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EXECUTIVE SUMMARY 

Impact assessment of any development program like CIALCA is a requirement to establish 

accountability for public funds spent on the project, as well as derive lessons learned in 

order to inform future research and development interventions and direct them towards 

higher impacts and more efficient processes. Therefore, the overall aim of this study is to 

investigate the impact of the CIALCA project on smallholders’ livelihoods in Burundi, the 

Democratic Republic of Congo and Rwanda and derive recommendations for designing 

and planning dissemination and out-scaling activities. The project was financed by the 

Belgian Directorate-General for Development (DGD) from 2006 to 2012. It is expected to 

be integrated into the CGIAR Research Program (CRP) 1.2 during an 18 month transition 

period (from January 2012 to June 2013). 

The specific objectives of the study are: (i) to analyze the impact pathways of the CIALCA 

project and assess uptake of CIALCA outputs by research and development partners, (ii) to 

estimate current adoption of CIALCA products by farmers in the mandate areas and 

analyze the adoption process, (iii) to assess the impact of adoption of CIALCA products on 

project target indicators: farm level productivity, farm income and protein intake. 

The study principally uses data that were collected using 94 focus group discussions 

(FGDs), 5 stakeholder workshops and a random cross-section sample of 913 households.  

Different econometric models are used to address the research objectives. Propensity score 

matching techniques were used to explore factors that explain the decision of small-scale 

producers to adopt CIALCA technologies as well as to assess the impact.  

Results show first success in improved protein intake and poverty reduction, but are less 

conclusive with respect to crop productivity and income. The findings indicate that 

CIALCA has well advanced on its projected impact pathway and accomplished the 

projected outcome of broad uptake of its products by stakeholders who are in the position 

and willing to disseminate them. The survey results show that areas of major interest in the 

target population include major CIALCA technologies like new crop varieties, as well as 

constraints such as crop pests and diseases and agricultural output markets. CIALCA has 

become a widely-known information source on these issues throughout its mandate areas. 

Farmer associations have worked closely with CIALCA and its development partners. A 

majority of farmer group representatives indicated during focus group discussions, that the 
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adoption of CIALCA technologies were related to improved productivity levels and 

subsequent income increases.   

The estimation of adoption rates of CIALCA technologies on household level as presented 

in chapter 4 suggests that the sample adoption rate does not consistently estimate the true 

population adoption rate even if the sample is randomly selected. Dissemination of the 

technologies is not yet complete throughout the mandate areas. Even within intervention 

sites, exposure to technology is neither complete nor randomly distributed. Farmers who 

are members of a farmer organization, or who even directly interacted with CIALCA and 

partners, as well as farmers who own a radio are significantly more likely to have heard of 

CIALCA technologies. When accounting for this exposure bias, adoption rates in the 

exposed population are estimated to be 46%. Generally, exposure rates to CIALCA 

technologies are high, with about 77% of the sampled households being exposed. Access 

to agricultural extension and membership of farmer groups positively influenced the 

likelihood of adoption of CIALCA technologies. This implies that dissemination channels 

should build on existing social structures and networks at community levels. The results 

also point to specific locations with a low probability of adoption. Focusing efforts on 

these geographical areas may increase adoption. The major constraint to adoption still 

remains a lack of access to the technologies, which includes unavailability of improved 

germplasm or constrained access to other inputs such as fertilizers.  

Propensity score techniques and different matching methodologies were used to analyse 

the impact of adoption on productivity, income and nutrition indicators. This methodology 

controls for endogeneity, when those farmer characteristics determining the adoption of 

technologies are also correlated with the outcome variables. As an example farmers when 

farmers in an geographical area of favourable growing conditions were also more likely to 

adopt CIALCA technologies, an observed yield difference to non-adopters would probably 

be due to growing conditions and not necessarily to adoption of technologies. Therefore, in 

this study, productivity levels, income, poverty headcount and protein intake are compared 

only between farmers that are similar in all other characteristics and different only in terms 

of adoption or non-adoption of CIALCA technologies. Any observed difference in impact 

indicators can thus plausibly be attributed to adoption. The results show significant direct 

impacts of adoption of CIALCA technologies on protein intake and poverty gap. No 

conclusive evidence of the impact on crop productivity and crop income is provided by this 
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study. These results could indicate that while the overall effect is still not significant, small 

improvements in income have been achieved mainly by the poorest stratus of farmers, 

leading to reducing the poverty gap i.e. the difference between poverty line and actual 

income. Though the magnitude of this effect is not yet sufficient to lift these farmers’ 

incomes above the poverty line, hence no change in poverty headcount was observed. 

The impacts on nutrition are plausibly explained by a comparison of food intake and 

reported food (in-) security between intervention sites (action and satellite sites) versus 

control sites. In control sites, more respondents reported frequent food insufficiency and 

fewer respondents perceived an improvement over the past three years. In the intervention 

sites, respondents linked perceived improvements in food security to the adoption of 

improved production technologies. Overall, climate factors were the most frequently 

reported reason for food insufficiency. 

