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PARTICIPATORY IPM DEVELOPMENT AND EXTENSION: THE CASE OF 

BEAN FOLIAGE BEETLES IN HAI, NORTHERN TANZANIA 

J. K. O. Ampofo, U. Hollenweger, S. M. Massomo, and E. Ulicky 

ABSTRACT 
Research and development activities focused on integrated pest management (IPM) were conducted in 
two farming communities in northern Tanzania (Makiba Division and Masama Division) using 
participatory approaches. In Makiba, research involved on-farm testing of new technologies for 
managing bean stem maggot (BSM). In Malama, CIAT was invited to help farmers solve some ‘unusual’ 
pest problems in their fields. Participatory processes were used in problem diagnosis, identification, and 
selection of possible solutions for evaluation. Participating farmers selected management strategies that 
were most compatible with their production circumstances. The community at large was made aware of 
the technologies through farmer-organised field days and farmer-to-farmer extension activities, which 
resulted in several farmer research groups that could work together to develop solutions to their 
production problems. In Masama, the bean foliage beetle (BFB) was identified through participatory 
surveys, problem diagnosis, and monitoring of pest biology and ecology. The ensuing IPM technology 
focussed on cultural strategies, and the farmers observed that a community approach was a good way to 
solve the problem as the pest could fly from one field to another. In both cases the participatory approach 
boosted farmers' confidence and enabled them to diagnose and identify solutions to problems in other 
crops, as well as sharing the acquired knowledge freely with others in their communities. 

RÉSUMÉ 
Des activités de Recherche & Développement axées sur la lutte intégrée contre les ravageurs s’appuyant sur 
la recherche participative ont été réalisées dans deux communautés agricoles situées au nord de la 
Tanzanie (Makiba et Masama). À Makiba, la recherche comprenait des essais de technologies nouvelles en 
situation réelle portant sur la lutte intégrée contre la mouche du haricot. À Malama, le CIAT était invité à 
aider les agriculteurs à résoudre quelques problèmes « inhabituels » causés par les ravageurs dans leurs 
champs. Le processus participatif a été utilisé dans la détermination du problème, l’identification et la 
sélection de solutions possibles. Les agriculteurs participants ont choisi les stratégies de gestion les mieux 
compatibles avec leurs conditions de production. Des journées sur le terrain organisées par les agriculteurs 
et des activités de vulgarisation de cultivateur à cultivateur avaient permis de sensibiliser l’ensemble de la 
communauté aux nouvelles technologies et avaient également conduit à la création de plusieurs groupes de 
recherche d’agriculteurs sachant élaborer en coopération des solutions à leurs problèmes de production. À 
Masama, la chrysomèle du haricot avait été identifiée au moyen d’un processus participatif d’études, du 
diagnostic du problème et de la surveillance de la biologie et de l’écologie des ravageurs. La technologie de 
la lutte intégrée ainsi élaborée était axée sur des stratégies de culture. Les cultivateurs ont remarqué qu’une 
approche fondée sur la communauté était une bonne façon de résoudre les problèmes étant donné que les 
insectes ravageurs peuvent voler d’un champ à un autre. Dans les deux cas, l’approche a renforcé la 
confiance des agriculteurs et leur a permis de déterminer et d’identifier des solutions pour des problèmes 
concernant d’autres cultures ainsi que de partager librement les connaissances acquises avec ceux faisant 
partie de leurs communautés. 

Key words: IPM, bean foliage beetles, Ootheca spp., participatory technology development, extension 
system, technology dissemination, local/indigenous technical knowledge. 

INTRODUCTION 
Technologically sound and effective integrated pest management (IPM) strategies are often not adopted 
because farmers' production circumstances are frequently not well understood, or sometimes neglected in the 
generation and packaging of technologies. This is largely due to the fact that smallholder agriculture has 

J. K. O. Ampofo,* U. Hollenweger, and S. M. Massomo are with CIAT-Tanzania, P.O. Box 2704, Arusha, Tanzania. E. 
Ulicky is with the Hai District Extension Service, P.O. Box 27, Hai, Kilimanjaro, Tanzania. 
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often been considered primitive on the assumption that yields could be improved only by addressing 
deficiencies through the introduction of external inputs. Smallholder farmers, however, operate in complex, 
diverse, and risk-prone environments. Fixed prescriptions such as IPM packages do not work in such 
circumstances, since site-specific agro-ecological and socio-economic conditions often determine what is 
best at one place (Van Huis, 1997). To improve upon this, several concepts involving farmers in technology 
generation and diffusion have been proposed and tried. The generation of IPM technology is moving from 
research-station trials and subsequent transfer of results by the extension system to different levels of farmer 
participation to ensure greater suitability of the technology to farmers' production circumstances. 

Here, we describe participatory approaches used to develop and disseminate IPM strategies for bean foliage 
beetles (BFB) (Ootheca spp., Coleoptera: Chrysomelidae) in farming communities in the Hai District, northern 
Tanzania. The projects were initiated on invitation from the Hai District Extension Office to assist village 
communities in addressing some of their production constraints. The projects were conducted through 
community-learning activities. 

NATURAL CONDITIONS, FARMING SYSTEM, AND  
SOCIO-ECONOMIC CHARACTERISTICS 
The initial community learning site in the Hai District was Boma Ng’ombe in the Masama Division on the 
Sanya Plain (ca. 950 m altitude), which lies between Mt. Meru and Mt. Kilimanjaro. Rainfall records from 
the nearby Kilimanjaro Airport suggests an erratic bimodal rainfall with peaks in April-May (140 mm) and 
November-December (40 mm). The soils are shallow, stony, and weakly developed (lithosols) (JKADP, 
1977; Lundgren, 1978), and irrigation water is limited to a few areas only. A mixture of ethnic groups, 
dominated by the Wachagga, populates the area. The population density is currently low (about 50 persons 
per sq. km) but increasing with immigrants from the uplands. The main occupation is crop and livestock 
farming, with maize, beans, and horticultural crops, such as tomatoes, carrots, and cabbages and sunflower, 
as the main crops. The principal growing season is March-June. The area lies along the main Moshi-Arusha 
highway and production is market driven and directed to the two major towns, Moshi and Arusha. 

Aminu-Kano et al. (1992), in a participatory rural appraisal covering the Masama Division, observed that the 
farmers did not cite any problems associated with bean production. At that time beans constituted a minor 
crop in their production system. In recent years, however, farmers have come to consider beans as a more 
profitable crop and grow it as a monocrop season after season. Crop rotation is poorly practised. Several 
problems associated with continuous cropping of the same species have emerged as a result. 

PROBLEM IDENTIFICATION 
During the long rainy season of 1997, the Hai District Commissioner, Mr. Raymond Mushi, requested help 
from CIAT and the Selian Research Station to address a problem that was affecting bean crops in 
smallholder fields. Because of our previous experience with farming communities in Mbuguni Ward (CIAT 
1998), the research team decided to adopt a participatory technology development (PTD) approach. During a 
preliminary survey, the research team went with extensionists to sample the fields in the affected areas and 
discussed cropping history with the farmers in order to diagnose the problem. The farmers showed us plants 
with the symptoms they were complaining about: stunted plants with yellowish leaves and premature 
senescence. Researchers uprooted plants showing these symptoms and examined them. In almost all 
symptomatic plants, there were larvae on the roots or in the soil where they were growing. Some lateral roots 
had been pruned off, the nodules had collapsed, and the epidermis on the attached roots had been lacerated. 
Healthy plants were free of larvae and damage. We (farmers, extensionists, and researchers) concluded 
tentatively that the larvae were causing the symptoms we were seeing on the plants. The researchers 
identified the larvae as Ootheca (BFB). 

After the preliminary survey by researchers and the district extension officers (led by Dr. Edward Ulicky), 
the farmers were invited to a plenary meeting of representatives of all the affected communities to share the 
results of the initial survey and develop studies to better understand the pest, its spread and ecology and to 
develop research activities and solutions to address it (table 1). 
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STUDIES OF THE PEST 
After the initial investigation, the research team confirmed the problem as bean foliage beetle (BFB) larvae 
attacking bean plant roots and causing premature senescence. However, the farmers and some extension 
officers could not relate the adult BFB and its damage (chewing holes in leaves and causing defoliation) to the 
larval damage (root feeding, nodule poaching, and the resultant premature senescence). The local belief was 
that ‘the BFB come with the rains but heavy rain effectively drowns them.’ Because of this, the only solution 
they could suggest was rain. We agreed to do a participatory study of the biology and ecology of the pest by 
following through the development of the larvae until they turned to adults and continued through oviposition 
and the different stages again (i.e., a full life cycle of the pest) (table 2 and figure 1). We did this through a 
sequential sampling of affected plots and mapping out the distribution in the area as well as distribution in 
relation to depth of soil. Changes in the life stages of the pest were also monitored until adults were formed. 
The pest was widely distributed, but the severity of its damage varied. Over 80% of the subterranean forms 
were within the top 20 cm of the soil and the mean population was about 100 insects/m2. The study helped all 
participants to understand the BFB life cycle and ecology better, which enabled them to identify potential 
control methods (see table 1, phase 2) and participate actively in generating strategies for BFB management. 

 

Table 1.  Summary of Farmer Group Discussion, Research Activities, and R&D Needs as 
Identified and Agreed on by the Farmers, Extension Agents, and Researchers 

Phase Discussion points Activities Research & development needs 

1 Discussion on cropping 
history of sampling sites  

• Problem identification and 
analysis 

• Field sampling of plants, 
roots, and soil for cause of 
above-ground symptoms 

• Pest identification 
• Life cycle and ecology 
• Pest distribution  

2 Results from research in 
Phase 1 
 
Potential control 
strategies 

Field visits to monitor on-
going research activities. 

Evaluation of potential control 
strategies 
• Post-harvest tillage 
• Crop rotation 
• Host plant resistance 
• Insecticide application 
• Post-harvest flooding 
• Delayed sowing of beans 
• Insecticide (neem) application 

3 General research results 
 
Strategies for area-wide 
management 

Request to local 
administration to enforce 
community adoption of area-
wide management strategies 

Extension of management 
strategies with posters, bulletins, 
and farmer-to-farmer activities 

Table 2.  Summary of Ootheca Life Cycle in Relation to Bean Planting Cycle at Hai, Northern 
Tanzania  (see also figure 1) 

Period Developmental activity 

March/April Adult emergence in synchrony with rains and planting of beans. Adults cause 
defoliation to bean seedlings. They mate and deposit eggs in soil near bean 
plants. 
Emerging larvae feed on bean roots, removing secondary roots and causing 
injury to primary roots. They also poach nodules. 

May/June Larval damage to rooting system disturbs nutrient flow from the soil and causes 
plants to senesce prematurely and bear few pods, each with few seeds.  

July Beans are harvested but Ootheca is left in the soil in different stages of 
development. Populations may exceed 100/m2. Land is left fallow and Ootheca 
population development continues. 

August Pupation starts in the soil. 

September Adults are formed but remain in soil and undergo diapause.  

October to  
March/April 

Adults remain in diapause until the beginning of the rains, when they emerge to 
attack newly emerged beans. 
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Strategies included the following (table 3): 

• post-harvest tillage: to expose the immature stages in the soil 

• crop rotation: the farmers observed that large-scale growers who often rotated beans with other crops 
did not have the problem 

• delayed sowing of beans: farmers observed that the problem was more acute in the early sown crop 

• application of pesticides such as neem, etc. 
 

Table 3.  Summary of Farmer Group Discussions on Possible Control Strategies 

Strategy Views for Views against: 

Post-harvest tillage BFB is no problem in commercial 
production systems where this is 
practised 

Hai soils are rocky and post-
harvest tillage may be difficult 

Delayed planting May be useful in monocropped 
beans 

Rainfall distribution may not 
allow crop to grow to full maturity 

Crop rotation A potentially good strategy May not be practical where 
fields are small 

Insecticide application • Research needed on use of neem 
• Research needed on insecticides that can be applied at planting 
Use of insecticides requires a collective approach so all farms will 
be sprayed simultaneously to avoid migration to other fields 

Biological control • No knowledge available 
• Research needed to identify possible natural enemies 

 

These strategies were tried under farmer/researcher-designed and farmer-managed conditions. The results are 
summarised in figures 2–5, below. 

EVALUATION OF POTENTIAL CONTROL STRATEGIES 
Findings from these experiments were discussed during evaluation meetings with everyone involved, and all 
contributed to the conclusions and recommendations. The following is a short description of the results of the 
strategies tested. 

 

 

 

Figure 1.  Life cycle of bean foliage beetle (Yai = eggs [adult laying eggs in soil]; Funza = larva 
[feeding on roots in soil]; Buu = pupa [developing in soil]) 
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Zero tillage and post-harvest tillage 
Both practices reduced pest emergence from the soil and subsequent crop damage. We all deduced that post-
harvest tillage exposed the subterraneous form of the insect to the elements and predators and reduced the 
residual population. Tillage just before planting facilitated the emergence of the pest from the soil, compared 
to zero tillage (figure 2). We reached the following recommendation, with general consensus: because of the 
pest's ability to fly to other plots, these treatments would be ineffective when practised in isolation. 

Crop rotation 
Maize, beans, cowpeas, and soybeans were planted after beans in a plot known to have a high level of 
residual BFB infestation. There was BFB emergence in response to the germinating beans and cowpeas but 
not to the maize and soybeans (non-hosts) (figure 3). Mr Ringo, one of the farmers who had been doing 
experimentation on his own, had rotated his bean field with sunflowers and observed the same effect: that 
sunflowers suppressed the emergence of BFB, compared with beans. This was a clear indication that 
growing beans after beans in the same plot permitted the continuous development of BFB and its population 
build-up and that rotation with non-hosts would interrupt the cycle and reduce the pest population. 

Delayed sowing 
Beans sown late (mid-April) emerged when BFB populations were low and were attacked less, compared to 
the March-sown crop (figure 4). 

Neem sprays 
Foliar application of neem seed oil and neem seed powder protected the bean plants from adult infestation 
for periods of more than five days per application (figure 5). 

SUMMARY OF THE RESEARCH AND TECHNOLOGY-DEVELOPMENT PROCESS 
As summarised in table 1, we had several phases of discussion and participatory research activities. At the 
end of each phase, we discussed the findings in an open plenary meeting, made inferences from the results, 

 

 
Figure 2.  Effect of post-harvest (PHT) and late 

tillage (LT) on BFB populations in 
farmers’ fields at Hai 

Figure 3.  Crop effect on BFB emergence 
pattern 

 
 

Figure 4.  Effect of sowing time on BFB  
emergence pattern 

Figure 5.  Effect of neem foliar sprays on 
adult BFB infestation 
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and developed further activities. Experiments conducted were developed mostly through discussions with 
farmers and extension officers. Some farmers (e.g., Mr. Ringo) did their own research, which turned out to 
be complementary to the group research, and they shared the results with the larger group during the plenary 
meetings. Further experiments were based on the results of the previous ones. We developed control 
strategies collectively, as listed in table 3. 

The farmers observed that while the methods we had developed worked well, they were unlikely to be 
effective if applied individually on small plots because the pest could fly from one field into another. In fact, 
some farmers who had practised post-harvest tillage (and still had their plots attacked) accused others who 
had not for ‘letting their insects invade other farmers’ fields’. In a plenary meeting, the farmers appealed to 
the local administration to pass a by-law to enforce area-wide adoption of the IPM strategies. We all agreed 
in that meeting that the technologies should be extended to other communities beyond the Masama Division. 

