphasis in the project on the use of existing datasets. Long-term rainfall data (30 year series) 
are available from Zimbabwe for approximately 100 sites. For both Malawi and Zimbabwe, daily data for maximum 
and minimum temperature and precipitation are available for up to 15 years for another 30 sites, and the climate surface 
developed by John Corbett (formerly ICRAF. now Texas A&M) provides interpolated monthly data on a 5 km grid. 
Our collaborators in the region are also still investigating further sources of weather data. For soils data, we have access 
to soil surveys for both countries, but the availability of detailed soil profile descriptions needs further investigation. 
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6.� Interactive sessions with farmer panels to demonstrate alternative agricultural technologies 
under risk scenarios, leading to farmer experimentation with the more promising new 
practices. 

7.� More rapid adoption of suitable maize system management practices through more effective 
policies and institutions (including research and extension work) brought about by better 
informed debate--eontemplating technology riskiness and farmers' risk management 
strategies-among national stakeholders. 

2.3.2 Activities 

The project will operate at two levels: refinement of selected agricultural production simulation 
models to adapt them to the circumstances of maize-based smallholder farming systems in 
southern Africa, and the use of such models to communicate with farmers, technology transfer 
agents, researchers, and policymakers about suitable alternative technologies as elements of an 
integrated approach to agricultural risk management. 

There will be a heavy emphasis in the project on the use of existing datasets. Long-term rainfall 
data (30 year series) are available from Zimbabwe for approximately 100 sites. For both Malawi 
and Zimbabwe, daily data for maximum and minimum temperature and precipitation are 
available for up to 15 years for another 30 sites, and the climate surface developed by John 
Corbett (formerly ICRAF, now Texas A&M) provides interpolated monthly data on a 5 km grid. 
Our collaborators in the region are also still investigating further sources of weather data. For 
soils data, we have access to soil surveys for both countries, but the availability of detailed soil 
profile descriptions needs further investigation. 

The following points outline the overall activities of the project, which are subject to refinement 
through discussion with local collaborators in the joint planning sessions. 

Project start-up and operational logistics 

a) Organize working groups of interested NARS scientists: many of these already have been 
identified, and will participate in the project stakeholder workshop planned for October 1-3. 

b)� Develop project workplans with NARS scientists and managers: this step quite rightly is 
required by NARS managers to make sure that the project is consistent with NARSs' and 
scientists' interests; much of this will be done in the stakeholders workshop. 

c)� Recruit local research affiliates for modeling and participatory research applications: these 
affiliates will provide the link between CIMMYT staff and the NARS working groups. Special 
training will be needed for the modeling research affiliate in the use of APSIM. This is 
tentatively planned for late 1997. 

d) Annual planning meetings: so NARS managers, scientists, and other stakeholders can have a 
further voice in project development over time. 

Model development and use 

a)� Train NARS scientists in use of models and participatory research methods. Many scientists 
already have skills in these methods, and we will build on this base. The project will also 
obtain some needed equipment and train participants in its use. One training workshop per 
year is contemplated. 
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b) Review past and ongoing modeling applications related to maize-based systems in Africa, 
including the earlier work of APSRU in Kenya: to be done in collaboration with local research 
collaborators and working groups. 

c) Adapt simulation models to local conditions: with the working groups, adapt APSIM modules 
to the conditions of cropland areas of southern Africa where maize is important. This 
adaptation will feature an iterative process of testing simulations against field data. This 
activity may feature use of competitive research grants/subcontracting.2 

d) Explore ways of incorporating into the project research on the effects in southern Africa of 
ENSO (EI Nino Southern Oscillation) that is being done elsewhere in the region: the 
possibility of predicting weather conditions and consequences for farmer selection of 
management practices should be explored. 

e) Link model modules with GIS: by developing spatially interpolated soil, weather, and 
cropping system datasets, the models can be linked to GIS so that researchers can examine 
spatial variation in risk at the regional level. 