A limitation of this study is that it was not feasible to collect detailed data on adoption 

intensity due to the high number of technologies and crops in the farming system, instead,  

the adoption was considered as yes/no variable. In the case of improved germplasm 

however, area under the new variety or the share of improved over traditional varieties 

would allow for a more comprehensive assessment of impacts. Many of the CIALCA 

technologies are knowledge intensive and require learning, i.e. new crop management 

practices, soil fertility management and arrangements of crop spacing in mixed systems, 

implying that productivity gains will increase with increasing experience. At the point of 

time of data collection for this study, only a couple of years after massive dissemination 

and out-scaling was started in 2009, many adopters might still be at the beginning of their 

learning curve and hence observed impacts as yet are likely to underestimate full benefits 

of the technologies. A follow-up study after 2 to 5 years is therefore recommended in order 

to assess impacts more comprehensively.  
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1 INTRODUCTION 
!
1.1 Background and objectives 

The Consortium for Improving Agriculture-based Livelihoods in Central Africa (CIALCA) 

is a consortium comprising three international agricultural research centers: Bioversity 

International, the International Institute of Tropical Agriculture (IITA), and the Tropical 

Soil Biology and Fertility Institute of the International Centre for Tropical Agriculture 

(TSBF-CIAT) together with national research and development partners in Rwanda, 

Burundi and the Democratic Republic of Congo (DR Congo). With funds from the Belgian 

Directorate General for Development (DGD), the Consortium’s mission is to boost 

agriculture-based livelihoods through improved income, health and the natural resource 

base of smallholder farmers in Central Africa. The CIALCA project officially started in 

2006 and is expected to integrate into the CGIAR Research Program (CRP) 1.2 on  

Integrated Systems for the Humid Tropics during an 18 month transition period (from Jan 

2012 to June 2013). In collaboration with national agricultural research systems, research 

teams at the Catholic Universities of Leuven (K.U. Leuven) and Louvain-la-Neuve (UCL) 

and development partners, CIALCA has developed and disseminated over 30 technologies 

including improved legume and banana-plantain varieties, improved crop management 

practices, profit enhancing/quality-improving technologies and more effective models for 

collective marketing. With the national research institutes as partners, CIALCA operates 

directly in action sites where technologies are developed, evaluated and promoted through 

on-farm experiments and participatory research approaches, and also, through its 

development partners, in satellite sites, where technologies are disseminated. By the end of 

the second phase of the project, in 2012, CIALCA aimed to achieve three main target 

milestones (Table 1*1). An overview of CIALCA timelines is presented in Appendix 1-1. 

 

Table 1-1: CIALCA milestones and target indicators as proposed at project start 
!

Milestone   Target number  Farm-level 
productivity 

Extra protein 
intake 

Household 
income 

1 Action 
sites  

3,500, or at 
least 40% of 
households, in 
30 action sites 

increase by at 
least 20%, 

Increase by at 
least 20% 

Increase by 
at least 20% 

2 Satellite 9,000, or at Increase by at Increase by at Increase by 
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Milestone   Target number  Farm-level 
productivity 

Extra protein 
intake 

Household 
income 

sites least 20% of 
households, in 
150 satellite 
sites 

least 10% least 10% at least 10% 

3 Mandate 
areas 

At least 25% of the population of the mandate areas is aware of 
CIALCA-related activities and at least 5% of that population is 
actively seeking access to knowledge and technologies promoted 
by CIALCA 

 

As part of the monitoring and evaluation activities, during 2010, a rapid impact assessment 

survey was conducted, showing high levels of awareness of CIALCA and its technologies 

at the intervention sites. The results, based on group interviews with 300 farmer groups, 

indicate that CIALCA impacts among the target population have been positive and 

probably already exceeded the targets for some indicators such as productivity and income 

increases (Pypers et al., 2010). These results underline the high visibility of CIALCA in 

the targeted regions and the generally positive perceptions about the project and its outputs 

among the farmer population. However, this study did not permit tracking the impacts 

from technology adoption at the individual farm level, since the results are based on a 

comparison of average yield and income levels between direct intervention sites and 

control villages. Yet, for a more detailed understanding of the impact pathways and 

processes at the farm household level, the link between adoption and farm outcome is 

essential.  

Impact assessment in general has two major purposes 1) to establish accountability for 

public funds which were spent on project interventions, 2) to derive lessons learned from 

project implementation in order to inform and direct future research and development 

interventions towards higher impacts and more efficient processes.  

The CIALCA project has been implemented through a major investment of public funds by 

DGD, amounting to 12.6 million Euros over a period of 6 years, and the significant efforts 

of the three CG centres: Bioversity, CIAT and IITA; and national research institutes in 

Burundi, Rwanda and DR Congo, as well as of development organizations in all mandate 

areas. Hence, accountability to DGD and stakeholders is one of the main reasons for 

conducting this impact study. The analyses provided in this study also aim to contribute to 

learning for improvement with respect to ongoing out-scaling of the technologies and 
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particularly to plans for building on the CIALCA experience in future agricultural research 

for development in Central Africa. 

The CGIAR defines impact as “ultimate social, environmental or economic benefits” that 

are consistent with the objectives of an activity (e.g. a research activity) (CGIAR, 2006). 