EXTENSION-LED SCALING-UP OF PARTICIPATORY IPM DISSEMINATION 
After developing the research and management strategy, all agreed that the results should be spread to the 
whole district. The District Extension Service, headed by Dr. Edward Ulicky, called a meeting of Hai village 
extension officers (VEOs) and farmer representatives from the ‘hot-spot’ areas. The collaborators from the first 
phase of the project in Boma Ng’ombe, especially participating farmers, described the activities they had 
undertaken to solve the BFB problem. We reviewed the results and the methods used to achieve them (table 3). 
We then discussed available options that had not been tested. One of the strategies mentioned by farmers was 
fermented cow urine used as foliar application. We then discussed which strategies were feasible in different 
villages. Crop rotation was not considered possible with their small land holdings. Planting date and application 
of neem oil, neem powder, and cow urine were selected as common strategies in all villages. We then had a 
brainstorming exercise on potential pathways for disseminating the BFB management strategies. The extension 
officer and some farmers from each village discussed possibilities, considered their resources and the 
opportunities available to them, and identified the dissemination strategies that best fit their circumstances. 

The dissemination pathways selected by different villages were (in order of rank): (1) on-farm demonstrations, 
(2) demonstrations in schools, (3) training through farmer research groups, (4) distribution of extension 
information leaflets about the problem and its management, and (5) awareness-creating seminars and field 
tours. Each group went back to its constituency, and the VEO used existing extension groups to form farmer 
research groups (FRGs). Their objective was to effect the dissemination of management strategies suitable to 
their respective environments by means of promoting local experimentation. At the local level, the FRG 
reviewed the management and dissemination options suggested by the participants of the meeting in Hai (the 
Hai-group), modified them as was appropriate, and added locally known treatments because of their limited 
access to some of the suggested treatments (like neem). The local treatments and the ones suggested by the Hai-
group were investigated together. In some villages, cow urine was modified using a urine/faeces slurry (mfori) 
instead of urine, and ash and a soap/kerosene mixture were added as other treatments. In similar work in the 
Lushoto area (northeast Tanzania), the farmers opted to try some locally known plants, like mhasha (Vernonia 
spp.), luli, and donondo, but did not try cow urine, ash, or soap and kerosene. The groups installed learning 
plots in the different villages, which were managed by the FRG with VEO help and some advice from 
researchers. The groups received neem oil and powder from the researchers, but everything else the farmers 
provided themselves. Unfortunately, most of them failed because of the ‘la niña’ drought. The site at Sanya Juu 
survived and was used by all the nearby villages as their learning site. 

The IPM strategies selected by the Hai-group for this site were planting time of beans to avoid peaks of BFB  
infestation, application of botanical pesticides (neem oil and neem powder) and fermented cow urine, and 
creating an awareness of the pest. The dissemination strategies were seminars, distribution of IPM extension 
leaflets, and field demonstrations of the management strategies. Mrs. Amanda Koola, the Sanya Juu VEO, 
and her group set up the demonstrations in farms where they would be seen by many within the community, 
in schools, and also in community training centres. In addition to the demonstration of the proposed 
technologies, the FRGs selected and tested their own traditional methods, which they felt might be 
appropriate. The traditional methods selected by the farmers were (1) fermented liquid effluent from the cow 
shed (a slurry of urine and feces), (2) kerosene and soap mixed with water, and (3) ashes. Figure 6 shows  the 
performance of the different treatments, all of which worked better than the control. The effect of cow urine 
lasted longer and delayed re-infestation beyond five days. 
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The VEOs used the demonstrations at schools and community training centres to train students about bean 
production, pest and disease identification, and IPM in general. At intervals the VEOs had field days and 
invited the general community to view, discuss, and appraise the demonstration through open discussions. In 
addition, the researchers developed a short questionnaire that was filled in by both participants and visitors. 
The field days were also conducted to make more people aware of the pest and opportunities for 
management, as well as making them aware of another approach to extension, i.e., through experimentation.  

Ashes, neem oil, and fermented cow urine were the most preferred treatments for BFB control (figure 7). With 
regard to the dissemination process, farmers preferred (1) more seminars for creating awareness, (2) improving 
the extension system (empowering the extension service), (3) dissemination through the mass media to reach 
more farmers (figure 8). In addition, the non-participating farmers were strongly in favour of more 
demonstrations, while the participating farmers requested more IPM training to enable them to understand and 
manage other pests using participatory approaches. Large farmers (> 1 acre of beans) selected group training as 
their preferred option for IPM dissemination, while the small farmers preferred demonstrations (figure 9). 

The District Extension Service organised a post-season monitoring and evaluation meeting, again inviting 
participating VEOs and farmers, as well as new ones. Together we discussed the results of the season and 

 
Figure 6.  Performance of neem and other traditional treatments against BFB adults in farmers’ 

fields 

 

Figure 7.  Preferences of FRG members and non-members for BFB management strategies 
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planned the way ahead. Concerning the dissemination of technologies, the farmers cautioned that multiple 
strategies should be used rather than a single one because different strategies target different categories of 
farmers. The VEOs lamented that it was difficult to go to farmers without ‘a new message’. Taking up the 
comments of the farmers that the extension system should be improved, all agreed that continued work on IPM 
in close collaboration with farmers and research would help the extensionists to improve their work. The 
approach of using groups, participatory discussions, and common learning plots was considered essential for 
success. In the discussion we identified other pest problems that should be tackled in the coming season. The 
same participatory approach was chosen, but there will be less direct research, as some pests have already been 
worked on in other districts in a similar way and we expect positive synergies between those experiences. 

The exercise gave a boost to the District Extension Service, as they are able to reach more farmers with new 
technology to solve a problem limiting bean production in the area, and they know that continued support 
will help them to work on other problems. They are also convinced that the participatory approach 
contributed to the dissemination of BFB management strategies. There is now an increased demand from 
VEOs and farmers for IPM promotion to reach more farmers. The extension service and the farmers have 
initiated a radio program to discuss IPM strategies for bean and other crop pests. The program is aired on 
Redio Sauti ya Injili, a rural broadcasting house in Moshi reaching most parts of northern Tanzania. They 
have also started dissemination through songs and dances. Research and the District Extension Service have 
started to train more VEOs in the approach itself. This is done with two-day seminars, where extension 
officers, who participated in the research process but did not receive any other training, teach their 
colleagues on the approach. Researchers also teach part of the course on trial planning, data collection, and 
analysis. The District Extension Service continues to meet with some of the VEOs as follow-up. 

 
Figure 8. Selection of IPM dissemination channels by FRG membership 

 

Figure 9.  Selection of IPM dissemination channels by farm size 
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Unfortunately, other VEOs need to try the approach without further help because of limited means for 
follow-up. Through this training, more extensionists have learned about the work, which has resulted in a 
better understanding of the importance of involving farmers and greater commitment to their work in 
general. This will help to institutionalise the approach at the grass-roots level of the extension system. 

CIAT and the bean networks have adopted participatory research as one of the mainstream processes for 
technology generation and dissemination and have instituted the project, Participatory Research for 
Improved Agro-ecosystem Management (PRIAM). The purpose of this project is to develop and promote 
participatory research methodologies and community-based projects within national agricultural research 
institutes, government organisations, and NGOs for common use in improving soil, crop, tree, and disease 
and pest management. The project collaborates with several national programmes, commodity networks, and 
the African Highlands Eco-Regional Initiative (AHI). 

In addition, PTD for IPM is being institutionalised in the bean networks through a DFID-sponsored project 
on IPM promotion for bean pests. We (CIAT and partners) have developed this project to target all areas 
with the Ootheca problem. Currently, activities have been initiated in western Kenya, northern and southern 
Tanzania, and northern Malawi. This project helps to train extensionists and farmers who accept, adapt, and 
experiment with new technologies to better understand the PTD approach for sustainability, which will 
hopefully show an impact in the national research and extension systems. 
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FARMER FIELD SCHOOLS AS A METHODOLOGY FOR DEVELOPMENT, 

DISSEMINATION, AND UTILISATION OF IMPROVED BEAN 
TECHNOLOGIES IN ISANGATI FIELD SITE, MBEYA DISTRICT, TANZANIA 

M. M. Mkuchu, D. Kabungo, C. S. Madata, A. N. Mussei, and Ndomba 

ABSTRACT 
Farmer field schools (FFS) were tested as a methodology for the development, dissemination, and use of 
improved technologies in bean production and pest control among sm allholder farmers in Tanzania. 
Two villages, Isuto and Mbawi, were selected in Isangati Division. The introduction of the FFS concept 
created enthusiasm among farmers, and farmer groups with more than 20 members were formed. The 
farmer groups selected the treatments during a planning meeting and established experimental plots. The 
study shows that FFS is participatory, with a bottom-up approach, emphasising collaboration between 
researchers, extensionists, and farmers. Training and planning meetings encouraged farmers, and they 
learned to keep records and do simple experiments. The diffusion rate of new technology in a community 
where the FFS approach is used has been noted to be high. However, participation of both female 
farmers and policymakers was noted to be low. Launching seminars and workshops on FFS to 
policymakers and initiating FFS for women’s groups could improve the situation. The use of FFS in 
Tanzania and in other parts of the region is very relevant and has a high chance of being adopted 
because of a high ratio of farmers to extension staff, insufficient funds to support extension services, lack 
of farmer participation in technology development, and the fact that most sm allholder farmers live in 
rural areas where the use of mass media is limited. 

RÉSUMÉ 
Les formations FFS (farmer field schools ou stages sur le terrain pour agriculteurs) ont été mises à 
l’essai en vue de faciliter parmi les petits exploitants agricoles tanzaniens le développement, la diffusion 
et l’utilisation de technologies améliorées dans de cadre de la production du haricot et de la lutte contre 
les ravageurs. Deux villages, Isuto et Mbawi, ont été choisis dans le district d’Isangati. L’introduction 
des formations FFS a suscité l’enthousiasme des agriculteurs et des groupes composés de plus de 20 
exploitants ont été formés. Au cours d’une réunion de planification, les groupes d’exploitants ont 
sélectionné les traitements et mis en place des parcelles d’expérimentation. L’étude réalisée a montré que 
l’approche FFS est une approche participative partant de la base, intensifiant la collaboration entre 
chercheurs, vulgarisateurs et exploitants. La formation et les réunions de planification ont encouragé les 
exploitants qui ont appris à tenir des registres et à faire des essais simples. On a noté un taux de diffusion 
élevé des nouvelles technologies dans les collectivités où était appliquée l’approche FFS, en dépit d’une 
faible participation des agricultrices et des décideurs. Des séminaires et des ateliers sur les FFS destinés 
aux décideurs et la mise en place de FFS pour des groupes de femmes pourraient contribuer à améliorer 
cette situation. Les formations FFS en Tanzanie et dans d’autres parties de la région sont très utiles et 
ont de grandes chances d’être adoptées du fait du faible effectif de personnel de vulgarisation par 
rapport au nombre d’agriculteurs, du financement trop restreint des services de vulgarisation, de la 
participation insuffisante des exploitants dans le développement des technologies et du fait de la quasi 
absence de mass médias dans les régions rurales où vivent les petits exploitants agricoles. 

INTRODUCTION 
Agriculture forms the backbone of the Tanzanian economy, with about 85% of the population living in rural 
areas where the main occupation is farming. Crop output remains very low and highly variable, resulting in 
low and unevenly distributed income. The performance of this sector determines the economic situation of 
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both the urban population and rural households. Thus, increases in agricultural productivity can reduce the 
problem of rural poverty and food shortages and increase agriculture exports. Appropriate agricultural 
technologies, using appropriate methodologies, must therefore be generated and disseminated to farmers. 

In Tanzania, agricultural improvement is being done through crop research, among other measures,  
including research on beans (Phaseolus vulgaris). Many high-yielding and disease-resistant crop varieties 
have been developed and released to farmers, together with recommended agronomic packages. For instance, 
the bean varieties released include Uyole 84, Kabanima, Uyole 94, Uyole 96, Ilomba, and Uyole 90. The 
average yield potential of these bean varieties has been found to range between 1500 kg/ha to 2000 kg/ha. 

In order to increase crop yields, new crop technologies have to reach and be used and maintained by the 
target group (growers). Development projects (e.g., ADP, MOP, IFAD, and ILCA), research organisations, 
and extension agencies in Tanzania have been involved in developing and disseminating improved crop 
technologies to farmers using various extension methodologies before and after independence, with an 
emphasis on promoting modern agriculture. Farmers were urged to switch to cash crops, to grow crops in 
pure stands, and to adopt new high-yielding varieties, together with the use of fertilisers, pesticides, and 
irrigation. In many cases, the technological packages that were supposed to generate agricultural growth 
failed to deliver the expected benefits of high productivity, better food security, and high living standards for 
the people of Tanzania. 

In the 1980s, the World Bank promoted the Training and Visit (T&V) system approach in Tanzania to 
replace the farming system research (FSR) approach. Spore (1997) reported that T&V is based on 
developing competent extension agents at the regional or district level, where they receive regular training 
and briefing before going out to interact with target farmers. The system uses leader farmers and 
demonstration farms, but it was found to be expensive and not participatory. 

The World Bank Supervision Mission visited the Tanzania Ministry of Agriculture in December 1997 and 
recommended testing the farmer field school (FFS) approach as an alternative method of delivering 
extension messages and improving linkages and the sustainability of extension programmes. The FFS 
concept originated in Asia, and it is an example of group extension methods that save costs and evolve into 
truly participatory analysis, planning, and execution of projects, addressing those areas seen to be priorities 
by the community.  

In the 1980s, two FFS projects, funded by FARMESA, were initiated in Tanzania. One is a maize project 
based at Gairo Mlali field site for semi-arid areas in the Morogoro region and the other is a bean project 
based at the Isangati Division field site for highland areas in the Mbeya region. 

This paper discusses farmer field schools as a potential methodology for developing and transferring 
appropriate technologies to sm allholder farmers in the Isangati Division field site. The field technologies 
used in testing this approach were the introduction of improved bean varieties and production packages, and 
integrated pest management (IPM) for beans. 

BACKGROUND TO THE STUDY 

Problem statement 

Participatory rural appraisal (PRA) identified the Phaseolus bean as one of the most important food and cash 
crops in the Isangati Division (Mussei et al., 1998). However, its productivity was low, ranging from 125 
kg/ha to 750 kg/ha because of a lack of technological knowledge on improved bean technologies, including 
field pests (aphids, pod borers, and bean stem maggots) and post-harvest pests (bruchids), which accounted 
for a 50% yield loss in beans and affected about 85% of the farmers in the target area. The PRA results also 
indicated that inadequate extension services resulted in a lack of dissemination of pest-control technologies 
to farmers. It has been documented that there are only seven village extension workers to serve 27 villages. 

In order to overcome these problems, FFS was introduced. The literature indicates that this approach has 
been successfully employed elsewhere, where farmer circumstances are similar to the field site. 

Brief description of the study area 

The study was carried out in the Isangati Division field site, which is located in the southern part of Mbeya 
rural district, in the Mbeya region. Two villages were selected: Isuto (which lies in the lowland or coffee zone, 
below an altitude of 1900 m) and Mbawi (which is in the highland or pyrethrum zone, above 1900 m). 
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Temperature are higher in the coffee zone than in the pyrethrum zone. The range of average rainfall for the 
coffee zone is 750mm to 1200mm per annum and that for the pyrethrum zone is 900mm to 1400mm per 
annum. Soils are moderately fertile in the pyrethrum zone, while those in the coffee zone are low. Farmers in 
the pyrethrum zone grow maize, beans, potatoes, wheat, and pyrethrum without fertilisers. In the coffee zone, 
farmers grow maize, beans, finger millet, and coffee, and apply fertilisers to coffee only. Household income for 
the farmers in the highland zone is low compared to those in the lowland zone because of differences in the 
cash crops. Farmers sell their produce through local markets, which are held once a week in each village. There 
are no organised financial institutions. There is at least one primary school in each village. 