Interactions with farmer panels 

A five-step process is planned, as detailed below. Guidelines for executing this component of 
the project will be developed jointly with local partners. Collaborating working groups and others 
will be invited to submit proposals to subcontract the actual fieldwork, which will be funded 
through competitive grants. CIMMYT will supervise the overall implementation of the activity. 

a) Organize farmer panels for participatory research design and assessment: at least three panels 
of smallholder maize farmers will be organized in different areas of Malawi and Zimbabwe, 
probably two in Zimbabwe and one in Malawi. If resources allow, more farmer panels will be 
constituted as the project proceeds. Given the central role of women in maize-based farming 
systems in the region, panel composition will feature strong representation by women farmers. 

b) Elicit risk management strategies and concerns from farmer panels: within this general task, 
an explicit effort will be made to discern gender differences between male and female farmers. 

c) Design simulation exercises with farmer panels, aimed at assessing farm management 
alternatives under varying climatic conditions. 

d) Conduct simulation exercises: run simulations of the performance of management alternatives 
under varying climatic conditions, based on farmer panel suggestions and on technologies 
being developed by existing research networks. 

e) Assess simulation outcomes with farmer panels using participatory techniques: for example, 
maize yields (or biomass production, or legume production) for different management 
practices can be demonstrated for the current year and (based on model outcomes) for a weIl
specified drought year. Carryover effects also can be graphically demonstrated. Such 
demonstrations will be used to facilitate farmer debate regarding the relative attractiveness of 
management alternatives. 

This mode of project management will entail solicitation of competitive bids based on proposals from local working 

groups of researchers around well-defined project tasks. The successful "bidders" will be fully responsible for 

implementing work under CIMMYT supervision and guidance. 
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Utilize project insights and decision tools to foster development and adoption of improved 
technologies and policies 

a) Design and use decision support tools to explain adoption: generate tools (based on model 
outputs and their links with GIS, as interpreted through farmer assessment of simulation 
outcomes) to improve scientists and policymakers' understanding of factors governing farmer 
adoption or non-adoption of alternative management practices, especially those being 
researched by regional research networks, or suggested by farmer panels. 

,b)� Accelerate adoption by fostering stakeholder debate on policies: With the working groups and 
with NARS research managers and policymakers-use the improved understanding of 
adoption processes to influence research, extension, input pricing and supply, and other 
policies and institutional arrangements needed to accelerate adoption of suitable management 
practices. The detailed design and implementation of stakeholder debates between research 
managers and policymakers is postponed to a later planning meeting. Policies dealing with 
fertilizer supply and pricing, input transport, credit arrangements, green manure and tree seeds 
and seedlings, etc. are likely to be of importance. In practice, however, policy workshops of 
this kind will be guided by what is learned about factors governing adoption of new practices. 

c) Accelerate adoption by making available to research and extension workers (including NGO 
workers) information on project outcomes, particularly with regard to the performance of 
priority technical options under varying climate and soils conditions-along with information 
on where these conditions are concentrated. 

Evaluate project outcomes and the value ofthe methods developed in the project 

a) A wrap-up workshop will be held with all collaborators to consolidate findings and establish 
mechanisms to disseminate them to a wider audience. 

100� 



Discussion group reports 

Section 5 - Discussion Session on the CIMMYT-led Project 
Selected Technical Issues 

Role Person 

Chair Brian Keating 

Technical resource persons none 

Rapporteur Larry Harrington 

Summary 

This session was exclusively devoted to discussion. The emphasis was on what needs to be done 
in the near term to launch the technical side of the project, especially regarding crop simulation 
modeling. It was thought especially imprudent to lose the opportunity during the 1997-98 
cropping season to gather data needed for model testing. 

Discussion focused on the selection of research sites in Zimbabwe and Malawi for data collection 
efforts. After dealing briefly with issues of database management and plans for an APSIM 
modeling workshop, the remainder of the time was spent in eliciting alternative possibilities for 
investments in data collection during the forthcoming season. 