Such benefits are understood as long-term development effects, which might be difficult to 

observe in a study carried out while the project is still being implemented. However, the 

timing of this study (more than one year before the project end date), though mainly 

determined by external factors and considerations of logistics and coordination, offers a 

very important opportunity to capture much of the stakeholders’ and project partners’ 

perceptions and inputs, which would become much more difficult once the project phased 

out. Also, there is a chance that lessons learnt might still be incorporated in project 

activities and thus increase impacts on livelihoods in the future.  

Therefore, this study aims at evaluating the impacts of the CIALCA project on 

smallholders’ livelihoods in Burundi, DR Congo and Rwanda and deriving 

recommendations for designing, fine-tuning and planning dissemination and scaling-up 

and out activities. The specific objectives of the study are to: 

1. analyze the impact pathways of the CIALCA project and assess uptake of CIALCA 

outputs by research and development partners; 

2. estimate current and potential adoption of CIALCA technologies by farmers in the 

mandate areas and analyze the adoption process at farm and community level; 

3. assess the impact of adoption of CIALCA technologies on project target indicators: 

farm level productivity, farm income, protein intake, and poverty reduction. 

In this study an econometric approach is used, which allows modelling of farmer decision 

making and livelihood impacts at the individual household level. Additionally, uptake of 

CIALCA products by partners and perceptions at the group or community level are 

assessed and results used to validate and interpret econometric results. 

This study contributes innovative approaches to impact assessment research. Technology 

exposure is modeled prior to estimating adoption rates (see chapter 4). In measuring 

impacts at the household level, this study extends beyond the common, income-based level 

of analysis by including the analysis of the assumed linkages between productivity effects, 

income and food security and nutrition (see chapters 4 and 5).  
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1.2 Outline of the impact study 

This report is organized into 6 chapters. Following this introductory section, Chapter 2 

provides a detailed description of the sample design and the organization of the survey. 

Chapter 3 presents the impact pathways of the CIALCA project. Chapter 4 discusses the 

determinants of adoption. Chapter 5 elucidates the impact of adoption of CIALCA products 

on project target indicators. Lastly, Chapter 6 summarizes the report and gives broader 

policy recommendations. 
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2 Data collection and analysis 
!
The data collection for this study included three methods of enquiry, based on the project 

intervention logic and planned impact pathway. The first was stakeholder consultation 

workshops, where representatives of development partner organizations, public extension 

services, ministries of health and of agriculture, local authorities and related private sector 

businesses were invited to share their perceptions about CIALCA technologies, their own 

contribution and involvement in dissemination and policy frameworks. The workshops 

used structured questionnaires and checklists for each of the groups and five such 

workshops were conducted, in Burundi, Rwanda and each of the three DR Congo mandate 

areas, with attendance of 12 to 20 participants each, giving a total sample of 74 

stakeholders. 

The second method was focus group discussions, held with representatives of farmer 

associations and farmer groups in all mandate areas, where involvement with CIALCA and 

its benefits were discussed and perceptions about farm- and group-level impacts of 

CIALCA technologies were collected. The sample included 94 farmer groups, with a total 

of about 3,450 members. 

The third method, and the main source of data for farm-level and household livelihood 

impacts, was a cross-sectional survey of 913 household surveys. 

The sampling design followed a multi-stage procedure to select mandate area2, village and 

household. First, seven out of the 10 mandate areas were purposively selected from the 

three countries (Figure 2-1). The seven were selected intentionally because of the high 

intensity of development activities, perceived high adoption of CIALCA technologies and 

type of crops produced. Second, a minimum of five villages were randomly selected in 

each of the mandate areas, stratified into three main categories. The first group consisted of 

villages that hosted demonstrations of the technologies under consideration (action sites). 

Action sites are geographical zones covering one or a limited group of communities 

(comprising between 500 and 5,000 households). The second group involved neighboring 

villages that were referred to as satellite sites. Satellite sites are similar to action sites as far 

as size, population and other general characteristics are concerned. The differences are that 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!
2!Mandate!areas!are!defined!as!areas!with!similar!agro*ecological!conditions!and!poverty!profiles!that!have!nonetheless!
relatively!good!access!to!large!urban!markets.!The!number!of!people!living!in!each!mandate!area!can!vary!between!
300,000!and!1,200,000. 
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the activities in those sites are directed by development partners and the choice of these 

sites was based on the presence of development partners. The third group comprised 

control villages. The criteria used for selecting control villages were similar agro-

ecological conditions to the intervention villages, with no NGOS promoting CIALCA 

products and within a distance of around 10-15 km from the intervention sites.  

Lists of households, compiled by CIALCA officials at village level and the lists of 

household that participated in the baseline study, served as a sampling frame from which 

households were randomly sampled Proportional to Size (PPS).  

A farm household was defined as a social entity that collectively makes productive and 

consumption decisions. Table 2-1:! Geographical! distribution! of! survey! respondents details the 

distribution of households sampled per mandate area. 

 

 
Figure 2-1: CIALCA mandate areas  
Source: CIALCA baseline report 
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Table 2-1: Geographical distribution of survey respondents 
!