Objectives of the study 

The study objectives were to develop, utilise, and disseminate improved technologies on controlling bean 
pests and improving bean production using FFS as an methodology. 

Objectives of the case study intervention 
• to promote the use of botanical insecticides in controlling aphids, pod borers, and bruchids 

• to assess and improve existing storage management practices 

• to train farmers in both integrated insect pest management and bean production technologies 

FIELD METHOD FOLLOWED 
The farmer field school was used as an extension method to verify and transfer appropriate improved bean 
technologies to small bean growers in the Isangati Division field site. The main focus was on development, 
use, and dissemination of improved technologies on pest control and production. Several steps were 
involved, as listed below. 

Participatory rural appraisal (PRA) 

Prior to initiation of FFS activities at Mbawi and Isuto, a two-day PRA was held in each village to 
identify and prioritise the problems and needs of farmers. 

Introduction of FFS concept to farmers and formation of farmer groups 

After problem identification and analysis, a one-day meeting was held in each village in order to introduce 
the FFS concept to village members and form farmer groups, which were further divided into sub-groups of 
five to six farmers to simplify discussions during agro-ecosystem analysis. 

Training workshop with farmers’ groups 

A one-day training workshop was held in each village to allow both farmers’ groups and researchers to 
discuss farmers’ experiences with bean production and researchers’ experiences with improved bean 
technologies. Thirty farmers participated at Isuto and 25 Mbawi. Four research officers (an agronomist, 
breeder, entomologist, and socio-economist) facilitated the workshop along with one staff member from the 
area development programme (ADP) and one village extension officer (VEO). Topics included principles of 
seed multiplication, improved agronomic practices, control of insect pests (in both store and field), and 
socio-economic circumstances that affect the adoption of a new technology. 

Planning meeting with farmers’ groups 

After the training workshops, a one-day planning meeting was held in each village to allow the members of 
the farmers’ group to select treatments to test against conventional practices. They also made a working 
calendar for the FFS activities. Again, there were 30 farmers in Isuto and 25 in Mbawi who participated in 
the planning meeting, which was facilitated by the four researchers, ADP staff member, and VEO. 

Establishment and management of demonstration and experimental plots 

About half an acre of land was provided to the farmers’ group in each village. At Mbawi, the land was 
provided by farmers, whereas at Isuto it was provided by the village government. The land was prepared 
over three days by group members, which involved land clearing, ploughing, and harrowing. The activities 
carried out in each village were seed multiplication, verification of botanical insecticides in aphid and pod 
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borer control, and verification of planting time for early-maturing bean varieties. Two activities originated 
from farmers during the training workshop: (1) in Mbawi village, investigation of the effects on yield of 
removing a growing tip on a semi-climbing bean plant and (2) in Isuto, cultural control of bean stem maggot. 
The specific methodology for each activity is indicated below: 

• Establishing planting time for early-maturing bean varieties. In Isuto, two early-maturing bean 
varieties (Uyole 96 and Uyole 94) were evaluated in comparison with a local bean variety 
(Kablanketi). The bean varieties were planted with fertiliser on 1 and 15 March 2000 following 
farmers’ practice. In Mbawi, Uyole 98, Kabanima, and Kablanketi were compared. The beans were 
planted with and without fertiliser on 15 and 30 March 2000 following farmers’ practice, and on 15 
April. A randomised complete-block design was used at both villages with four replications. Plot size 
was 5m by 5m. Spacing was 50cm between rows and 10cm within rows. 

• On-farm seed multiplication of early-maturing bean varieties. Two improved bean varieties 
(Uyole 98 and Kabanima) and one local variety (Masusu) were selected by farmers and planted on 30 
March 2000 in a demonstration plot at Mbawi. Farmers were trained on the principles of seed bean 
production and given good husbandry packages for bean production. Two improved varieties (Uyole 
96 and Uyole 94) and a local variety (Kablanketi) were planted on 15 March in a demonstration plot at 
Isuto. Plot size was one-quarter acre. The recommended fertiliser rate was applied at planting for all 
the bean cultivars. Insect pest control was done as recommended. The fields were kept weed free. 

• Verification of botanical insecticide in aphid and pod borer control in bean fields. Kabanima was 
planted in mid-March 2000 at Isuto, and Uyole 98 was planted in late March 2000 at Mbawi. Planting 
dates were set in order to catch high aphid and pod borer infestations in both villages. At Isuto, 
botanical insecticides (tephrosia and pyrethrum) and ashes were applied to the beans; those applied at 
Mbawi were tephrosia, pyrethrum, and kweme. All botanical insecticides were compared with the 
chemical insecticide Selecron. Effects were compared with infestations on an untreated plot. 

A randomised complete-block design with four replications was used. Plot size was 4m by 4m, with 
10cm within rows and 50cm between rows. A recommended rate of fertiliser (60kg P205 per ha and 
30kg N/ha) was applied at planting. Selecron (30ml in 20 litres of water) was sprayed on beans within 
five days after emergence to control bean stem maggot. Botanical insecticides were applied only when 
aphid and pod borer infestations were observed on the plants. 

• Cultural control of bean stem maggot in bean fields. Two bean varieties, Kabanima as a susceptible 
bean variety and Cinon as a cultivar resistant to bean stem maggot, were planted with and without 
fertiliser on 15 March at Isuto. Cultural control treatments included (1) untreated, (2) earthing up 
alone, (3) earthing up plus fertiliser, (4) fertiliser plus insecticide together with earthing up. A 
randomised complete-block design was used with four replications. Plot size was 4m by 4m. Spacing 
was 10cm within rows and 50cm between rows. 

• Study of effects of removing the growing tips of semi-climbing bean varieties on yield. Two semi-
climbing bean varieties, Uyole 96 (improved) and Masusu (local), were planted with and without 
fertiliser on 30 March at Mbawi. The growing tips in half of the plots were removed at the vegetative 
stage of the plants. Bean plants on the rest of the plots were left with growing tips. Observations were 
made on pod load, date to physiological maturity, seed size, and grain yield per plant. 

Monitoring and evaluation of experimental and demonstration plots 

The most important activities in the FFS approach were monitoring and evaluation of experimental and 
demonstration plots, which was done weekly by sub-groups, facilitated by researchers and extension officers. 
Ten plants were marked at various points in each plot. Participating farmers identified bean stem maggot, 
bean diseases, and aphids on the plants. They also observed weather conditions, stage of plant growth, 
differences in flowering dates and disease resistance among bean varieties, differences in insect population in 
relation to the types of insecticides applied, and differences in plant vigour and leaf colour in relation to 
planting dates and fertilisation. 

After field observations, sub-group members, facilitated by scientists, analysed data and discussed the 
results. This entailed drawing the plant at its present state of growth and sun or clouds to symbolise weather 
conditions. Comparisons were made among treatments in regard to types and number of insects and types 
and intensity of bean diseases, and whether they would reduce bean yield was discussed. Each small group 
made conclusions on the status of their findings. After discussions, each sub-group presented its findings and 
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conclusions to the larger group, which criticised their results. Based on these discussions, a decision was 
made as a group about what measures should be taken in the experimental and demonstration plots. 

Farmer field days and harvesting the experimental and demonstration plots 

Farmer field days were conducted at the harvesting stage. All village members were invited. Preliminary 
discussions were held during the field tour in order to clarify what was observed. All experimental and 
demonstration plots were harvested after the farmer field days. 

ACCOMPLISHMENTS/RESULTS 

Introduction of farmer field school (FFS) and formation of  farmers’ groups 

Fifty-two village members (10 female and 42 male) at Mbawi and 32 (8 female and 24 male) at Isuto 
attended the FFS introduction meeting. This poor attendance could be due to changes in the dates for the 
meetings in each village. The low number of females participating in the meeting could be due to the large 
number of field activities they had to attend to at that time. The introduction of the FFS concept created 
enthusiasm among farmers in both villages. Farmers formulated criteria for selecting members for the 
farmers’ group, including (1) he/she should be a farmer who has grown beans for at least two years, (2) 
he/she should be willing to learn and later teach other farmers in the village after FFS activities are over, and 
(3) he/she should be highly accepted by the community. As a result, farmers’ groups with common interests 
were formed in each village. The Mapambano farmers’ group at Isuto had 30 members and the Mbenya 
farmers’ group at Mbawi had 25 members. 

Training and planning workshop 

The training workshop enlightened members of the farmers’ groups about improved bean varieties, improved 
agronomic practices (such as planting time, spacing, weeding, etc.), principles of bean seed production, and 
bean pest control in both store and field. This helped farmers in each group to select treatments to test against 
their conventional practices and, subsequently, to draw up a working calendar for the FFS activities. For 
example, farmers’ group members at Mbawi decided to plant beans with and without fertilisers in order to 
evaluate the effects of fertilisation on bean production at various planting dates because farmers in Isangati 
Division do not apply fertilisers to most crops, and they selected Masusu and Kablanketi as local checks in 
their experimental or demonstration plots. The training also stimulated farmers to share their experiences on 
bean production with researchers. Farmers from both villages mentioned several botanicals they use as 
insecticides in bean fields and stores. These included tobacco, ipasyapasya, ashes, kweme, and finger millet 
husks, of which researchers were not aware. They also listed the names of local bean cultivars grown in their 
villages and the reasons for growing them. Masusu and Ntandabala are grown by farmers for their high-
yielding and disease-resistant characteristics, while Kablanketi and Msafiri are grown because they are 
marketable. The selection of the field site was considered an important factor in Mbawi. Farmers insisted 
that the site of the land for bean production should always lie south-west of the undulating hills. 

Monitoring and evaluation 

Weekly monitoring and evaluation of experimental and demonstration plots encouraged farmers to build up a 
spirit of learning, record keeping, and doing simple experiments. Farmers became aware of the relationship that 
exists between the organism and environment. For example, in the past, farmers could not differentiate the 
symptoms of bean stem maggot from fungal bean disease. After attending the FFS activities, farmers at Isuto 
identified the bean stem maggot and understood how and when the insect caused damage to the bean plant. 
This helped farmers to make decisions on how and when to control the insect. Unfortunately, as a result, 
farmers’ group members at Isuto sprayed insecticide on the control plot, and no results were obtained from the 
experiment. On the other hand, farmers at Mbawi identified different fungal bean diseases, such as Ascochyta, 
Anthrancnose, and rust, which they could not identify before. They also made plant specimens for reference. 

Farmers observed the genetic differences among bean varieties tested for disease resistance and flower 
intensity. At Mbawi, they noted that Kabanima resisted fungal diseases better and had more flowers than any 
other bean variety. At Isuto, farmers observed that improved bean varieties, Uyole 94 and Uyole 96, resisted 
fungal diseases better than the local bean cultivar, Kablanketi. 
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In all villages, farmers noted that plant vigour was better for the bean plants with fertiliser than those without. 
At Mbawi, farmers observed that the first planting (15 March 2000) had higher disease pressure than any other 
planting and were less affected by drought, compared to the third planting (15 April). Farmers at Isuto observed 
that the second planting (30 March 2000) was more affected by drought that the first planting. 

Farmers observed that semi-climbing bean cultivars with growing tips took longer to reach physiological 
maturity than those without growing tips. 

Farmers’ field days and harvesting of demonstration and experimental plots 

More than 50 farmers attended the field days in each village. Discussions held after field tours during the 
farmers’ field days revealed that participating farmers were impressed—not only with the FFS activities, but 
also with the confidence that farmers had when answering questions and explaining activities to other village 
members. Hence, farmers’ field days motivated other village members to join the FFS groups. Similar 
observations were noted at the Tembela Division field site where four more FFS groups were initiated after 
conducting farmers’ field days (SHERFS, 1999). Kingsley and Musante (19965) argue that the learning 
process is clearer and appears more practical to others when farmer group members, rather than non-farmers 
(such as extension officers or researchers), lead in explaining FFS activities to other village members. 

Beans were harvested after farmers’ field days in both villages. Results for each activity are discussed below: 

• Effect of planting time for early-maturing bean varieties (figures 1a and 1b). Generally, the grain 
yield performance of all bean varieties planted at Mbawi was better in the second planting (30 March 
2000) than in any other planting, with an average mean grain yield of 1335 kg/ha. This planting was 
farmers’ practice. At Isuto, all bean varieties performed better in the first planting (1 March 2000) than 
in the second planting, which was farmers’ practice. 

Bean varieties, Kabanima and Uyole 96, out yielded other bean cultivars in all plantings and out 
yielded the local bean cultivar by more than 50% in some of the plantings. 

 

 

Figure 1a. Yield of bean cultivars planted at different dates at Isuto 
 

 

Figure 1b. Yield of bean cultivars planted at different dates at Mbawi 
 

• On-farm seed multiplication of early-maturing bean varieties (figures 2a and 2b). Grain yield for 
the bean cultivars planted at Ilembo (another village in the Isangati Division) was better than that of 
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bean cultivars planted at Mbawi (figure 2a). Kabanima out yielded the local bean cultivar, Masusu, by 
more than 50% at Ilembo and less than 50% at Mbawi. At Isuto, Uyole 96 out yielded the other bean 
cultivars (by up to 50%, compared to local bean variety, Kablanketi). 

• Verification of botanical insecticides in aphid and pod borer control in bean fields. No significant 
difference in yield was observed among treatments at Isuto and Mbawi villages. This could be due to 
low level of insect pest infestation on the bean plants which was observed by farmers during 
monitoring tour. Hence this experiment was requested to be repeated next season. 

 

Figure 2a. Yield of bean cultivars planted at Mbawi and Ilembo 
 

 

Figure 2b. Yield of bean cultivars planted at Isuto 
 

• Cultural Control of bean stem maggot in bean fields. After farmers understood how important the 
bean stem maggot was economically, they decided to spray the whole experiment with insecticide in 
order to protect the beans. Hence, no significant yield difference was observed among treatments.  

• Removing the growing tip of semi-climbing bean varieties. Farmers did not observe any significant 
difference in yields between bean plants with growing tips and those without. Instead, they observed 
differences in seed size. Plants without growing tips reached physiological maturity earlier and had 
large seed size than those with growing tips. 

•  Use of fertilisers. The effect of fertilisers in bean production was appreciated by farmers, and they 
planned to use it in future. They said that yields of bean cultivars planted with fertilisers were higher 
than those without fertilisers (table 1). 

ASSESSMENT OF FIELD METHOD 

Reason for adoption 

The FFS method has high chance of being adopted as a potential methodology to develop and transfer 
appropriate technologies to small holder farmers in Tanzania. This is due to the fact that the method gives 
good impact on farmer’s adoption of technologies being tested. The methodology involves farmers fully in 
problem identification and in development and testing of a technology designed to solve the problem.  



 

 103 

 

Farmers critically analyse the environment and study its relationship with the organism and later make 
decision of whether to adopt the technology or not. 

For example in the evaluation of planting time for early maturing bean varieties, farmers have began to take 
divisions on when to plant these bean varieties. Basing on the observations they make during monitoring and 
evaluations. Farmers, also, decided to multiply seed of bean varieties, which they observed to be suitable 
under their environment. 

Differences between methods 

In the FFS method, as stated earlier, farmers’ problems and needs are identified and prioritised during a PRA 
study, making the method participatory and bottom-up. It differs from T&V because there the problems and 
needs of farmers are determined by researchers, making the approach top-down. 

Through training and planning meetings, the FFS method considers farmers as experts in bean production 
and that they have something to contribute to treatment selection (in contrast to T&V, where researchers 
select the treatments). Farmers are given the chance to become part of the research system by incorporating 
their experiences in experimental activities and sharing them with others. For example, a farmer at Mbawi 
claimed that removal of the growing tip from semi-climbing bean plants increased the yield of beans in his 
field. Other farmers’ group members agreed to conduct investigations on the effects of removing the growing 
tip from semi-climbing bean plants in their experimental plot. Farmers at Isuto included cultural control of 
bean stem maggots in an experimental plot because they felt that the insect was important in the area. 