Site selection 

It was suggested that the crop simulation modeling component of the project focus on a relatively 
small number of sites, so that different systems and management strategies can be assessed at a 
given site. Soil Fertility Network staff suggested that the project employ some of their existing 
network sites, noting their wide geographic spread. Opportunities for adding value to current Soil 
Fertility Network site-level activities is an important criterion for site selection. 

A critical factor in site selection is data availability. Validation of crop simulation models is data 
intensive, especially with regard to a coherent set of daily annual weather records, along with soil 
profiles. This tends to point towards established research stations; e.g., Domboshawa in 
Zimbabwe. It was noted that the project's modeling affiliate will need to be fully trained in 
weather database management. 

The set of sites used for the modeling component of the project should feature a range of climatic 
circumstances. Caution is needed, however, that excessively wet sites not be chosen. (After all, 
this is a risk management project, focusing on technology performance under drought 
conditions!) 

For Zimbabwe, sites often mentioned included Domboshawa, Mangwende, Chiota and Makaholi. 
These and other sites need to be screened against the above criteria. One workshop participant 
suggested a three tier approach to site selection - one major research station, e.g., Domboshawa; 
a couple of sites in communal areas that are well characterized, e.g., Mangwende; and yet other 
sites chosen for specific research themes. This approach was widely praised within the discussion 
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group. In practice, a major influence on site selection will be the quality of research proposals 
submitted by different NARS focus groups! 

For Malawi, it was noted that there are two principle centers for Soil Fertility Network activity 
Bunda College and Chitedze. Both have weather stations, facilities for soils analysis, extensive 
research on green manure cover crops, rotations, etc. Note that there are numerous on-farm trial 
sites (fertilizer rates, grain legume - rotation trials), some of them close to these two principle 
stations. 

Database management 

Suitable database management will be critical to project success. Climate, soils, and crop 
performance need to be linked to data from farmer participatory research. This will be a major 
theme for the affiliates and their advisors. Data collection and management is an important area 
of collaboration between the two projects and with other projects within the region (initiatives 
dealing with climate change and consequences for focus groups). 

Examples of possible support for NARS focus groups 

There was some preliminary discussion of opportunities for funding of research by NARS focus 
groups for the 1997-98 crop season. However, no definitive decisions on these were made during 
the workshop. Examples of possible themes are listed below. NARS focus groups will be formed 
in a forthcoming APSIM workshop and will then develop more specific proposals. 

•� Purchase of a notebook computer for weather downloading for existing automatic weather 
stations in Zimbabwe. 

•� Improved soil sampling equipment for research in Malawi on inorganic x organic fertilizer 
management. Example - well designed augur for small plot sequential sampling. 

•� Collection and compilation of rainfall and soils data complementary to existing experiments 
by Soil Fertility Network members. 

•� Characterization of high priority germplasm for modeling. 

•� Hiring of students or consultants for research support! miscellaneous tasks in existing 
research. 

Modeling workshop 

Project plans call for a two-day workshop on APSIM use to be held in early 1998 for NARS 
scientists. It would help these scientists get a sense of why certain data is needed - and the 
importance of obtaining it. It would also help NARS scientists get a better understanding of the 
capacity of APSIM - what it can do and what it probably cannot do. There was discussion of who 
might attend, venue, needs for computing equipment for hands-on modeling practice, and needs 
for datasets.3 

J This workshop was successfully held in Harare during the dates 23-25 February, 1998. 
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Section 6 - Discussion Session on the CIMMYT-led Project: 
Management Issues 

Role Person 

Chair George Varughese 

Technical resource persons none 

Rapporteur Larry Harrington 

Summary 

In this session there were discussions and decisions about management issues for the CIMMYT 
Risk Management Project. These issues included identification of stakeholders, research affiliate 
recruitment and selection, management of funds earmarked for NARS focus groups, and the 
balance among research themes. 