Country Mandate 
area 

Sampled villages 
(Number) Total N° of households Sampled households 

(Number) 

  Action 
site 

Satellite  
site 

Control Action 
site 

Satellite 
site 

Control Action 
site 

Satellite 
site 

Control Total 

Burundi Gitega 6 2 3 1,389 283 473 59 29 44 132 
 Ruzizi 4 3 3 954 1,518 552 74 30 30 134 

Bas-Congo 7 6 6    75 34 25 134 
North-Kivu 10 5 5 1,953 1,278 1,210 72 34 21 127 DR 

Congo 
South-Kivu 10 5 5 1,735 1,674 893 75 15 26 116 

Rwanda Kigali-
Kibungo 10 5 5 1,420 646 3,028 87 28 28 143 

 Umatara 10 5 5 1,590 970 917 74 31 22 127 
Total  57 31 32 9,041 6,369 7,073 516 201 196 913 

 

Structured questionnaires were used to collect the data. Training of enumerators took four 

days, and involved explaining the goals and objectives of the study, imparting specific 

skills to be used during the interviews, questionnaire pretesting and motivating the 

interviewers. The training also included reaching a consensus among the interviewers as to 

the right interpretation of questions, since the interview involved translating the 

questionnaire into the local language. During the training, the need was emphasized for the 

interviewers to reassure the participants of confidentiality in disclosing sensitive 

information.  

The data collection exercise started in July 2011 and covered crop production and 

marketing activities for the 2010 crop season. Data collected included: household 

composition and characteristics, land and non-land farm assets, household membership in 

different rural institutions, technologies adopted, costs of production, yield data for 

different crop types, indicators of access to infrastructure, household market participation, 

household income sources and income level and major consumption expenses. 

Respondents were asked to specify in detail all inputs used, outputs obtained, and prices 

for the different crops. Off-farm income includes agricultural wages, non-agricultural 

wages, self employed income, remittances, and other income such as capital earnings and 

pensions. Food consumption data were elicited at the household level, covering all the food 

items consumed in the two days (48 hours) preceding the survey. Quantities consumed, 
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including food from own production, market purchases, and out-of-home meals and snacks 

were recorded!(see Appendix 2-2). 

The data were managed and analyzed using SPSS (version 17) and STATA (version 10) 

statistical software. 
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3 CIALCA TECHNOLOGY DISSEMINATION AND IMPACT 
PATHWAYS 

3.1  Introduction  
!
The impact pathway of a research for development project is the conceptualization of how 

the project will contribute to a long-term (development) goal, or the theory of change 

underlying the project (Douthwaite et al., 2003, Springer-Heinze et al., 2003). Often, 

impact pathways are formulated as a logical framework for the project, with (long-term) 

goal, purpose, outcomes and outputs explaining the underlying hypothesis of how project 

activities lead to research outputs, how these will be used by the research clients or target 

groups (outcome) and what will be the aggregate effects on target populations with respect 

to the goal (i.e. the impact). In the impact pathway, the role of different actors in this 

process of change is considered and assumptions about factors that favor or hinder the 

process are made explicit. Typically, the project implementers´ control of such factors is 

restricted to the activities that lead to research outputs, since an increasing number of 

actors and contextual factors are involved when moving further along the impact pathway 

(Springer-Heinze et al., 2003). However, the use of impact pathway analysis in project 

planning and monitoring can inform the design of activities and orient interactions with 

partners in order to increase the probability of the desired impact pathway being followed. 

Usually, any research or development project is not the only possible source of change 

within the target population, as many other factors influence agricultural production and 

livelihood outcomes, but impact pathways are still useful in ex-post impact assessment in 

order to establish a plausible causal relationship between a specific project and observed 

changes in development outcomes. The description and analysis of impact pathways can 

also provide lessons about effective interventions (EIARD, 2003). 

This impact assessment study has been carried out at a very early stage of the projected 

change process, while the CIALCA project has still about one year to run and impacts are 

either very recent or still to emerge. Therefore, the assessment of progress made so far on 

the impact pathway is an important tool to evaluate the effectiveness of the project, to 

explain those effects on target indicators that can already be observed and to predict the 

potential future impact and sustainability of project achievements.  
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The objectives of this chapter are therefore to document the progress of the CIALCA 

project along its impact pathway in terms of the perceptions of CIALCA partner 

organizations and stakeholders, to assess their uptake of CIALCA products, to estimate the 

potential outreach to the target population and to draw conclusions on priorities for up-

scaling and dissemination efforts during the final stages of the project, together with 

possible follow-up interventions. 

In the remainder of this chapter, CIALCA research outputs are described (section 3.2), the 

CIALCA theory of change is explained (3.3), followed by the empirical results on farmers’ 

preferences for information sources, their linkages to farmer associations and potential 

impacts. Finally the perceptions of the stakeholders in technology dissemination and 

policies are discussed. 

 

3.2  CIALCA research outputs 

CIALCA has developed a broad range of agricultural technologies and related practices, 

based on a diagnosis of the main constraints of agriculture-based livelihoods. In the 

baseline survey (Ouma et al., 2011), high rates of food insecurity were found, with 44% of 

respondents reporting periods of insufficient food available to them. Only 12% reported 

having year-round access to sufficient food of the desired types. Among the reasons for 

this food insufficiency, climate conditions affecting yields and pests and diseases ranked 

highly (Ouma et al., 2011). The CIALCA outputs therefore primarily address productivity 

constraints, but also cover the continuum from production to market innovations. For this 

evaluation, CIALCA products were grouped as follows. 