In the FFS approach, discussions held during monitoring and evaluation also increased interactions among 
stake holders, thus strengthening the research-extension-farmer linkage. At Mbawi, the stakeholders met 
more than six times after establishing the experimental and demonstration plots. In the T&V method, contact 
farmers rarely meet with other stakeholders, thereby weakening the research-extension-farmer linkage. 

The FFS approach empowered farmers in decision making. For instance, farmers at Mbawi selected 
Kabanima and those at Isuto selected Uyole 96 for further seed multiplication and distribution in the villages, 
based on field observations they made during agro-ecosystem analysis. They also noted that these varieties 
out yielded other bean cultivars at each respective village (figures 1a and 1b). Farmers observed that 
Kabanima and Uyole 96 produced more flowers and showed good pod load and resistance to diseases 
compared to other bean varieties tested. 

Similar results were observed from IPM/FFS for potatoes conducted for one season at the Tembela Division 
field site by the Southern Highlands Extension and Rural Financial Services (SHERFS) project (1999). 
Participating farmers were able to assess crop health, pest enemies, and friendly pests and their relationship 
to crop losses before deciding when to apply pesticides. This kind of knowledge helped the farmers in 
Tembela Division reduce the use of pesticides by 20% on IPM plots. In T&V, contact farmers lack such 
experience because every field operation is done according to the calendar of work, which is proposed by 
researchers. For instance, it has been recommended that bean stem maggot should be controlled within five 

Table 1. Mean Grain Yield (kg/ha) of Bean Cultivars Planted with and 
without Fertilisers at Different Dates, Mbawi Village 

Planting dates Bean varieties With fertiliser Without fertiliser 

15 March 2000 Uyole 98 
Kabanima 
Kablanketi 

1240 
1330 
520 

560 
670 
480 

 Means  1030 543 

30 March 2000 Uyole 98 
Kabanima 
Kablanketi 

2240 
24700 
1340 

660 
830 
670 

 Means  2073 687 

15 April 2000 Uyole 98 
Kabanima 
Kablanketi 

860 
1090 
1000 

410 
510 
694 

 Means  983 533 
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days after seed emergence. However, in the Southern Highlands, it has been noted that some farmers have 
controlled bean stem maggot in the field after the recommended time. As a result, several bean plants were 
destroyed by the insect. This could be because such farmers did not understand the logic behind controlling 
the insect at the recommended time. 

T&V also has less impact on the adoption of new crop technologies amongst farmers. T&V farmers’ field 
days are conducted by researchers or field officers, who are not considered farmers.  

Cost effectiveness 

The FFS approach is cost effective. The cost analysis in table 2 shows that the bean planting activity cost 
401,000 shillings to serve 55 farmers using the FFS approach (7,291 shillings per farmer), while it cost 
2,722,000 shillings to serve the same number of farmers using T&V (49,680 shillings per farmer). 

 

Table 2. Cost Analysis of FFS Approach Versus T&V Method for Planting Beans 

FFS Approach T&V Method 
Number of staff 3 Research Officers 

(ROs) 
Number of staff 3 Research Officers 

(ROs) 
 2 ADP Staff  2 ADP Staff 
 1 Driver  1 Driver 
    
Number of farmers 55 Number of farmers 55 
Number of days 3 days Number of days 11 days 

Assumption that for one 
extension officer to work 
efficiently, he/she should 
serve 5 farmers per day 

Land size 0.5 acres/site x 1 acre 
for two sites 

Land size 11 hectares 
In T&V, each farmer 
plants the experimental 
and demonstration on 
his/her farm of 0.5 acre 

Number of sites 2 Number of sites 55 
 Costs  Costs 
Nights out  Nights out  
 3 R.O. @ 20,000/=  
 x 3 days 

180,000/=  3 R.O. @ 20,000/=  
 x 11 days 

660,000/= 

 2 ADP @ 6,000/=  
 x 3 days 

36,000/=  2 ADP  @ 6,000/=  
 x 11 days 

142,000/= 

 1 driver @  
 10,000/= x 3 days 

30,000/=  1 driver @ 10,000/=  
 x 11 days 

110,000/= 

 Fuel 45,000/=  Fuel 100,000/= 
  Sub-total 291,000/= Sub-total 1,010,000/= 

Inputs  Inputs  
 Insecticide: 2 litres 
 Selecron @ 9,000/= 

 
18,000/= 

 Insecticide: 10 litres 
 Selecron  @ 9,000/= 

 
180,000/= 

Fertilisers  Fertilisers  
 2 bags TSP @ 
 11,000/= 

22,000/=  22 bags TSP @ 
 11,000/= 

242,000/= 

 2 bags CAN @ 
 9,000/= 

18,000/=  22 bags CAN @ 
 9,000/= 

99,  000/= 

 100kg bean seed 
 @ 520/= 

52,000/=  770kg bean seed @ 
 520/= 

400,400/= 

Sub-total 120,000/= Sub-total 1,712,400/= 
    
GRAND TOTAL 401,000/= GRAND TOTAL 2,722,400/= 
Cost per farmer  7,291/= Cost per farmer  49,680/= 
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Problems encountered in implementing the intervention 

• Female participation in farmer field schools was low, compared to men. This was noted in both 
villages. The women claimed that they had a lot of work to do on their farms. To improve female 
participation, women’s farmers field schools should be initiated. 

• Participation of policymakers in FFS activities is low, from the village to the regional level. To improve 
policymakers’ involvement in FFS activities, seminars and workshops should be targeted to them. 

• Although the objectives of FFS were clearly explained to farmers’ groups, some of the group members 
dropped out because they had expected to be given loans. Farmers’ groups started with 25 members at 
Mbawi and 30 at Isuto. Now there are only 20 members in each village. 

• It was difficult for the facilitator to conduct FFS without formal training on the FFS approach. It 
would be better to train the facilitator before she/he undertakes the responsibility of conducting FFS. 

Lessons learned 

1. Facilitators should have local knowledge before conducting FFS in a community. For example, a lot of 
indigenous knowledge and experience was gathered in a short time during the training workshop. It is 
important, therefore, for facilitators to orient themselves in a community prior to initiating FFS. 

2. The FFS approach can empower farmers in decision making because it provides greater experience on 
which they can base their decisions. During monitoring and evaluation, farmers are involved in all 
stages of bean production. These experiences could be further improved by encouraging farmers’ 
groups and facilitators to visit other field school sites to see how local conditions differ, how farmers 
address their problems, and what approaches are used. 

3. The FFS approach establishes effective linkages and partnerships among stakeholders, especially 
during monitoring and evaluation, when there is a lot of interaction among stakeholders. 

4. The approach develops an organised group of farmers who are experts in bean production, which can 
later serve other farmers in the village. To improve the situation, such groups should be recognised by 
the government and supported. 

5. FFS can quickly spread information on new improved technologies in a community and motivates 
other groups to join FFS groups. For instance, a women’s church group from Ilembo asked to join the 
FFS group after hearing from their neighbours about the introductory FFS meeting and the formation 
of farmers’ groups. To improve the situation, leaflets on FFS should be distributed in the community 
during that meeting. 

6. The FFS approach can be cost effective. 

RELEVANCE TO THE COUNTRY AND TO THE REGION 
The FFS approach, as a method for appropriate technology development and transfer to sm allholder farmers 
in Tanzania and in the other parts of the region, is very relevant and has a high chance of being adapted 
because of the following reasons: 

• The ratio of farmers to extension staff in the field is invariably high. It has been documented that only 
seven village extension officers serve 27 villages in Isangati Division. Spore (1997) reported similar 
trends throughout the African continent. The use of the FFS approach in such situations could help to 
speed up the diffusion and adoption of new technologies among sm allholder farmers. Dilts and Hate 
(1996) argue that the goal of FFS is not just to bring skills to a set of individual farmers but to develop 
an organised group of farmer ‘experts’ who can serve other farmers in the village. 

• Lack of funds is a common problem all over the region. There are insufficient funds for transport and 
supporting materials to allow extension agents to serve all farmers’ needs. Hence, a choice must be 
made of where extension inputs are most likely to have the greatest impact. The FFS approach appears 
to be a possible solution. 

• In Tanzania and in the other parts of the region, farmers’ priority problems and needs have been 
ignored in technology development for too long. With the FFS approach, men and women with 
varying responsibilities on their farms and in their communities can participate in formulating plans 
and can receive recognition for their indigenous knowledge. 
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• About 85% of the population in Tanzania is mostly sm allholder farmers who live in rural areas where 
access to information about new technologies is limited. Many sm allholder farmers do not even have 
a radio or the time to listen to radio news. The FFS approach provides access to information while 
generating enthusiasm among participating farmers during the implementation of FFS activities. 

Prospects for FFS institutionalisation in the country are high but well-defined problems and trained and 
dedicated facilitators are required. In Tanzania, very few facilitators are trained in FFS concepts and most 
farmers’ problems and needs are not well prioritised. Political commitment in terms of formulating policies 
that favour FFS and providing resource support to FFS is lacking. 

Successful FFS require well-trained, dedicated facilitators, adequate resources, and good logistical support. 
All stakeholders in FFS should have a clear understanding of the concept, and authorities at all levels should 
support the FFS approach. 

CONCLUSION 
FFS is a useful approach to technology and to targeting dissemination, and it can complement other 
approaches, such as farmer-to-farmer, farmers’ groups , PEA , FSA, and PRA. 
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DEVELOPMENT AND PROMOTION OF IPM TECHNOLOGIES FOR 

COMMON BEANS FOR SMALLHOLDER FARMERS IN NORTHERN SUDAN 

F. L. Oji and S. A. Mohamed 

ABSTRACT 
The common bean plays a major role in Sudan's economy. It is second in importance to faba bean in terms 
of production and consumption and provides a cheap source of protein for smallholder farmers and a 
source of cash. Insect pests are the major biotic constraints to the production of the crop, although no post-
harvest pests (bruchids) have been recorded in any of the locations surveyed: beans can be stored without 
protection up to 15 years without any bruchid damage. Results from a survey carried out to generate 
information on farmers' perceptions and management of bean pests revealed that smallholder farmers do 
not know the biology of insects and tend to think that all insects observed in their fields are harmful. Insect 
pests in farmers' fields remain largely uncontrolled due to farmers' financial constraints and ignorance of 
the level of infestation. In cases where pesticides are used, the danger is not overuse of the pesticide but 
misuse. The challenge for research is to develop simple, affordable, environmentally friendly, and 
sustainable pest-control methods and methods of promoting developed technologies. Results from a three-
season on-station experiment and one on-farm demonstration revealed that the use of cultural practices, 
such as intercropping with Coriandrum sativum as a whitefly repellent, were consistently and significantly 
effective in reducing the whitefly population in bean fields. The Coriandrum was also observed to be a good 
reservoir of natural enemies and honey bees. Neem seed extract and a powder from Acacia stenophylla pod 
extract had slow but effective results on whitefly when compared to the untreated check. However, 
intercropping with Coriandrum received more acceptance by farmers because of its repellent effect on pests 
and the fact that it is an additional product that can be sold to earn extra cash. Neem seed extract was the 
best botanical insecticide that was accepted: neem is found in almost all households as a shade tree and its 
extract can easily be processed and used without fear of being poisoned. 

RÉSUMÉ 
Le haricot commun joue un rôle essentiel dans l’économie du Soudan. Il occupe la seconde place après la 
fève en termes de production et de consommation et constitue une source bon marché de protéines ainsi 
qu’une source de revenus pour les petits exploitants agricoles. Les insectes ravageurs représentent la 
principale contrainte biotique de cette culture, bien qu’aucun ravageur après récolte (bruches) n’ait été 
enregistré dans les emplacements examinés. Les haricots peuvent être entreposés sans protection pendant 
une quinzaine d’années sans subir de dommages liés aux bruches. Une étude menée auprès des agriculteurs 
sur leur perception et leur gestion des ravageurs du haricot a révélé que les petits exploitants agricoles ne 
connaissent pas la biologie des insectes et ont tendance à penser que tous les insectes observés sur leurs 
champs sont nuisibles. Les insectes ravageurs demeurent dans l’ensemble non maîtrisés du fait des 
contraintes financières et de l’ignorance du niveau d’infestation. Lorsque des pesticides sont utilisés, le 
danger est leur emploi inapproprié plutôt qu’excessif. La recherche a pour défi d’élaborer des méthodes de 
lutte contre les ravageurs simples, d’un prix abordable, respectueuses de l’environnement et durables ainsi 
que de bonnes stratégies de promotion. Les résultats d’une expérience à la station de recherche sur trois 
saisons et d’une démonstration en situation réelle ont révélé que l’utilisation de pratiques de cultures, telles 
que la culture associée de Coriandrum sativum (coriandre) en tant qu’insectifuge de la mouche blanche 
(Aleurode) permettait de réduire de manière efficace et significative la population de mouches blanches 
dans les champs de haricots. Coriandrum s’était révélé un bon réservoir d’ennemis naturels et d’abeilles. 
Les extraits de graines de margousier et une poudre provenant de gousses d’Acacia stenophylla avaient 
montré des résultats lents mais efficaces contre les mouches blanches en comparaison avec la parcelle 
témoin non traitée. Toutefois les agriculteurs préféraient la culture associée de Coriandrum du fait de son 
effet répulsif contre les ravageurs et des revenus supplémentaires que représente la vente du coriandre. Les 
extraits de graines de margousier étaient l’insecticide botanique le mieux accepté. Cet arbre apprécié pour 
son ombre se trouve souvent aux abords des maisons et l’extrait de ses graines peut être facilement traité et 
utilisé sans risque d’empoisonnement. 

The authors are located at the Hudeiba Research Station, P.O. Box 31, Ed-Damer, Sudan. 
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INTRODUCTION 
The common bean plays a major role in Sudan's economy, second in importance to faba bean in terms of 
consumption and production. It is a cheap source of protein for smallholder farmers (Mohamed and Salih, 
1990) and a good source of cash; farmers and can fetch a high price in the nearby Arab world market. The 
production of the crop is limited by a number of constraints, such as poor cultural practices, pests and 
diseases, soil salinity, and lack of certified seeds (Salih et al., 1990). Insect pests are one of the most 
important constraints to bean production in Africa, causing yield losses of up to 100% (Karel and Autrique, 
1989). In the northern Sudan, whitefly, Bemisia tabaci (Gen.), is the number one enemy of the crop. In years 
of heavy infestation, the pest completely devastates the crop. Aside from causing direct damage, it acts as a 
vector of viral diseases (Allen, 1987). 

Informal survey results and field observations indicate that other pests, such as African bollworms, are gaining 
economic importance. Because most smallholder farmers have very little land, which is continuously divided as 
the family expands, crop rotation is not possible and often results in a build-up of pests and diseases. 

In such situations, the challenge to research is to collect information on the farmers' perceptions of pests and 
their management, in order to develop simple, affordable, environmentally friendly, and sustainable methods 
of pest control. That was the objective of this study. 

MATERIALS AND METHODS 

Survey on farmers' perception and management of bean pests 

Informal surveys and field observations have indicated that damage caused by insect pests, in general, has 
reached an alarming level. This necessitates conducting strategic studies to collect concrete information on 
the types of pests attacking beans and the extend of damage caused. To this effect, a questionnaire survey 
was carried out on farmers' perceptions of and attitudes toward insect pest problems in the major bean-
growing areas. In total, 84 farmers were interviewed: 20 in Shendi, 17 in Gadawab, 18 in Nahri Atbara, 11 in 
Selwa, and 18 in Berber. They were asked about insect pests attacking the common bean, the extent of 
damage caused by each pest, control methods practiced, and other related factors. Insect counts were taken in 
each farmer's field on 10 randomly selected plants. Each crop was visually inspected for the adults, larvae, 
and eggs of the pests, along with damage symptoms and the presence of natural enemies. The plants were 
also shaken to take note of any flying or falling insects. A board bearing pictures of insects known to be bean 
pests was used to help farmers identify insects that inflict damage on the crop. 