Stakeholders 

It was concluded that major stakeholders include CIMMYT, APSRU, and those NARS scientists 
associated with the Soil Fertility Network. These include university, NGO, and ministry 
researchers. 

ICRISAT and its research partners are also important stakeholders. ICRISAT scientists and 
research partners are personally involved in some Soil Fertility Network and Risk Management 
Project field activities. The CIMMYT Risk Management Project will organize joint activities 
with the ICRISAT project where economies of scale warrant; e.g., training, research reporting 
workshops, and database development and management. 

It was further noted that SACCAR might be considered a Risk Management Project stakeholder, 
in the sense that it needs to be kept informed of Project progress. 

Clearly, donor agencies are project stakeholders, especially AusAID and ACIAR (who fund the 
Risk Management Project), DANIDA (who partially funded the workshop reported herein), and 
the Rockefeller Foundation (who provides financial support for the Soil Fertility Network.) 

Finally, farmers in drought-prone maize areas of southern Africa are project stakeholders, and 
should be seen as research partners, not merely research clients. 

Affiliate recruitment and selection, and terms of reference 

The Risk Management Project is virtually unique in that it will be staffed not by internationally 
recruited scientists brought into the region from outside, but rather by qualified NARS scientists 
seconded to the project for its duration and classified as CIMMYT research affiliates. Two 
research affiliates will be recruited--one for crop modeling and the other for participatory 
research. In addition to achieving project objectives in a cost-effective manner (although 
recognized as relatively complex from a management viewpoint), this approach is aimed at 
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strengthening NARSs by allowing their staff to acquire valuable research experience. In the group 
discussion on recruitment, selection, and terms of reference, the following points were decided: 

•� The research affiliate positions should be advertised principally in Malawi and Zimbabwe. 
Successful candidates ideally should be attached to a NARS institution from Malawi or 
Zimbabwe. 

•� A balance in country representation between Malawi and Zimbabwe is desirable, other things 
being equal. Ideally, one research affiliate should be based in each country. 

•� The previously drafted terms of referencel job descriptions for the two research affiliate 
positions was approved. 

•� A search committee was formed as follows: Chair and CIMMYT representative - Harrington; 
APSRU representative - Brian Keating; Zimbabwe representative - Danisile Hikwa; Malawi 
representative - George Kanyama-Phiri. 

•� It was agreed that the search committee would communicate via courier and electronic media, 
as additional face-to-face meetings would not be possible. 

•� The successful candidates should receive their appointments from the Director of CIMMYT's 
Natural Resources Program, who is also project coordinator and thereby accountable to the 
Risk Management Project donors.4 

Funds management for NARS focus groups 

A considerable portion of the budget for CIMMYT' s Risk Management Project is earmarked for 
support to research by focus groups of NARS scientists. These are groups of scientists that aim to 
conduct research congruent with project goals and objectives. Focus groups will be formed for 
both project components - crop simulation modeling and farmer participatory research. It is 
expected that focus groups will emerge from project technical workshops and training events. 

It was agreed that all proposals from focus groups should go through a peer review, to be 
coordinated by CIMMYT Research Affiliates and the project coordinator. The peer review 
process may lead to successive iterations of the best proposals, for their further improvement. 
Note that these funds may in principle be used for hiring students as well as for operational 
expenses for NARS researchers. 

It was further agreed that a formal steering committee structure not be formed. rather, the project 
coordinator will decide on funding of proposals submitted by focus groups, in light of advice and 
counsel provided by members of an informal advisory panel, this potentially to include 
representation from both Malawi and Zimbabwe, and from research, extension and universities 
as well as from the affiliates and CIMMYT and APSRU staff. Advice and counsel from members 
of this advisory panel will be sought through electronic communication. At the same time, 
advisory panel members will aim to take advantage of all opportunities (e.g. Soil Fertility 
Network events) for occasional face to face meetings. 