1. Productivity-enhancing technologies, e.g. improved varieties of legumes and 

banana, integrated soil fertility management (ISFM), crop management practices 

for improved intercropping and integrated pest and disease management, mainly for 

banana. Some of the technologies may not necessarily lead to an increase in yield, 

but they reduce the risk of yield loss due to e.g. diseases such as banana bunchy top 

disease (BBTD) and banana Xanthomonas wilt (BXW); 

2. Income-enhancing innovations and practices, including support to farmer groups 

for collective marketing, development of business plans, crop processing and 

transformation;  
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3. Approaches to improve nutrition, particularly protein intake e.g. introduction of 

soybean/improved soybean varieties, processing and transformation of soybean, 

nutrition education/training, diversification of banana systems and promotion of 

nutritious banana-based recipes. In addition, there have been activities targeting 

promotion of food-based approaches to enhance production and consumption of 

vitamin A-rich products derived from bananas.  

In total, about 30 technologies have been promoted by CIALCA in the study sites. For the 

purpose of this study these technologies are categorized into four broad groups: 1) 

improved germplasm; 2) improved crop management; 3) IPM practices; and 4) post 

harvest technologies (Table 3-1:!CIALCA!products!by!categories!of!technologies). 

 

Table 3-1: CIALCA products by categories of technologies 
!

Category  Technology  
Improved bush bean varieties 
Improved climbing bean varieties 
Improved soybean varieties 
Improved groundnut varieties 
Improved pigeon pea varieties 
Improved cowpea pea varieties 
Improved cooking banana varieties 
Improved beer banana varieties 
Improved dessert banana varieties 
Improved plantain banana varieties 
Improved maize varieties 

Improved 
germplasm 

Improved cassava varieties 
Improved maize-legume intercropping planted in lines 2 meters x 2 meters 
Use of fresh and decomposed manure 
Rotation of maize with new high-biomass climbing bean or soybean 
varieties 
Combined manure/compost and fertilizer application in the planting hole 
Cassava planted at about 2 m x 0.5 m intercropped with legumes 
Planting of beans in mulched bananas using sticks, not hoes/ No tillage 
Intercropping coffee with banana 
Mucuna fallows 

Improved 
crop 
management 
systems 

Applying chromolaena or tithonia 
De-budding, uprooting and destroying of sick banana plants, use of clean 
suckers 

IPM 
practices 

Uprooting and destroying infected plants (BBTV control) 
Soybean transformation-milk, cake, tofu 
Following a written plan on production and marketing (business plan) 

Post harvest  
technologies 

Collective marketing/ bulking of produce 
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These technologies have been selected and developed according to a holistic view of the 

production system, as illustrated in the integrated soil fertility management framework 

(ISFM) (Figure 3*1). Although each of the individual technologies may have an effect on 

productivity, there is a significant and increasing benefit of adopting the interrelated 

practices. The figure shows the particular importance of combining technologies on soils 

with lower fertility, which is a characteristic of small farmers’ plots that have been 

intensively exploited over long periods. Appropriate and well adapted improved 

germplasm is the basic element and was the starting point for many of the CIALCA 

interventions. Building on this, different options for improving soil fertility include mineral 

fertilizer, combined use of mineral and organic fertilization and the adaptation to specific 

requirements according to crop, climate and soil composition. Moving up the steps, the 

farmers need more and more knowledge and use their own experimentation for local 

adaptation of technologies, which has been at the centre of CIALCA capacity building with 

development partners and farmer associations. 

 

 
Figure 3-1: Integrated soil fertility management as a framework for improvement of 
productivity of system components 
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3.3 Conceptualization of CIALCA impact pathway 

 The CIALCA project was set out with the ultimate goal of improving agriculture-based 

livelihoods in Central Africa through increasing farm productivity, household incomes and 

improving food security and nutrition. The main project outputs are agricultural 

technologies and related practices, which are expected to improve productivity, income 

and nutrition for adopting farmers and, ultimately, to reduce poverty. 

The impact pathway of the CIALCA project is schematically represented ( 
), with the basic assumption that the adoption of project outputs by the target population 

(poor farmers) will lead to improved productivity, incomes and nutrition. The activities and 

processes leading to this impact included a comprehensive problem diagnosis, including 

the characterization of agro-ecological and institutional conditions, a baseline survey on 

food security, livelihoods and production technologies and specific diagnostic studies on 

production, organizations and markets. Technology development and selection were based 

on on-farm trials and participatory evaluation, which also constituted an important element 

of technology dissemination, and which were backed up by research in universities in the 

region and in Belgium. Capacity building and training of staff in the development partner 

organizations, the distribution of seeds and planting material and facilitation of access to 

fertilizers enabled wider-scale technology dissemination, which occurred through farmer 

training, extension visits to farmers, field days, demonstration plots and radio broadcasts. 

The project produced technical publications, leaflets and brochures to support technology 

diffusion. 