Evaluation of some botanical and chemical insecticides in the bean field 

Efforts were made for three successive seasons in Hudeiba Research Station and for one season in on-farm 
demonstrations to develop simple, affordable, environmentally friendly, and sustainable methods of pest 
control for the smallholder farmers. Trials consisted of the following treatments, including Sumicidin 
(0.3ml/litre of water) as a standard check: intercropping with coriander, neem seed extract (0.3ml/litre of 
water), A. stenophylla pod powder extract (1kg/50 litres of water), plain water as a control. 

In the on-farm demonstration, neem seed extract at 1kg/80 litres and ash (1kg/42m2), based on farmers' 
practice, were added to the original five treatments. 

In a completely randomised block design with four replications, seeds of variety RO/2/1 were sown in plots 
measuring 7m x 6m. Coriander was sown between the bean plants. Parameters were adult whitefly counts 
and yield (kg/ha). The whitefly population density was counted on two top, one middle, and two lower 
leaves on five randomly selected plants per plot. All cultural operations were as per ARC standards. Extracts 
of neem seed and A. stenophylla pod powder were prepared as follows: neem seed kernels or A. stenophylla 
pods were pounded in a wooden mortar to a paste or powder. The paste or powder was then mixed with the 
right amount of water in plastic containers. Using a stick, the contents were thoroughly stirred and left 
overnight in a tightly closed plastic container. In the next morning it was stirred again then sieved to remove 
residues that might block sprayer nozzles. 

The pesticides were sprayed as per the application rates indicated above, using three-gallon pneumatic 
knapsack sprayer. Ash was dusted on the beans by hand. Analysis of variance and Duncan's Multiple Range 
Test (DMRT) were performed (table 1). Two dosage levels were used for neem seed extract in the 
2000/2001 season (table 1). 
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Table 1.   Effect of Coriander and Selected Insecticides on Whitefly Populations and 
Yields of Common Beans 

Post-spray count 
Treatment 

Pre-spray 
count 3 Days 7 Days 14 Days 

Yield 
kg/ha 

1997/1998 season      

Intercropping with coriander 
Sumicidin 
Neem seed extract 
A. stenophylla pod powder 
Control 
C.V.(%) 
S.E.+ 
Level/sign 

5.5 
5.5 
4.9 
5.3 
4.9 
0.2 
7.5 
* 

5.1 
5.9 
5.2 
5.4 
5.9 
0.3 

10.0 
ns 

1.3 
1.2 
1.1 
1.4 
1.4 
— 

30.5 
ns 

1.9 
2.2 
5.9 
4.2 
6.2 
0.9 

43.5 
* 

2013 
2076 
2405 
2130 
2162 
24.7 
23.4 
ns 

1998/1999 season      

Intercropping with coriander 
Sumicidin 
Neem seed extract 
A. stenophylla pod powder 
Control 
C.V.(%) 
S.E.+ 
Level/sign 

10.4 
18.9 
16.4 
16.4 
17.1 
16.2 
0.3 
** 

8.7 
10.2 
11.2 
12.3 
22.3 
24.1 
0.4 
*** 

7.2 
8.6 
9.1 
11.2 
14.7 
18.3 
0.2 
*** 

4.0 
5.0 
4.7 
4.0 

17.2 
41.6 
0.4 
*** 

1256 
1070 
1025 
905 
700 
17.4 

236.5 
* 

1999/2000 season      

Intercropping with coriander 
Sumicidin 
Neem seed extract 
A. stenophylla pod powder 
Control 
C.V.(%) 
S.E.+ 
Level/sign 

4.3 
9.8 
9.6 
9.9 
11.6 
12.5 
0.6 
*** 

1.3 
0.7 
5.4 
4.8 
6.7 

44.9 
0.9 
** 

3.6 
1.2 
1.3 
2.6 
5.4 
44.3 
0.8 
* 

1.3 
1.0 
1.5 
1.2 
1.9 

25.9 
0.2 
* 

1515 
1600 
1465 
1480 
960 
22.3 

391.5 
* 

2000/2001 season      

Intercropping with coriander 
Sumicidin 
Neem seed extract (1kg/80 litres) 
Neem seed extract (1kg/40 litres) 
A. stenophylla pod powder 
Ash 
Control 
C.V.(%) 
S.E.+ 
Level/sign 

5.0 
18.0 
16.3 
13.3 
16.5 
14.0 
18.0 
14.5 
1.0 
*** 

3.7 
1.3 
5.5 
5.0 
5.7 

12.5 
17.0 
20.7 
0.7 
*** 

3.0 
1.5 
5.0 
4.0 
5.0 
14.3 
17.5 
15.0 
0.5 
*** 

3.5 
1.0 
4.3 
3.7 
3.3 

14.8 
16.3 
17.4 
0.6 
*** 

2400 
2660 
1860 
1980 
1900 
1200 
1000 
31.3 
72.7 

** 

Note: Figures for mean # of whiteflies/100 leaves transformed to √x+1. 
* p < .05. 
** p < .01. 
*** p < .001. 

 



 

110 

RESULTS AND DISCUSSION 

Survey of farmers' perceptions and management of bean pests 

Based on the results of the survey, damage from insect pests occurs every year on common beans (table 2). 
The major insect pests identified, in order of their economic importance, were whiteflies, Bemisia tabaci 
(Gen.); African bollworms, Helicoverpa armigera (Hub.); cutworms, Agrotis ipsilon (Hufnagel); leaf miners, 
Lirimyza congesta (Becker); aphids, Aphis craccivora (Knock); thrips, Caliothrips impurus (Pries); rats, 
Mastomys natalensis macrolepis (Sund.), especially near human settlements; desert locust, Shistocerca 
gregaria (Forsk.); spidermites, Tetranychus cinnabarinus (Boisd.); and jassids, Empoasca lybica (De Berg.). 
Natural enemies observed were lacewings, Chrysoperla carnea; unidentified syrphidfly and Coccinella spp. 

Fifty-seven percent of the farmers in Selwa and 50% in Nahri Atbara classified African bollworms as a 
severe pest. This was confirmed by direct field counts. According to farmers' observations, the pest is more 
severe when the wind blows from the northeast (Hawashergi). At Gadawab, 55%of the farmers indicated that 
whiteflies were responsible for their low crop yields because there was no time when the pest was 
completely absent from the bean fields. Cutworms were classified by 35% of the farmers in Berber as a very 
severe pest, mainly in weedy fields, and they pointed out that two tillage operations before sowing can 
substantially reduce cutworm damage. This view was shared by farmers in Gadawab and Selwa. Most 
farmers felt that aphids were a pest of faba beans; however, 35% of farmers in Shendi reported that aphids 
caused damage to their common beans. 

None of the farmers interviewed know the biology of insects (in fact, some farmers claim that pest problems 
are due to pest eggs being mixed with insecticides by chemical companies), and they regarded some 
predators as pests. Bentley and Andrews (1991) state that farmers are observant and rely on their own 
creativity to help them survive on scarce resources. However, they lack a well-developed concept of natural 
enemies and tend to think that all insects are harmful. 

Although farmers are aware of the damage caused by insect pests, these pests remain largely uncontrolled 
due to farmers' ignorance of the pest status of their fields and what chemical to use. Of 84 farmers 
interviewed, only 10% (8) used chemical pesticides. They wear ordinary clothes when spraying chemicals, 
and the use of a tomato paste tin full of chemical to one gallon of water is a common practice. This dose is 
the same for all chemicals encountered. Sengooba (1991) has mentioned that the problem with pesticide use 
in resource-poor farmers' fields is not overuse but misuse. Insecticides mentioned to have been used were 
Sevin, malathion, fenitrithion, and dimethioate, which means that these farmers might have sprayed other 
chemicals because dimethioate and fenitrithion are not found in this region. 

Ninety percent of the farmers did not spray their crops, either because the control method is expensive or 
unknown, or because no time is available. However, most farmers were aware of manipulating the sowing date 
as a way to control pests. Although the common bean is mainly grown as a sole crop, some farmers practice 
mixed cropping with lubia (Dolachus lablab) as a whitefly attractant (bait), which can be used as animal fodder 
later on. 

Table 2.  Consistency of Pest Damage from Year to Year 

Percent of farmers classifying pest 
as very severe 

Pest 

Number of 
farmers 

classifying pest 
as very severe Every year Some years Rarely 

Whiteflies 
African bollworms 
Cutworms 
Leaf miners 
Aphids 
Thrips  
Rats  
Desert locust 

73 
70 
32 
15 
10 
9 
8 
6 

93 
41 
80 
79 
14 
63 
0 
0 

7 
35 
20 
16 
86 
30 
57 
0 

0 
24 
0 
5 
0 
7 
43 

100 
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No post-harvest bean pests (bruchids, Bruchidus incarnatus Boheman) have been recorded in any of the 
locations surveyed. Farmers hold that the common bean—unlike faba beans and chickpeas—is not a risky 
crop to store. It can be stored up to 15 years without any bruchid damage. Although the mechanism of 
common bean resistance to bruchid damage in stores is possibly an antibiosis reaction, 78% of the farmers 
attributed it to its hard, cement-like and slippery testa. Most respondents (98%) indicated that they leave their 
beans in the field after harvesting for two weeks or more while doing other pressing field work and thresh the 
beans during their leisure time. 

Evaluation of some botanical and chemical insecticides in bean fields 

Results from both on-station trials and on-farm demonstrations revealed whiteflies on bean plants immediately 
after the first true leaves began to unfold. Kisha (1981) indicated that whitefly eggs were observed on tomato 
plants immediately upon germination. Statistical analysis of the data showed that intercropping the common 
bean with coriander as a whitefly repellent was consistently and significantly effective in repelling whiteflies 
and improving bean yields (table 1). Similar results were observed with tomatoes (Abdelrahman, Nafisa et al., 
1995; Abdelrahman, Mamoun et al., 1992; Ahmed 1994; Ahmed et al., 1994). To be effective, coriander has to 
be fresh and green. Its maximum repellence is attained at flowering time. Coriander was also observed to be a 
good reservoir of natural enemies and honey bees. Dent, (1991) mentions that a variety of crops, if present 
together, create perfect conditions for the presence of natural enemies. Although coriander compares 
favourably with sumicidin, as a chemical insecticide the sumicidin is, however, superior in most cases. 
However, no significant difference could be detected in bean yields between sumicidin and coriander as an 
intercrop. Neem seed and A. stenophylla pod powder extracts were slow in affecting the whitefly; however, 
both botanicals resulted in higher yields than the untreated control. Saddig (1991) indicated that neem seed 
extract controls pests through three modes of action: repellent, antifeedant, and growth regulation, in addition to 
a comparatively weaker insecticidal effect. 

Although sumicidin was superior in the on-farm demonstration (table 1), coriander maintained its good 
repellent effect on whiteflies and significantly (p < .001) improved the bean yield (2400 kg/ha) compared to 
the untreated control (1000 kg/ha). Intercropping common beans with coriander was more highly accepted 
by the farmers because of its repellent effect on pests and the fact that it is an additional product that can be 
sold to earn some cash. Neem seed extract was the most highly accepted botanical insecticide because the 
tree is used as a shade tree around almost all houses and its extract can be easily processed and used without 
fear of getting poisoned. Dusting the common bean with ash to control whiteflies did not significantly differ 
from the untreated control in regard to the bean yield. 

Socio-economic feasibility 
The positive attitude shown by farmers to the on-farm demonstration results does not mean that the 
technology will be adopted in its first year of application. More work is still going on to draw concrete 
conclusions. Generally, farmers are conservative and do not change their traditional practices unless they are 
convinced of obvious benefits. The impact of cultural practices and botanicals on pests is not as immediate 
as most synthetic chemicals, which are preferred by some farmers. For such farmers, cultural practices and 
botanicals will not be satisfactory. However, these methods are alternatives for those farmers who can not 
afford or do not want to use chemical insecticides. 

In regard to promoting IPM technologies, the participatory approach has both advantages and disadvantages: 

Advantages 
• strengthens linkages between farmers, extensionists, and researchers 

• the biology of pests and causes of pest resurgence are better explained by scientists 

• scientists can benefit from farmers’ experience 

• scientists become familiar with farmers’ pest problems and how they respond to them 

• farmers become willing to learn and change—can lead to development of self-sustaining rural network 

Disadvantages 
• farmers expect material help 

• farmers may drag politics into on-farm discussions, which may be disastrous to the whole program 

• frequent visits to farmers' fields and late arrivals home may cause family problems 
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BEAN SELECTION IN PARTNERSHIP WITH FARMERS IN ZAMBIA 

Kennedy Muimui, Helen Kasalu, Kennedy Kanenga, and Mathias Zulu 

ABSTRACT 
In Zambia, beans rank second after groundnuts among the food legumes, but the yields of 300 kg/ha to 500 
kg/ha in farmers’ fields are far below the potential of 1500 kg/ha to 2000 kg/ha. In 1985 the Food Legumes 
Research Team released a variety, Carioca, because of its high yields and resistance to major bean 
diseases. Little attention was given to the seed type, size, and colour, and the variety was not well accepted 
due to its ‘flat’ taste, colour, and small seed size. The team in Zambia, in partnership with farmers, has 
worked on improving yield by genetic improvement in combination with cultural practices that include 
spacing, seed dressing, time of planting, etc. Through close collaboration with the Southern African Bean 
Research Network (SABRN) and International Center for Tropical Agriculture (CIAT) headquarters, the 
team has managed to identify three lines that proved better in terms of yield, resistance to disease, and 
acceptability with farmers. In the last half of the decade, the team managed to work with farmers in 
identifying preferred lines and, as a result, three varieties have been released: Chambeshi (A197), Lyambai 
(CAL 143), and Lukupa (PEF 14). 

RÉSUMÉ 
En Zambie, le haricot vient en seconde position après les arachides sur le plan de la culture des 
légumineuses. Toutefois, les rendements en situation réelle, qui sont de 300 kg/ha à 500 kg/ha, se situent 
bien en deçà des possibilités estimées à 1500 kg/ha voire 2000 kg/ha. En 1985, le Programme légumineuses 
a introduit Carioca, une variété à haut rendement et résistante aux principales maladies du haricot. Peu 
d’attention avait été accordée au type de semence, à sa taille et à sa couleur, et la variété n’avait pas été 
bien acceptée du fait de son goût fade, de sa couleur et de la petite taille des graines. L’équipe de Zambie, 
en collaboration avec les agriculteurs, a travaillé sur l’augmentation des rendements en associant 
améliorations génétiques et pratiques culturales telles que l’espacement entre les semis, la désinfection des 
semences, l’époque de plantation, etc. Grâce à une collaboration étroite avec les sièges du Southern African 
Bean Research Network (SABRN) et du Centre international d’agriculture tropicale (CIAT), l’équipe est 
parvenue à identifier trois lignées qui se sont révélées les meilleures en termes de rendement, résistance aux 
maladies et acceptation de la part des agriculteurs. Au cours des cinq années suivantes, l’équipe a réussi en 
collaboration avec des agriculteurs à identifier des lignées ayant la préférence. C’est ainsi que trois variétés 
suivantes ont été introduites : Chambeshi (A197), Lyambai (CAL 143) et Lukupa (PEF 14). 