• Both Research Affiliate positions have been filled by competent NARS scientists. Dr. Zondai Shamudzarira has been 

named the CIMMYT Crop Modeling Research Affiliate, and Mr. Bernard Kamanga has been named the CIMMYT 

Participatory Research Affiliate. 

/ 
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Balance among themes 

Some discussion was devoted to the balance of project activities - between crop simulation 
modeling on the one hand, and farmer participatory research on the other. It was agreed that in 
year one, most project resources would be devoted to crop simulation modeling, with farmer 
participatory research and GIS increasing over time as a proportion of the total. This is due to the 
importance of speedy data generation for model validation, and the need to start the farmer 
participatory research component slowly, with cautious site and farmer selection and 
characterization. 

105� 



Risk Management Workshop 

Section 7 - Summary of ICRISAT Working Group Discussions 

Summary 

A working group discussion was held among current and potential collaborators with the draft 
ICRISAT project titled Linking Crop Simulation Modeling and Farmer Participatory Research to 
Improve Soil Productivity in Drought-prone Regions. It was noted that some collaborators also 
seek to link with the CIMMYT risk management project and some participants in the discussions 
of the CIMMYT project seek to link with the ICRISAT-Ied efforts. Thus, there is a need for on
going meetings with a shifting group of partners. 

The session started with a review of the objectives originally defined for ICRISAT' s project. 
These were developed through past discussions with a small number of core stakeholders in the 
national research and extension services. However, it was felt that the objectives should be 
revisited given the wider range of stakeholders involved in the current meeting. To facilitate the 
participation and interest of new stakeholders, the project objectives and target outputs were then 
redefined from scratch. Next, the meetings reviewed implementation strategies and steps required 
to complete the project development. 

Fertility management project objectives 

The following objectives were agreed upon during discussions with key project stakeholders. 

Objective 1 - Diagnose constraints to adoption of available technology 

Output 1.1 - Report on constraints to adoption of currently available management options or 
recommended technologies, as prioritized by scientists and farmers. 

Output 1.2 - Report on current soil management practices and constraints and related farmer 
experimentation. 

Objective 2 - Develop and disseminate more practical technology options relating to the use 
of small/targeted quantities of fertilizer, manure, legume intensification and water 
management 

Output 2.1 - Soil management options appropriate to the needs of target farmers. 

Output 2.2 - Handbook! pamphlets on how to apply new technology options (including decision 
guides useful for farmers) for extension/NGOs/farmers/input suppliers. 

Output 2.3 - Report on recommended options for new management practices. 

Output 2.4 - Evidence that new technology options are being adopted, for example, by 20% of 
farmers in the target zone. 

Objective 3 - Develop capacity of NARSs to diagnose adoption constraints and apply 
fanner participatory research and modeling techniques 

Output 3.1 - Trained personnel in use of FPR methods. 

Output 3.2 - Trained personnel in use of APSIM (crop simulation models). 
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Output 3.3 - Validated model for use in soil productivity research on management options.� 

Output 3.4 - Availability of appropriate FPR techniques and capacity to use them.� 

Output 3.5 - Farmers trained in participatory research techniques and application of technical� 
options.� 

Objective 4 - Quantify impact of policy and institutional reforms influencing technology 
adoption 

(This objective was not discussed in detail.) 

Objective 5 - Evaluate methods for farmer participatory research 

(This objective was not discussed in detail.) 

Implementation Strategies 

Next, the working group briefly discussed some of the steps and issues regarding project 
implementation. Project workplan steps were summarized as follows: 

I.� Select target area (e.g. southern Zimbabwe). 

2.� Conduct PRA or within target zones wherein farmers can identify problems. 

3.� Conduct formal baseline survey of soil and water management practices and adoption rates. 

4.� Inventory "on the shelf' technology. 

5.� Select problems/soil productivity technology options based on results of PRAlbaseline data 
and what farmers request. 

6.� Select village sites for experimentation. 

7.� Select farmers/experiment stations for experimentation. 