There have been many actors involved in the project (
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Table 3-3: Main actors in the dissemination pathway 
). The national and regional research institutes in Burundi: the Agricultural Research 

Institute of Burundi (ISABU) and the Agricultural and Zootechnical Research Institute 

(IRAZ); DR Congo: the National Institute for Environmental and Agricultural Research 

(INERA), and Rwanda: the Rwanda Agricultural Research Institute (ISAR) and the 

Rwanda Agricultural Development Authority (RADA). These were responsible for project 

implementation and coordination.  

National and Belgian universities collaborated in the research activities. Development 

partners were the main actors in the dissemination of technologies, and included the 

extension services and small local to large international NGOs. The private sector, 

particularly providers of seeds, fertilizers and others inputs, as well as in-vitro laboratories 

for banana plantlets, played an important role in facilitating access to the technologies. 

Finally, the support of policy makers and local authorities for the implementation of the 

project and the dissemination of the technologies to farmers was considered a critical 

factor to enable impact.  

In the geographical dimension of the project impact pathway, the project first focused on 

action sites - communities that were selected during the diagnostic phase to represent a 

broad range of socio-economic and agro-ecological conditions. In these sites, technology 

development and participatory evaluation were carried out as direct project activities. In 

the next step, the development partners started dissemination of the technologies in their 

areas of influence, the “satellite sites”. It is important to note that in practice there may be 

considerable overlap of action and satellite sites, in terms of dissemination methods. It is 

expected that over time the CIALCA products will reach coverage throughout the targeted 

mandate areas in the three participating countries. Further beyond this stage, homologous 

zones throughout Africa have been identified, where climatic and soil conditions are 

similar to the mandate areas and for which CIALCA products could be relevant as well. 



CHAPTER!3.!CIALCA!TECHNOLOGIES!DISSEMINATION!PATHWAYS!! 15!

15 
!

 
 
Figure 3-2: Schematic impact pathway of CIALCA project 
!
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Table 3-3: Main actors in the dissemination pathway 
 

Country  Mandate 
area 

NARS NGOs Private 
sector 

Burundi Gitega Burundi Red Cross, World 
Vision, Floresta Burundi 
Gitega-based organization 
Agakura 

 Kirundo International Fund for 
Agricultural Development 
(IFAD) 

 Umatara 
(Rusizi 
Plain) 

Agricultural and 
Zootechnical 
Research Institute 
(IRAZ), 
Agricultural 
Research Institute 
of Burundi 
(ISABU) Caritas Burundi 

private tissue 
culture lab- 
Phytolabu 

DR 
Congo 

South-
Kivu 

National Institute 
for Environmental 
and Agricultural 
Research (INERA) 
Catholic 
University of 
Bukavu (UCB). 

Action Against Hunger 
(ACF), Caritas, the Red  
Cross, Kivu arm of  Belgian 
organization: the 
Vredeseilanden Country 
Office (VECO), Foundation 
Rama Levina (FORAL) 

 

 North-
Kivu 

Catholic 
University of 
Graben (UCG), 
University of 
Kisangani, INERA 

Approaches to Interaction 
between Grassroots 
Organizations (DIOBASS) 
Kivu arm of  Belgian 
organization: the 
Vredeseilanden Country 
Office (VECO). 

 

 Bas-
Congo 

INERA ACF, VECO  

Rwanda Umutara  Rwanda Development 
Organization (RDO), 
Rwandese Health 
Environment Project 
Initiative (RHEPI), and 
Rwanda Rural 
Rehabilitation Initiative 
(RWARRI). 

 Kigali-
Kibungo 

Presbyterian Church of 
Rwanda (EPR), Catholic 
Relief Services (CRS), 
Behar Bedasoa, Support 
Office to Rural Initiatives 
(BAIR), and World Vision. 

 Gitarama   

Agricultural 
cooperatives 

 Kibuye-
Gisenyi 

Rwanda 
Agricultural 
Research Institute 
(ISAR), Rwanda 
Agricultural 
Development 
Authority 
(RADA), Ministry 
for Agriculture and 
Animal Resources 
(MINAGRI) 

RADA, Behar Bedasoa, 
Support Office to Rural 
Initiatives (BAIR), 
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Source: own presentation. 

 

While this impact pathway describes the general approach and conceptualization of the 

CIALCA project, in the concrete implementation of the project in the 10 mandate areas 

many adjustments have been made to country-specific contexts and to new ideas and 

opportunities arising from interaction of the partners. In a study on the CIALCA modus 

operandi, Cox (2011) describes the country-specific implementation strategies, 

highlighting the project’s flexibility with respect to problem-solving and responding to 

new ideas arising in the interaction of project partners. Within the general impact pathway, 

different sets of partner organizations have a different weight in the implementation. As an 

example, Rwanda has a strong public agricultural research and extension sector which is  a 

key partner for CIALCA, compared to the situation in Burundi, where CIALCA had much 

more direct interaction and interventions with farmers (i.e. stronger NGO involvement), 

and a major priority was to contribute to capacity building within the national institutes.  