INTRODUCTION 
The bean programme in Zambia has focused its research on improving lines that are not only high yielding 
but also preferred by farmers. When Carioca was released in 1995, it received a mixed reception from 
farmers because of its small seed size and flat taste, even though it was quite high yielding compared to the 
local varieties. While the importance of key breeding activities on research stations cannot be questioned, the 
objective of participatory research is not only to identify potential new varieties within the technical and 
scientific framework, but what is also crucial is to transfer evaluation processes to the end users (that is, the 
farmers) from a range of diverse social and economic backgrounds, to empower them to participate at the 
earliest stage in selecting appropriate varieties for their use (Scott 1995; and Scott and Maideni, 1998). 
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In bean research it is important to work with farmers in selecting materials, from the point of view of 
planting, harvesting, cooking, and storage. Farmers normally look at different characteristics in choosing a 
variety, some of which are seed colour, seed size, growth habit, and resistance to insect pests and diseases. 
Further selection can be based on cooking time and taste. With the close collaboration with farmers, the Food 
Legumes Team in Zambia managed to release three bean varieties: Chambeshi (A 197), released in 1998, 
and Lyambai (CAL 143) and Lukupa (PEF 14), both released in 1999. 

This paper discusses the collaboration between researchersand farmers in coming up with varieties selected by 
both parties. This work involved farmers in making selections at different stages of the bean crop. 

MATERIALS AND METHODS 
The work, which started with researchers selecting the materials, was taken on-farm in the bean-growing 
areas of the country: Kapatu, Nsokolo, and Mungwi in the Northern Province; Solwezi and Mwinilunga in 
the North Western Province; and Lundazi and Chipata in the Eastern Province. 

A number of on-farm trials (OFTs) and demonstrations were conducted, with a total of four new varieties 
and one local check. Plot sizes of 5 x 5 were used, with a spacing of 60 cm x 10 cm planted on ridges. Basal 
dressing fertiliser (Compound D) was applied at the rate of 150 kg/ha at planting. The seed was either 
dressed with Endosulphan (5 g of Endosulphan 50% WP mixed with 1 kg of seed) or Furadan granules 
sprinkled in planting furrows at planting at the rate of 12 kg/ha. 

The plant stand was recorded at emergence and harvest. The incidence of disease and insect pests was also 
recorded. 

Farmers were invited to the sites to make selections at different stages of crop growth. The crop was also 
assessed in terms of disease and insect pests. Further selections, based on seed type, colour, and size, were 
made after harvest. 

RESULTS AND DISCUSSION 
The results showed that farmers have other characteristics than yield alone, which they consider to be very 
important when choosing bean varieties (table 1). 
 

Table 1. Farmers’ Scores, by Important Characteristics in Selecting Bean Varieties 

Variety 

Characteristic PAT 10 Lukupa Lyambai Chambeshi Local 

Early flowering 3 1 2 2 3 

Seed size 4 3 1 1 2 

Seed colour 3 3 1 1 1 

Growth habit 2 4 1 1 3 

Early Maturing 3 1 3 3 3 

Vegetative vigour 2 3 1 1 4 

Reaction to pests 2 4 2 2 3 

Reaction to disease 2 3 2 3 4 

Marketability 5 3 1 2 1 

Yield 1 1 1 1 4 

Total 27 26 15 17 28 

Rank 4 3 1 2 5 

Note: Scores ranged from 1 to 5, where 1 = Very good, 2 = Good, 3 = Fair, 4 = Poor, and 5 = Very poor. 

 

Lukupa yielded better overall—100% over the local variety (table 2). Emergence was not significantly 
different between any of the varieties. At the flowering stage, all the varieties were recommended as they had 
a lot of flowers. Compared to the other varieties, the farmers liked Lukupa for early flowering. 
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Table 2.  Yield Performance of Improved Varieties Compared to Local 

Yield Kg/ha 

Northern Province NWP LP 

Variety Kapatu Kasama Mwenge I Mwenge II Solwezi Nchelenge Average 

% 
Increase 

over local 

Lukupa 1500 631 750 792 1181 542 899 100 

Lyambai 1458 592 458 250 1005 375 690 53 

PAT 10 1200 460 440 280 940 360 613 36 

Chambeshi 1500 413 583 333 830 458 686 52 

Local 625 171 292 792 610 208 450  

Note: ‘NWP’ is the North Western Province and ‘LP’ is Luapula Province. 

 

At all the sites, farmers were very impressed with the erect growth habit of Chambeshi, Lyambai, and PAT 
10 but not so impressed with Lukupa, which is an indeterminate dwarf. The farmers liked Lyambai and 
Chambeshi for good pod clearance, compared to the other varieties. 

The reaction to diseases was assessed and Lyambai and PAT 10 were found to be better in terms of disease 
resistance, followed by Chambeshi, Lukupa, and the local. Chambeshi had some symptoms of angular leaf 
spot, but, except for bean stem maggot, it was not so easy to assess the presence of most pests. 

When farmers were asked to choose the variety they liked in terms of seed size, most preferred Chambeshi 
for its large seeds and indicated that this would fill a bag faster than the small ones. Although PAT 10 was 
high yielding, it was rejected for seed size and colour, farmers said it was rather poor for marketing purposes. 
Lyambai was liked for its colour, which farmers said would sell fast and fetch a high price. Farmers liked 
Lukupa for its early-maturing characteristic, which would allow for two crops per growing season. 

Farmers prefer a variety that will sell fast. They indicated that they still grow their local varieties because of 
their high market value, even though they were low yielding. 

CONCLUSIONS 
This work has shown that farmers are sophisticated in their variety evaluations, and that the criteria that are 
often used by scientists (such as yield and pest and disease resistance) are often not the key criteria by which 
farmers judge the new varieties. Therefore, it is recommended that in bean research, farmers should be 
involved in the selection of new varieties in order to avoid the non-adoption of varieties which are perceived 
to be good by researchers. From our results, it was found that PAT 10, though good yielding and resistant to 
pests and diseases, would not be easy to release because the end users did not like it. 
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ASSESSING THE QUALITY OF PARTICIPATION IN FARMERS’ RESEARCH 

GROUPS IN THE HIGHLANDS OF KABALE, UGANDA 

Pascal C. Sanginga, Nina K. Lilja, and Jackson Tumwine 

ABSTRACT 
Institutionalising farmer participatory research requires developing and strengthening community-based 
adaptive research capacities, which can be achieved through working with groups of farmers, rather than 
individuals. In recent years, there has been increasing interest in farmers’ research groups (FRGs) as a 
mechanism to catalyse farmer participation in research and to widen the impact of participatory 
research. However, there is a dearth of systematic empirical studies that evaluate the quality of FRG 
participation. This paper analyses the quality of participation in farmers’ research groups in Kabale, 
Uganda. The paper investigates what types of participatory research were done at the different stages of 
the research process, how farmer participation occurred, who participates in FRGs, what the factors that 
determined farmers' participation in FRGs are, and what criteria should be used in monitoring and 
evaluating the performance of FRGs. Results showed that the types of participation were more of a 
functional consultative and collaborative type, but varied in the different stages of the research process 
as farmers increasingly took on more roles and responsibilities. The results did not support the 
hypothesis that participatory research may exclude women and poor farmers who may not be able to 
absorb the cost of participation. The probability of participating in FRGs was higher for women 
compared to men, and there were no significant differences in wealth circumstances between FRG 
members and the rest of the community. The paper highlights some performance criteria used for 
monitoring and evaluating the impact of FRGs, with a focus on process outcomes, particularly 
improvements in human and social capital, reach, and dissemination, which can be observed in the short 
and medium term. The success of FRGs requires significant support and personal commitment from 
researchers to broaden the scope of FRGs from a functional consultative approach to a more collegial, 
empowering one, to include broader developmental issues such as natural resources management. 

RÉSUMÉ 
Le développement et le renforcement des capacités de la recherche adaptative fondée sur la communauté, 
par le biais de la collaboration avec des groupes d’agriculteurs plutôt qu’avec des exploitants pris 
individuellement, ont permis de donner un cadre à la recherche participative. Ces dernières années ont 
été marquées par un intérêt croissant pour les Groupes de recherche d’agriculteurs (farmer research 
groups ou FRG) en tant que catalyseur de la participation des agriculteurs à la recherche et 
de l’élargissement de l’impact de la recherche participative. Il n’existe toutefois aucune étude empirique 
systématique qui évalue la qualité de la participation de ces groupes. Le présent document réalise cette 
évaluation dans le cadre des groupes de recherche d’agriculteurs de la région de Kabale, en Ouganda. Il 
étudie les différents types de recherche participative dans les différentes phases du processus de 
recherche, l’identité des participants aux FRG, les facteurs ayant déterminé la participation des 
agriculteurs et les critères à utiliser dans le suivi et l’évaluation des résultats des FRG. Des résultats ont 
montré que la participation était plutôt de nature consultative spécialisée et collaborative, mais qu’elle 
variait selon les phases du processus de recherche, dans la mesure où les agriculteurs prenaient de plus 
en plus d’initiatives et de responsabilités. Les résultats ne corroborent pas l’hypothèse selon laquelle la 
recherche participative pourrait exclure les femmes et les exploitants pauvres qui ne seraient pas en 
mesure d’assumer les coûts de la participation. La probabilité de participer aux FRG était plus élevée 
pour les femmes que pour les hommes et il n’existait pas de différences significatives au niveau de la 
richesse entre les membres du FRG et le reste de la communauté. L’étude met en évidence certains 
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critères de réalisation utilisés pour contrôler et évaluer les impacts des FRG en mettant l’accent sur les 
résultats de fonctionnement, tout particulièrement les améliorations au niveau du capital humain et 
social, la portée et la diffusion pouvant être observées à court et à moyen terme. Le succès des FRG 
nécessite un soutien et un engagement personnels de la part des chercheurs afin d’élargir la portée des 
FRG pour que l’approche ne soit pas uniquement consultative mais devienne davantage collégiale et plus 
orientée vers l’amélioration des chances, afin d’inclure des questions plus larges liées au développement 
telles que la gestion des ressources naturelles. 

Key words: Quality of participation, Farmer research groups, Gender, Participatory research, 
Performance criteria, Uganda 

INTRODUCTION 
Farmer participatory research (FPR) is increasingly receiving considerable recognition in both international 
and national agricultural research and development (R&D) organisations as an important strategic research 
issue, vital to achieving impacts that benefit poor people in marginal, diverse, and complex environments 
(Chambers et al., 1989; PRGA, 1997). There is now a large body of literature that demonstrates considerable 
advantages and potential in involving farmers in the research process (Okali et al., 1994; Pretty, 1995; Ashby 
et al., 1995; Martin and Sherrington, 1997; PRGA, 1997; Ashby et al., 2000; Braun et al., 2000). It is argued 
that FPR can significantly improve the functional efficiency of formal research (better technologies, more 
widely adopted, faster and wider impact), empower marginalised people and groups to strengthen their own 
decision making, and enhance research capacity to make effective demands on research and extension 
services (Martin and Sherrington, 1997; PRGA, 1997), and thus have payoffs for both farmers and scientists 
(Humprhies et al., 2000). It is becoming increasingly imperative that priority be given to consolidating, 
mainstreaming, and institutionalising participatory research in national and international research 
organisations (Ashby et al., 1995; Ashby and Sperling, 1994). 

Institutionalising FPR requires developing and strengthening community-based adaptive research capacity, 
which can be achieved by working with groups of farmers, rather than individuals (Ashby and Sperling, 
1994). However, until recently, FPR professionals have tended to work with individual farmers (Pretty, 
1995), and may not have the skills to work with groups (Ashby and Sperling, 1994). The importance of 
groups in FPR has been largely underestimated. Yet, it has been pointed out that ‘when individual farmers 
are the researchers' point of contact, there is nothing to ensure that other farmers will learn from their 
experiences: participation is often limited to a handful of farmers who have plots on their fields’ (Bebbington 
et al., 1994:2-3). While working with individual farmers has been a centralised process, controlled by 
researchers and focusing on technology, working with groups is a more decentralised process, which can be 
owned by farmers and can focus more on the learning and empowerment of farmers (Jassey, 2000). 

In recent years, there has been increasing interest in using community-based approaches to catalyse farmer 
participation in research, and to widen the impact of participatory research. It is argued that the group 
approach is more effective because it promotes the collective learning and exchanges that occur in group 
settings (Heinrich, 1993; Hagmann et al., 1999) and ensures that more people participate, thus making 
participatory research cost-effective and relevant to the needs of different categories of farmers (Bebbington 
et al., 1994; Pretty, 1995; Ashby et al., 2000; Braun et al., 2000). Given the diversity and complexity of 
farmers' needs, the more people participate in the research process, the better the benefits should be, 
particularly if groups can act as intermediaries and take on some of the cost of communication with members 
and other farmers. Then they can generate efficiency savings in the process of participation (Carney, 
1997:118). 

Notable examples of approaches to group-based participatory research that are spreading widely include the 
local agricultural research committees (CIALs) in Latin America (Ashby et al., 1995; Braun et al., 2000; 
Ashby et al., 2000; Humphries et al., 2000), farmers’ field schools (FFS) in Asia (Braun et al., 2000), and 
farmers’ research groups (FRGs) in southern and eastern Africa (Farley, 1999; Jassey, 2000). An additional 
important advantage of farmers’ research groups is to ensure that the risk is shared and not borne by 
individuals, and the products of the research process are public goods because they can be delivered as 
locally adapted technologies to a large number of people. Furthermore, FRGs may also be the most culturally 
acceptable way of working with farmers in most rural African societies (Jassey 2000). Over the past five 
years, the African Highlands Initiative (AHI) has made substantial efforts to catalyse and promote 
participatory research in natural resource management in five countries in eastern Africa (Ethiopia, Kenya, 
Madagascar, Uganda, and Tanzania). Similarly, the International Center for Tropical Agriculture (CIAT), in 
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• Type A (contractual): Scientists make the decision alone without organised communication with 
farmers, usually contracting farmers to provide land, labour, and other services needed for on-farm 
research, without involving them in decision making. 

• Type B (consultative): Scientists make the decision alone but with organised communication with 
farmers. Scientists consult farmers about their problems, opinions, preferences, and priorities through 
organised one-way communication, but the decisions are not made with farmers nor are they delegated 
to farmers. 

• Type C (collaborative): The decisions are jointly made by farmers and scientists through a two-way 
organised communication process, with continuous interaction between researchers and farmers, who 
are seen as partners in the research process. 

• Type D (collegial): The decisions are made by farmers collectively in a group process or by individual 
farmers who are involved in organised communication with scientists. Farmers have the major say in 
running the experiment but may seek advice from scientists who may facilitate the farmers’ collective 
or individual decision making or may have already developed the ability of farmers to make decisions 
with little outsider involvement. The major emphasis here is on activities designed to increase the 
ability of farmers to do research and request information and services from formal research and 
extension organisations. 

• Type E (farmer experimentation): Farmers make decisions individually or in a group without organised 
communication with scientists. This concerns research-minded farmers who experiment on their own. 

An analysis of the types of participatory research in AHI-Kabale revealed that typically, farmers participated in 
the stage of technology evaluation and dissemination. We distinguished eight different stages within AHI's 
participatory agro-ecosystem management (PAM) approach. These included diagnosis, solution identification, 
trial planning, trial implementation, trial management, monitoring (data collection), data analysis (evaluation), 
and dissemination. In general, PRA exercises provided starting points for identifying problems by developing 
problem trees with farmers, which were then used as a basis for identifying and selecting solutions and best-bet 
technologies that were the most likely entry points. Once the entry points were established, PAM planning 
workshops were organised to develop participatory research action plans (PRAP). Then scientists designed 
adaptive research experiments, which were established on farmers' fields, managed by farmers and evaluated to 
select best-bet options to disseminate. Greater participation of farmers in the entire research process, moving 
from the consultative to collegial type of participation is a major thrust of AHI. 