8.� Inventory FPR methods/application experience. 

9.� Train participants in farmer participatory research methods (year 1) - for researchers and 
farmers. 

10.� Train participants in APSIM. 

II.� Check or collect data on cultivar parameters. 

12. Collect historical and annual data on climate for experimental sites. 

13.� Collect soils data for experimental sites and broader soils dataset for broader mapping (GIS). 

14.� Validate model. 

15. Design experiments for optimal efficiency (especially under farm conditions). 

16.� Implement experiments (includes field days). 

17.� Analyze results of experiments. 

18.� Simulate experiments and analysis (application of APSIM simulation model- includes� 
evaluation of problems with data, the experiments, and the model).� 
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19. Discuss results with fanners to ascertain which technologies seem most relevant. 

20. Revisit prioritization of problems. 

21. Reconfigure targets for experimentation. 

Targets for implementation 

1.� The team must be multidisciplinary. 

2.� Target crops include sorghum, pearl millet, maize, groundnut, pigeonpea, and possibly 
vegetables. 

3.� Target areas are smallholqer farming areas in drought-prone, semi-arid regions. 

4.� Target countries build on existing ICRISATINARS activities in Zimbabwe, Malawi and 
Kenya, with a possible option for extension to South Africa (to be decided later). 

5.� The Project aims to develop technology options for fanners rather than single optimal 
recommendations for agroecological zones 

Issues to be decided 

Several questions relating to project design and implementation need to be resolved. The working group 
identified the following listing of the main issues that require further discussion with one or another set of 
stakeholders. 

1.� Project team. How large should the project team be and who should be mainly involved with 
the management and implementation of project activities? Continuing consultation with 
stakeholders will be useful regardless of who takes primary responsibility for implementing 
the project. 

2.� Further project development. It was agreed that ICRISAT would redraft the project to 
incorporate the views expressed during this meeting. The redrafting will first involve 
completion of a short concept note for discussion with donors. The redrafting of the main 
project will await an expression of interest by particular donors. 

3.� Project management. The mechanisms of stakeholder involvement in project oversight or 
management still need to be developed. There may be a role for a technical advisory panel 
provide direct advice on implementation issues. 

4.� Project budget. Almost no discussion was held on what needs to be funded and for whom. 
Some collaborators voiced the need to update their computers and software to participate 
effectively in the project. Others raised concerns about transport constraints. The project 
cannot cover all equipment needs so careful choices still need to be made on resource 
allocation. 

5.� Policy analysis. Questions remain about the magnitude of effort that should be allocated to 
the analysis of public policies relating to or affecting fertility management. These include 
issues such as the analysis of market constraints influencing the price and availability of 
chemical fertilizer in the semi-arid zones. 
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6.� Links with GIS. Strategies and procedures for the application of GIS to targeting project 
work and the scaling up of project result still need to be defined. This will require broader 
consultation with people familiar with GIS capabilities. 

7.� Links with the CARMASAK (Kenya) project. The opportunity to exploit these links still 
need to be articulated. There may be scope for learning for the examples set by 
CARMASAK. 

8.� Role of the project within SMIP workplan activities (e.g., for Zimbabwe). Questions 
were raised "about possible funding for the project activities during the next phase of the 
SADCIICRISAT Sorghum and Millet Improvement Program (SMIP) starting in September 
1998. ICRISAT replied that this still needed to be determined, but since the project is largely 
a network activity, it is unlikely substantial resources would be available. Thus, there was a 
need to attract additional donor support specifically for these activities. But the targets of the 
new SMIP program still need to be set, and there may be scope for influencing these 
objectives, if national stakeholders voice their preference for mode assistance with modeling 
and participatory research. 

9.� Timing of collaborative training. The timing of the collaborative training on APSIM and 
farmer participatory research will be discussed during the final session to this workshop. We 
expect both to be early in 1998. A collaborative research reporting workshop is tentatively 
targeted for mid-1998. 
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