 

3.4 The implementation of CIALCA impact pathway from the stakeholders’ 

perspective 

This analysis is based on the three main sources of information described in Chapter 2: the 

household survey, data from a survey among farmer associations that were collected 

during focus group discussions; and the results from stakeholder workshops. The analysis 

follows the sequence of the impact pathway and starts with the stakeholders, who were 

involved in the interventions, then explains the involvement of the farmer associations in 

CIALCA and finally provides an overview of farmers’ interest in new technologies and 

uptake. A more detailed analysis of the adoption process at farm level is provided in 

chapter 4. 

 

3.4.1 Technology dissemination by CIALCA development partner organizations 

In all mandate areas, both extension services and small local to large international NGOs 

got involved in the dissemination of technologies to farmers. The main motivation for them 

was the expected positive impact of the technologies on on-farm productivity, which is 

seen as an important step towards enhancing food security. The facilitation of access to 

improved germplasm was highlighted as an important benefit by several extension officers. 
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The development partners selected technologies of particular relevance in the respective 

mandate area. In North Kivu and Burundi, banana technologies were most important, while 

the focus in Bas Congo was on legumes and the management of legume intercropping with 

maize and cassava. Post-harvest technologies and improved marketing strategies were 

promoted in all areas (Table 3*3). 

 

Table 3-5: Technologies promoted by CIALCA partners by country 
  

DR Congo 
TECHNOLOGIES 

PROMOTED Burundi Rwanda Bas 
Congo 

North 
Kivu 

South 
Kivu 

Total 

Improved germplasm             
Bush bean 0 1 1 1 1 4 
Climbing bean 0 1 1 0 1 3 
Soybean 0 1 1 1 1 4 
Groundnut 0 1 1 0 0 2 
Pigeon pea 0 0 1 0 0 1 
Cowpea 0 1 1 0 0 2 
Cooking banana 1 1 0 1 1 4 
Beer banana 1 1 0 1 1 4 
Dessert banana 1 1 0 1 1 4 
Plantain      0 1 1 2 
Crop management             
Maize-legume 0 1 1 1 1 4 
Intercropping in lines 0 1 1 1 1 4 
Manure 0 1 1 1 1 4 
Maize with new climbing or 
soy bean varieties 0 1 0 0 1 2 

Fertilizer use maize, cassava 
Legumes in planting line/hole 0 1 1 1 1 4 

Combined manure and 
fertilizer in planting hole 1 1 0 1 1 4 

Cassava 2 m intercropped with 
legumes 0 1 1 1 1 4 

Banana macropropagation 1 1 0 1 1 4 
Planting of beans in mulched 
bananas 0 0 0 1 0 1 

Intercropping coffee 0 0 0 1 0 1 
Banana plantation management 1 1 0 1 1 4 
Mucuna fallows 0 0 1 0 0 1 
IPM             
Chromolaena or tithonia 0 0 1 0 0 1 
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DR Congo 
TECHNOLOGIES 

PROMOTED Burundi Rwanda Bas 
Congo 

North 
Kivu 

South 
Kivu 

Total 

De-budding and destruction of 
sick banana plants (BXW) 1 0 0 1 1 3 

Uprooting for BBTV control 1 1 0 1 1 4 
Post-harvest and marketing             
Soy bean processing 0 1 1 1 1 4 
Business plan 1 1 1 1 0 4 
Collective marketing 1 1 1 1 1 5 

 TOTALS 10 21 16 21 20 88 
1= disseminated, 0= not disseminated. 
Source: own presentation. 
The participants of the stakeholder consultation workshop were asked to give an estimate 

of farmers reached by the technology dissemination. The outreach level of individual 

organizations varied, some (e.g. a small NGO) registered as few as 45 or 78 farmers while 

others (e.g. Concern Worldwide Burundi, EPR in Rwanda, or interventions with support 

from FAO in North Kivu) reported large-scale interventions of more than 1000 farmers as 

beneficiaries. Since these figures were not triangulated with intervention records or 

participant lists, they have to be interpreted with care. However, they can be seen as 

indicators for the positive perception of the CIALCA development partners about their 

contribution. Although few NGO stakeholders answered the question of own investment 

for CIALCA dissemination, the stated high numbers of farmers reached could indicate the 

high acceptance and the willingness to continue disseminating CIALCA technologies in 

the region.   

 

3.4.2 Enabling agricultural policy environment 

The agricultural policy environment is quite different in the three countries where the 

CIALCA project operates. Table 3-6:! Agricultural! policies! influencing! in! CIALCA! mandate! areas 

summarizes the key elements of the enabling policy environment for CIALCA 

technologies in Rwanda, Burundi and DR Congo. 

In Burundi, the Ministry of Agriculture, Animal Resources and Forestry (MINAGRI) 

produced a five- year action plan through the National Agricultural Policy (NAP), in line 

with the I-PRSP (interim poverty reduction strategy paper), to reduce degradation of 

natural resources, food insecurity and poverty. The policy is being implemented through 

different projects such as the Agricultural Program of Rehabilitation and Sustainable Land 
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Management (PRASAB). There is a fertilizer revolving fund managed by Burundi 

National Development Bank (BNDE), through which cost of importation is funded by the 

government. 