We hypothesised that different types of participation occurred at the different stages of the experimentation 
process in FRGs, and that farmers and scientists may have different perceptions of the participatory process. 
Figure 1 shows the analysis of the types of participation in different stages of the participatory research process 
from the perspectives of researchers and farmers. Results show some interesting differences between farmers 
and researchers in their perception of type and degree of participation at the different stages of the 
experimentation process. For instance, in the diagnostic stage, researchers relied on PRA to identify major 
problems, and develop problem trees, mapping resources bases, and current farming strategies. However, while 
researchers indicated that farmers were consulted in identifying and designing solutions, farmers did not 
recognise their active participation and instead believed that researchers ‘brought’ solutions (‘medicine’) to 
their problems. It appeared that after diagnosing problems with farmers, researchers then identified on-shelf 
solutions or best-bet solutions to be evaluated by farmers in farmers' fields. Then simple trails were designed by 
researchers and established with farmers in group experiments to evaluate different varieties of crops and 
management practices. Similarly, farmers' involvement in data collection and analysis of trial results was rather 
limited, except in some cases where field visits were organised and informal evaluations carried out without 
organised communication between farmers and researchers. This points to a lack of a systematic feedback 
process to scientists and to the research system. However, we observed that in many cases, farmers took some 
independent initiative in the management of trials in a more collegial mode. In many FRGs, farmers seemed to 
be keen on taking over control of some stages in the research, often without researchers' knowledge. 
Dissemination of proven technologies was spontaneous farmer-to-farmer dissemination, without the knowledge 
or recommendations of the researcher. 

Although there are opportunities to give more roles to farmers (such as monitoring, evaluation, trial 
management), researchers were still using more of a consultative type of participation. These differences in 
the different roles and responsibilities of researchers and farmers seem to point to a more functional type of 
participation and a lack of ownership in and responsibility for the process by the farmers. There is a need to 
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support research teams and farmers in improving the quality of participation, moving from where it is now 
towards a more collegial approach to build the capacity of farmers and communities to innovate and conduct 
experiments on their own. It is interesting to note that this figure and the checklist can be used as a 
monitoring tool to assess the progress and changes made in the degree and intensity of farmers’ participation 
at different points in time. 

 
Types of participation: 
 1=Contractual 2=Consultative 3=Collaborative 
 4=Collegial 5=Farmers experimentation 
 

Figure 1. Types of participation in farmer research groups 
 

How does participation occur in FRGs? 

The majority of the 21 FRGs in AHI sites were newly formed groups (71%); only 29% were existing groups. 
Most FRGs were formed between 1998 and 1999, and have conducted three to six seasons of experiments. The 
average number of farmers in each group was 28, ranging from 10 to 45. FRGs were either mixed (76%) or 
exclusively women's groups (24%). Most experiments are still on the basics of improved farming methods, 
testing and evaluation of new varieties, fertiliser application, and other agronomic practices that most farmers 
did not have prior experience with. Generally, the experiments compare different improved crop varieties and 
improved agronomic practices to local varieties and local farming methods. Virtually all FRGs have 
experiments on new varieties of beans and potatoes, the two most important food and cash crops in the area, 
with some FRGs reaching the stage of seed multiplication for the two crops. Other experiments include testing 
and evaluation of different varieties of maize, wheat, sorghum, and sweet potatoes. NRM research focuses on 
soil fertility management and includes experiments on different regimes of inorganic fertiliser application, 
farmyard manure management, leguminous cover crops, integrated disease management of potato bacterial wilt 
and bean root rot. These are often conducted on individual plots of group members. However, it is interesting to 
note that a growing number of FRGs have expressed great interest in agro-forestry technologies, after some 
exchange visits to both the research station and farmers' fields. In the 2000 season, four FRGs (19%) initiated 
agro-forestry experiments, starting with tree nurseries, while another FRG already had tree nurseries 
(eucalyptus and pines). 

As noted above, the majority of FRGs were initiated specifically for the purpose of research. Analysis of the 
FRG formation and development process showed that virtually all have passed the ‘storming’ stage and 
reached the ‘norming’ stage (Pretty et al., 1995) with clear efforts to establish group structures, norms, and 
regulations. Only a few have reached the ‘performing’ stage where group members are reaping some of the 
benefits of participation. In the newly formed FRGs, initial participation was mainly through voluntary self-
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Who participates? 

It cannot be assumed that farmers' organisations will represent all groups in the local community 
(Bebbington et al., 1994). It is thus important to identify the specific characteristics of the participants in 
order to assess the quality of participation, as it determines who participates and how the process will be 
managed. Two aspects of who participates need to be clarified in order to interpret the nature (quality) of 
participation: representation and expertise, i.e., whether the participants are representative of a population of 
end users and whether the participants bring relevant expertise to the process (Ashby, 1997). Gender and 
wealth are basic determinants of representation and expertise and need to be used as criteria for 
distinguishing who participates. We therefore hypothesised that  

Farmer research groups may exclude certain categories of local people, particularly women and poor 
farmers, who may not be able to absorb the cost of participation and experimentation. 

Gender 
Previous studies on farmers’ research organisations have reported significant gender differences in 
participation. In his study on participatory evaluation of farmers' organisations in Asia, Uphoff (1988) found 
that membership in farmers' organisations was only about 5% female, and that less than 1% of farmer 
representatives were women. Similarly, Ashby et al. (2000) reported that the majority of CIALs in Colombia 
were men-only (56%) while only 7% included women only, and women were in the minority (31%) in 
mixed CIALs and tended to drop out. In Honduras, specific efforts were necessary to include women, given 
their rather low representation in CIALs (Humphries et al., 2000). This suggests that women may have less 
organisational responsibility. We therefore hypothesised that  

Men tend to dominate community organisations (and therefore FRGs) because they are more likely to 
have land and other resources for experimentation and are more likely to be in contact with external 
(research) organisations. 

Results show that there was a significantly higher participation of male farmers at the beginning of the 
process, compared to women (figure 3). However, as FRGs progressed, the proportion of men decreased 
while the relative proportion of women increased dramatically. Women represented about 67% of farmers in 

 

Figure 3. Men and women farmers' participation in FRGs 
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mixed groups, and 24% of the FRGs were women-only. By contrast, there was no exclusive men's group, 
and men were reported to have lower participation rates in mixed groups, although they monopolised 
leadership positions in mixed groups. Analysis of leadership positions in mixed FRGs showed that virtually 
all chairpersons were men (92%), while the majority of vice-chairpersons were women (55%). Further, FRG 
secretaries tended to be men (83%) in mixed groups, while women were often assigned the role of treasurer 
(72%) because of their perceived integrity and reliability in keeping group funds and other assets. In general, 
we found that men occupied about 62% of positions in the executive committees of mixed FRGs, despite the 
fact that women constituted the large majority of members. 

These gender biases in leadership positions can be explained by persistent gender relations within the 
household and the community, where men are perceived as more able to make decisions, organise group 
activities, and maintain discipline within the group. Also, men are better placed to establish contacts with 
external institutions and to voice their needs and demands. In addition, the majority of women interviewed 
argued that having some men in the group offers some protection to the women and serves a public relations 
function within and outside the community. Even in women-only FRGs, it is common to find some men 
appointed as advisors or patrons to the group. In Zimbabwe, women indicated that it was not necessary to 
have separate women’s groups since their needs were the same as the men’s (Jiggins, 2001) However, it is 
interesting to note that there are important dynamics in mixed groups, with women increasingly taking on 
leadership positions, often by duplicating men's positions or by creating separate women's activities. 
Furthermore, some 22% of women argued that men are not reliable and are difficult to work with in a group 
with collective interests, rather than individual benefits. An early diagnostic survey conducted by AHI 
(1979b) in Kabale also showed that alcoholism and idleness among men was indeed one of the most 
important problems constraining agricultural productivity. 

The higher participation of women can be explained by their dominant roles and responsibilities in crop 
production. As in many other parts of sub-Saharan Africa, the feminisation of agriculture (Kaaria and Ashby, 
2000) has meant that women are now performing most of the agricultural activities, even those traditionally 
done by men. Further, groups are known to provide women with a legitimate social space to foster a sense of 
solidarity and collective action. Several studies conducted by the World Bank in Africa, show that women's 
groups have proven to be one of the most effective entry points for activities reaching poor households, and 
among the most effective local-level institutions (World Bank, 1998). Thus, making significant efforts to 
involve women in research can bring significant returns to research. We argue that FRGs are an effective 
mechanism to provide women with opportunities to participate in agricultural research and development. 

Wealth categories 
Similarly to gender, some authors have pointed out the limited capacity of R&D organisations to work with 
the poorest groups, who tend to select themselves out of activities that demand time, risk, or other 
commitments (Ashby and Sperling, 1994). Rich farmers are likely to be in contact with researchers and 
development agents, in contrast to the poor, who have neither the resources nor the time to be involved in 
research activities, nor are they likely to have the political standing to get themselves elected into groups or 
committees (Humphries et al., 2000). Thus we hypothesised that  

Resource-rich farmers are likely to dominate FRGs because they have resources to absorb the cost of 
participation and of experimentation. 

Table 1 shows the distribution of FRG members by wealth categories. Wealth-ranking exercises based on 
local, socially defined categories of well-being and interviews with FRG members showed that the majority 
of FRG members were in the average wealth group (68% compared to 53% in the larger community). 
Resource-rich farmers (not so poor) represented 18% of FRG members and 21% in the larger communities. 

Table 1. Comparison of wealth categories between FRG members and other farmers in 
the communities (%) 

 
Wealth Categories 

FRG 
Members 

Other 
farmers 

 

 Class 1: Resource-rich farmers 
(Not so poor farmers) 

18 21  

 Class 2: Average farmers 68 53  

 Class 3: Resources-poor farmers 14 26  

 Total  100 100  
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observed that local organisations that could facilitate participation in FRGs were generally non-existent or 
weak, and it was necessary to form new groups. 

Performance criteria and indicators  
for monitoring and evaluating the effects of FRGs 

This section addresses the last questions posed in this paper: What are the criteria for successful 
participation? How do the participants evaluate the process of participation and the results? 

In order to respond to these questions, we initiated a participatory monitoring and evaluation (PM&E) 
system to involve farmers more actively in tracking changes and sharing results for feedback to research, 
self-reflection, and critical learning. The detailed results of the PM&E system are reported in a subsequent 
paper on assessing the performance of FRGs and their success factors. We identified eight major impact 
categories and facilitated farmers in articulating the performance criteria (indicators) that are necessary for 
monitoring and evaluating the performance of FRGs. These are (1) activity milestones, (2) technology 
outputs, (3) the participation process, (4) human capital and sustainability, (5) social capital, (6) reach or 
dissemination, (7) institutional (research) impact, and (8) ultimate impact. 

Activity milestones 
These refer to the activities and actions that are normally carried out by FRGs—which FRGs set out to do 
during a given season or a number of seasons to achieve their objectives and outputs. Farmers were 
facilitated in developing milestones to plan their activities, monitoring their timely execution, and assessing 
how well they were executed as criteria of their performance. The milestones also included regular recording 
of the inputs, resources, and time used to execute the activities and to achieve the outputs. The indicators of 
the milestones were meant to assess progress: whether the activities were implemented on time, whether the 
group was effective in achieving its stated objectives and planned activities, and whether the activities led to 
the expected outputs and outcomes. These included routine activities for implementing and managing their 
experiment (land preparation, weeding, monitoring, harvesting, etc.), as well as other activities needed to 
sustain the group (group meetings, training, self-help). 

Technology outputs 
Technology outputs were more straightforward and concerned the objectives and the expected results of the 
experiments or the direct outputs of the technology. These involved the farmers' assessment of the performance 
of the technology under experimentation. The most common themes of FRG experiments have been varietal 
evaluation and improving soil fertility. New materials are tested and evaluated against local materials, and new 
methods against local practices which serve as controls. Farmers developed local indicators for monitoring the 
performance of different technologies under experimentation. These were also combined with scientists’ 
indicators, which farmers could also monitor and record. Not surprisingly, most indicators pointed to general 
criteria, such as yield, maturity period, disease prevalence, and labour, as well as other technology-specific 
performance indicators. These varied among different farmers’ groups, but in a considerable number of FRGs, 
we found that most farmers had a monitoring and evaluation system to assess the performance of new varieties 
and new practices among themselves, compared to local varieties or local practices. 

Participation 
This can be considered as both a product and an indicator of success, but also a process to meet the goals and 
objectives of the research (McAllister, 1999). Thus its evaluation concerned the four dimensions of 
participation and asked questions about the nature, form, basis, intensity of participation, and basic features 
of the participatory research processes through systematic observations and recordings of the who, what , 
why, when, and how of participatory research. The process and dimensions of participatory research and the 
management principles shape the ultimate outcome. Performance indicators also included some tangible 
indicators, such as the number of farmers with experiments, the roles and responsibilities of farmers, number 
of farmers attending meetings, number of women, etc. 

Human and social capital 
Human capital outcomes refer to the skills, knowledge, attitudes, and capacities that individual members 
have acquired through their participation in FRGs, while social capital is simply defined as the features of 
social organisations (social networks, social interactions, norms, social thrust) that facilitate coordination and 
cooperation, and that enable people to act collectively for mutual benefit (Putman, 1993; Woolcock and 
Narayan, 2000). It encompasses the nature and strength of existing relationships between members and the 
ability of members to organise themselves for mutual beneficial collective action. 
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CONCLUSION 
This study was conducted against the background of increasing interest in community-based farmer 
participatory research as an approach to institutionalising and to broadening the impact of participatory 
research. One of the major strategies of the African Highlands Initiative is to promote community-based 
participatory research methodologies for research and development by forming and using farmer research 
groups rather than individual farmers. This paper assessed the quality of participation in FRGs in Kabale, 
southwestern Uganda. The quality of participation provides a useful analytical framework for investigating 
the specific characteristics or dimensions of participatory research by looking at what types of participatory 
research are conducted, who participates in them, how participation is managed, what criteria should be used 
to monitor and evaluate the performance of FRGs, and what the impact is. 

The findings of this study showed that farmer participatory research is a dynamic process and that different 
types of participation can occur at different stages of the research process. One of the major thrusts of AHI is 
to move the process towards more collaborative and collegial participation of farmers to foster the farmers' 
capacity to innovate and experiment with technologies for natural resource management. The results of the 
study did not support the hypothesis that farmer participatory research excludes certain categories of farmers 
(particularly women and poor farmers who may not have the resources to absorb the cost of participation). 
On the contrary, we argue that FRGs are, in fact, effective mechanisms for reaching women and poor 
farmers, who are by-passed by conventional R&D services. Although different types of participation 
occurred at different stages of the research process, the results showed that the participation of farmers was 
evolving toward a more collaborative mode, with farmers increasingly taking on greater roles and 
responsibilities, gaining confidence, enhancing their human and social capital, and sharing knowledge, skills, 
and technologies. However, there are still great prospects and good opportunities to enhance the quality of 
participation in FRGs. This requires important skills, principles, methods, and tools that researchers and 
farmers need to build together. 

As observed by Braun et al., 2000, FRG approaches require and promote a much closer engagement of 
agricultural R&D institutions with rural communities, building institutional structures and processes for 
agricultural development. Given the current problems faced by agricultural research in developing countries, 
we argue that FRGs can help make research more relevant to the needs of small-scale farmers, increase the 
efficiency of technology development and dissemination, and hasten adoption and the impact of agricultural 
technologies on the lives of resource-poor farmers. As an approach, FRGs have great potential for catalysing 
the participation of farmers as partners in R&D activities. This requires significant support and the personal 
commitment of researchers. It also requires broadening the scope of participatory research from a functional 
consultative type to a more collegial empowering type, from variety selection to broader research on natural 
resource management. However, achieving such potential requires skills, capacity, and personal commitment 
that researchers in Kabale need to internalise. ‘The main obstacle in providing farmer participatory research is 
the research workers themselves’ (R. Booth, as quoted in Selener, 1997). 

The findings of this study suggest that one of the most important outcomes of FRGs is their ability to 
strengthen certain dimensions of human and social capital that generate returns in human capabilities; reduce 
research risks; access knowledge, skills, and technologies; and facilitate mutually beneficial collective action 
(Uphoff and Mijayaratna, 2000). It is therefore critical to invest in strengthening the organisational capacity 
of FRGs and to facilitate FRGs to build both ‘bonding’ and ‘bridging’ social capital (Woolcock and Narayan 
2000; World Bank, 2000) within and between communities and other groups and organisations. One of the 
great values of such investment is that it lowers researchers’ costs of experimentation and builds farmers’ 
networks and confidence to communicate more easily with each other and with R&D organisations. Farmer 
participatory research should be viewed through the lens of human and social capital, and the assessment of 
its impact should include its potential effects on human and social capital, its impact on empowering farmers 
and improving the organisational capacity to conduct research. We concur with Bebbington et al. (1994:28) 
that ‘if we are serious about fostering the external forces to make research organisations client driven rather 
than research driven, investments will have to be made in developing local farmers' associations’. 
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RESEARCHERS LEARN FROM FARMERS! 

PARTICIPATORY STUDY ON TECHNOLOGY DISSEMINATION, 
FARMERS’ KNOWLEDGE IN PEST MANAGEMENT, AND 

FARMERS’ INFLUENCE ON RESEARCH (POSTER) 

Ursula Hollenweger and Daima M. Mkalimoto 

ABSTRACT 
Effective dissemination of new technologies is the missing link in achieving wider impact. A study on 
technology dissemination was conducted in six villages in the District of Arumeru, Northern Zone of 
Tanzania. The villages were chosen to represent the diversity of the region and belong to three agro-
ecological zones and two different ethnic groups. Participatory group methods, similar to participatory 
learning and action (PRA) were used. The participatory approach was effective in establishing good contact 
with the communities and for collecting basic data about the villages and the sources of change for 
technologies of different complexity. Conclusions on how to improve dissemination of knowledge-intensive 
technologies are drawn. Together with the farmers, we did small trials on diverse issues, including new 
varieties, climbing beans, new drought-tolerant crops, and pest management. The results of two experiments 
on pest management are presented. One on integrating tactics to manage bean stem maggot shows the 
benefits of combining tactics. The other, on the use of botanicals for grain storage, demonstrates that 
alternatives to chemical pesticides exist. All trials combined treatments coming from research as well as 
from farmers’ practices. Farmers appreciated this way of learning and their improved understanding led to 
a desire to spread the knowledge they had gained to the wider community, and they adapted a research 
poster for this purpose. The frank relationship between farmers and researchers resulted in mutual trust and 
sharing of knowledge. Farmers gained experience with experimenting as a way to learn and find solutions 
to production problems. Researchers learned about local pest-management strategies, which have been 
effective in scientific testing and will influence future research. Results from a trial using indigenous 
concoctions to control bean foliage beetles show that these practices are worth investigation in more detail. 

RÉSUMÉ 
 La diffusion efficace des nouvelles technologies est l’élément qui permet d’accéder à un plus large impact. 
Une étude sur la diffusion des technologies a été réalisée dans six villages du District d’Arumeru, dans le 
nord de la Tanzanie. Les villages, choisis afin de représenter la diversité de la région, correspondent à trois 
zones agro-écologiques et deux groupes ethniques différents. Dans le cadre de groupes, des méthodes 
participatives similaires au système « Apprentissage et action participatifs » (Participatory learning and 
action ou PLA) ont été utilisées. Cette approche participative a permis d’établir un bon contact avec les 
collectivités et de rassembler des données de base sur les villages et les sources de changement en vue de 
technologies de complexité diverse. Des conclusions ont été tirées sur la façon d’améliorer la diffusion des 
technologies exigeant de nombreuses connaissances. Avec les cultivateurs, nous avons fait de petits essais 
portant sur différentes questions, notamment de nouvelles variétés, les haricots volubiles, de nouvelles 
cultures tolérantes à la sécheresse et la gestion des ravageurs. Les résultats de deux expériences sont 
présentés. L’une d’entre elle, portant sur les tactiques de lutte intégrée contre la mouche du haricot, montre 
l’avantage de combiner les tactiques. L’autre, concernant l’utilisation de produits d’origine végétale dans 
l’entreposage des grains, démontre qu’il existe une alternative aux pesticides chimiques. Tous les essais 
combinaient les traitements découlant des recherches et les pratiques des cultivateurs. Ces derniers ont 
apprécié cette façon d’apprendre et la meilleure compréhension des choses ainsi acquise les a incités à 
diffuser auprès d’un cercle plus large ce qu’ils avaient appris. C’est dans cette optique qu’ils ont adapté une 
affiche conçue par les chercheurs. La relation ouverte entre cultivateurs et chercheurs a fait naître la 
confiance réciproque et l’échange de connaissances. Les agriculteurs ont accru leur expérience en 
apprenant et en trouvant des solutions à leurs problèmes de production par le biais de l’expérimentation. 
Les chercheurs ont été informés sur des stratégies locales de lutte contre les ravageurs que des essais 
scientifiques ont validées par la suite et qui influeront sur la recherche future. Des résultats d’une 
expérimentation utilisant des concoctions indigènes pour lutter contre Ootheca révèlent que ces pratiques 
gagneraient à être étudiées plus en détails. 

Ursula Hollenweger and Daima M. Mkalimoto are with CIAT, c/o Selian Agricultural Research Institute, P.O. Box 
2704, Arusha, Tanzania. 
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1. PARTICIPATORY STUDY ON TECHNOLOGY DISSEMINATION: 

Introduction: 

Effective dissemination of new technologies is the missing link in achieving wider impact. This study 
investigates sources of change for technologies of different complexity. 

Method of investigation: 

Participatory group methods, similar to PRA (participatory learning and action) were used. The participatory 
approach was effective in establishing good contact with the communities and for collecting basic data about 
the villages and the dissemination of technologies. 

Site selection: 

The study on technology dissemination was conducted in six villages in the District of Arumeru, Northern 
Zone of Tanzania. The villages were chosen to represent the diversity of the region and belong to three agro-
ecological zones and two different ethnic backgrounds (figure 1 and table 1). 

 

 

 
Figure 1. Arumeru District 

 

  Table 1. Characteristics of the Selected Villages 

Village 
Altitude 
(masl) 

Rainfall 
(mm) Ethnicity 

Population 
Density 

Village 
Formation 

Kikatiti 1000–1200 500–1000 Meru/mixed 70p/km2 
3.5% 

Traditional 
(1950?) 

Kimundo 1200–1600 1200–1500 Meru 300 p/km2 
2% 

Traditional 
(1600) 

Kisimir 1400–2000 500–800 Meru 30 p/km2 
3% 

New (1960) 
Former estate 

Mzimuni 900–1100 400–600 Arusha/mixe
d 

70 p/km2 
3.5% 

New (1960?) 
Former estate 

Olmotonyi 1500–1800 800–1200 Arusha 390 p/km2 
2.5% 

Traditional 
(1880) 

Oloitushula 1400–1800 500–600 Arusha 70 p/km2 
3.5% 

Traditional 
(1910) 
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Results: 

The sources of many different agricultural changes were identified and then grouped according to their 
complexity. Table 2 gives details on how many times a certain source for each technology group was 
mentioned. 

• New varieties and new crops (technologies of low complexity) were introduced by many different 
sources with similar success. 

• South African settlers, during colonial times, were the single most-often mentioned source for 
innovations, mainly for changes in mechanisation. 

• The efforts of government organisations (GOs) had a comparative advantage for the introduction of 
agricultural inputs. 

• NGOs did well for high-complexity technologies that require specific knowledge and several changes 
in the farming system. 

 

Table 2. Technologies Grouped According to Complexity and Source 

Group of Technologies S
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New varieties of known crops 5  5  4 5 4 23 

New crops (coffee, wheat, sunflower...) 1 7 1  1 2 4 16 

Industrial inputs, pesticides and fertilisers 1 1 3   1 2 8 

Natural inputs (field, storage, organic fertiliser) 1 2 4 5  1 1 14 

Mechanisation (animal traction, tractors)       9 9 

Intensification and changes in the farming system (zero 
grazing, soil conservation…) 

2 2 3 1  5 3 16 

Complexity 1 (varieties and crops) 6 7 6  5 7 8 39 

Complexity 2 (industrial and natural inputs) 2 3 7 5  2 3 22 

Complexity 3 (mechanisation, intensification) 2 2 3 1  5 12 25 
 

Discussion: 

The study found that many factors hinder or contribute to dissemination. Although we do not know the exact 
processes going on, we can make some general recommendations on how to enhance dissemination of 
complex technologies among farmers: 

• Collaborate with farmers from different backgrounds, so that they will bring the new technology to 
their relatives and social groups. 

• Encourage the village to conduct a field day or a seminar to inform everybody about the new 
technology and teach them how to use it. 

• Stress a good knowledge base on how the technology functions. This will need close contact, maybe 
with a learning or demonstration plot. 

• If possible, and especially for knowledge-intensive technologies, collaborate with NGOs, because they 
know their clients best and will ensure long-term follow-up on the technologies introduced. 

• There are differences among villages: deciding where to start is very important. Choose villages with a 
variety of people and a history of good collaboration (like share work or communal work). 
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2. COMBINING FARMERS’ AND RESEARCHERS’ KNOWLEDGE: 
Together with the farmers, we did small trials on diverse issues, including new varieties; climbing beans; 
new, drought-tolerant crops; and pest management. These trials combined treatments coming from research 
as well as from farmers’ practices. The trial was on control of bean stem maggot (BSM, Ophiomyia spp.) 
with integrated crop management. The second was on improving storage of maize and beans using locally 
available botanicals. Seeing the differences between the treatments and having learned by doing, the farmers 
got interested in spreading the acquired knowledge in their area. The dissemination approaches included 
demonstration plots, community seminars, and leaflets as help for explaining the new technologies to 
individual farmers. 

Farmers learned how to manage small trials and saw it as a way to find solutions to their production 
problems. They know now what they can expect from research. Researchers learned about different local 
pest-management practices and got interested in testing them. 

Controlling bean stem maggot (Ophiomyia spp.): 

Farmers and researchers identified bean stem maggot as an important pest in bean production. Farmers do 
not know the lifecycle of the insect and confuse it with ants and root diseases. 

Researchers designed the trial using an additive design. All field work and data collection was done together. 
Results were influenced by a severe drought in one of the three locations. 

Farmers learned to understand the lifecycle by observation and decided to write a leaflet that will help them 
teach other farmers in the village (see the section on ‘Farmer-to-farmer dissemination’ below). 

 

 

 

 

 

 

 

 

 

 

Results: 

• There are differences in susceptibility but the reaction to the treatments is the same in all varieties. 

• Seed dressing plus fertiliser reduced mortality and increased yield more than any other treatment. 

• Fertiliser (DAP and DAP + Manure) reduced mortality significantly. 

The results of the statistical analysis with MSTAT (randomised complete-block design with 3 blocks and the 
3 varieties considered as replications): 

Treatment Mortality (per 10 m2) Yield (kg/ha) 

Control 16.39  a 682.2  a 
DAP 6.20  b 671.8  a 
DAP + Manure 7.72  b 757.2  ab 
DAP + Manure + Seed Dressing 0.75  c 958.3  b 
LSD (0.05) 4.752 215.7 
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Fig. 2:  Mortality of three varieties under 4 treatments  
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Fig. 3:  Yield of three varieties under 4 treatments  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Using locally available botanicals for grain storage: 

Traditional storage practices for maize and beans were discussed in a village meeting and farmers interested 
in participating were selected. 

Farmers suggested marigold (Tagetes minuta) and cypress leaves (Cupressus spp.) as the botanicals they are 
using. Researchers added wormseed (Chenopodium spp.) and neem seed powder to the treatments. 

Treatment rates:  
 Marigold, cypress and neem seed at 1.5 kg/100 kg seed and wormseed at 1 kg/100 kg seed  
 (all dried). 

Results: 

• Neem: after 4 months damaged seeds below 10% 

• Wormseed: after 4 months damaged seeds below 15% 

• Cypress: after 4 months damaged seeds below 25% 

• Marigold: after 4 months damaged seeds below 30% 

• No additives: after 4 months damaged seeds below 50% 

Farmer-to-farmer dissemination 

During the initial study, the farmers told us their preferred ways of learning about new technologies: they 
mentioned workshops, seminars, and field days, but added that they often learn from other farmers during 
communal or shared labor events and by observation of their fields. 

The farmers from Kikatiti considered their experience with the learning plot on BSM so valuable that they 
decided to write their own leaflet that would help them to teach the management strategies to their fellow 
farmers. 

Starting from the poster that was developed by Dr. J.K.O. Ampofo, together we elaborated a leaflet that the 
farmers think is easy, understandable, and gives enough information to learn the new practices. 
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3. INFLUENCE ON RESEARCH: 
The frank relationship between farmers and researchers resulted in mutual trust and sharing of knowledge 
with each other. 

Farmers explained to researchers some of their traditional methods against insect pests in their fields. 

Researchers shared their knowledge about the pests and how they explain the working of the treatments, but 
wanted to test the farmers’ management methods in a scientific way. 

Several local treatments coming from two different districts in the Northern Zone were tested on a farmer’s 
field that was heavily infested by bean foliage beetles (BFB, Ootheca spp.). Figure 7 shows that the 
indigenous methods work as well as some of the research solutions. 

Researchers learned to appreciate farmers’ knowledge of pest management and to include it into their 
research plan for more detailed investigation. 

Local treatments to manage Ootheca infestation: 

Farmers in Lushoto district use different botanicals for protecting their crops against insect pests. Mhasha 
(Vernonia spp.) is the one that works best, according to their perception. 

Farmers in Arumeru and Hai districts use fermented cow urine (mkojo) for the same purposes. They disagree 
to some extent on the best duration of fermentation: 2 to 14 days are mentioned. 

Neem seed oil is a locally available product that has already been tested on several pests and found to give 
good protection. 

Mhasha, three different fermentation stages of cow urine and neem seed oil were prepared as directed by 
farmers or researchers and applied twice on a heavily infested field in Arusha. 

Results: 

• All treatments are better than the check (pure water). 

• After 3 days the effect starts to wear off (may be due to rain). 
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Fig. 4:  Effect of botanicals on storage pests over 5 months 
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Fig. 5:  Number of  Ootheca  under 6 treatments 
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Statistical Analysis: 

A statistical analysis was performed with MSTATC for the different dates after treatment. As the general 
time trend was fewer and fewer insects, the second treatment did not show good significance. 

 

 Mean number of insects per 12 m row 

 day: 0 * 1 * 3 * 7 * 1 * 3 * 

Control 12.0 a 11.8 a 8.8 a 6.3 a 4.8 a 6.3 a 
Mhasha 14.0 a 2.0 b 5.3 ab 3.5 a 3.3 ab 4.5 abc 
Mkojo 1 day old 10.3 a 0.5 b 4.0 b 7.5 a 3.0 ab 3.5 bc 
Mkojo 5 days old 16.8 a 1.0 b 6.0 ab 7.5 a 2.3 ab 2.3 c 
Mkojo 9 days old 11.3 a 0.3 b 9.0 a 8.0 a 1.5 b 5.0 abc 
Neem seed oil 14.0 a 0.8 b 5.5 ab 3.8 a 2.0 ab 3.8 bc 

LSD (0.1) 7.0  3.0  4.3  5.0  3.1  2.3  

*Means followed by the same letter are not significantly different (LSD at p < .1) 
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