In Rwanda, the Agricultural Policy Outline prepared by the Ministry of Agriculture, 

Animal Resources and Forestry (MINAGRI) calls for “a radical change of approach” to 

transform and modernize Rwandan agriculture through “the development of a modern 

agriculture”. The proposed strategy includes intensification of agriculture through 

increased use of agricultural inputs, agricultural professionalization that promotes high 

enterprise profitability, the promotion of soil fertility management, improved marketing 

initiatives and a greater role for farmer cooperatives and associations. In order to 

encourage private sector involvement in fertilizer importation, mechanisms have been put 

in place to develop fertilizer distribution systems in Rwanda such as reducing non-tariff 

barriers and improving lending environment and increasing investments in rural roads and 

marketing infrastructure. Enforcement of these policies is supported by a very high local 

level participation in monitoring by local units of the ministry and other stakeholders.  

In DR Congo, the central government in Kinshasa has attempted to develop agricultural, 

trade and food-related policies, but implementation has so far been very weak. Since 1997, 

no government agency has facilitated technical assistance or released funds for an 

agricultural extension service in DR Congo.  

 

Table 3-6: Agricultural policies influencing in CIALCA mandate areas 
!

Country Policy document Elements 

Rwanda 
 

a) Poverty Reduction Strategy 
Paper (PRSP), 2001. 

b) Strategic Plan for Agricultural 
Transformation in Rwanda, 
2004. 

- Intensification of agriculture 
-zero grazing policy  
-promotion of soil fertility and 
protection 
- improved marketing initiatives. 

Burundi a) National Agricultural Policy 
(2006-2010). 

- Improving availability of fertilizer and 
CPPs 
- Capacity building of producer 
associations. 

DR 
Congo 

a) Lack of solid agricultural 
policy (during post-colonial 
period) to guide agricultural 
production.   

- centralized governance 
- Weak policy enforcement at the local 

level. 
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During the stakeholder consultation workshops, in all countries, the representatives of the 

ministries of agriculture confirmed that CIALCA products are generally in line with the 

governments’ agricultural strategies because they are perceived to contribute to improved 

productivity. Representatives of the ministries of health highlighted the positive effects on 

food security through higher on-farm production. CIALCA is also well-received by local 

authorities, which in most mandate areas are a key support to facilitate community 

activities and link the partners to farmers. In Bas Congo, government officials highlighted 

the role of the local authorities, since no community intervention is possible without their 

prior consent and support. The local authority representatives from all countries saw it as 

one of their main goals to make farmers aware of options for improving agricultural 

production and promote technology adoption. CIALCA was seen as a good opportunity 

and a contributor to this goal. CIALCA technologies have become standard recommended 

technologies of extension services in Rwanda and Burundi. In DR Congo, although well 

accepted, dissemination over the coming years may be hampered by a lack of funds for 

agricultural extension in general. Stakeholders in both South Kivu and Bas Congo pointed 

out that future dissemination may depend on the availability of foreign funds for training 

and dissemination.  

In North Kivu, the stakeholder group included two radio stations. The main contribution of 

one station was to broadcast an awareness campaign on banana Xanthomonas wilt, 

supporting and complementing extension efforts on the ground. The interest of the other 

station was to inform listeners about food processing for micro-businesses.  

The private sector has been involved in the CIALCA project as supplier of fertilizers and 

distributor of improved seeds and planting material of bananas and cassava. The 

interviewed business people reported that in general the demand for their products had 

increased. Reasons they stated included the new availability of improved seeds, subsidies 

for fertilizers and farmer training on the use of the new varieties and/or targeted fertilizer 

use. Others attributed the increased demand to population growth. For the future, the 

agribusiness sector expects increased sales, particularly of seeds, banana planting material 

and fertilizers. This indicates the potential and necessary role of the private sector in 

making seeds and other technologies available throughout the mandate areas. Once farmers 

gain more experience with the varieties and evaluate the benefits under their specific 
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growing conditions, the demand for these inputs from the private sector will further 

increase. 

 
3.4.3 CIALCA impact through farmer associations 

About one third of respondents to the household survey were members of a farmer group 

or association. Farmer associations are the main target group of CIALCA interventions for 

participatory technology evaluation and the establishment of multiplication plots for 

improved varieties. In the second project phase about 300 farmer associations were directly 

involved with CIALCA and its development partners. For this study, interviews were 

carried out with representatives of a sample of 94 associations, representing a total of 3,456 

members. An attempt was also made to include associations that have not participated 

directly in the CIALCA project (Table 3-8:!Number!of!associations!interviewed!by!mandate!area) 

 

Table 3-8: Number of associations interviewed by mandate area 
  
Country Direct link with CIALCA* No direct CIALCA link* Total* 
Burundi 14 14 28 
 (465) (329) (794) 
Bas Congo 14 0 14 
 (210)  (210) 
North Kivu 14 2 16 
 (879) (330) (1,209) 
South Kivu 14 4 18 
 (838) (60) (898) 
Rwanda 17 1 18 
 (543) (12) (555) 
Total 73 21 94 
 (2,725) (731) (3,456) 
*Total number of affiliated farmers in brackets 

 

 

Most of the groups are well organized (80% have a constitution and an organizational 

structure consisting of a chairman, vice chairman, secretary and treasurer). The current 

status of individual groups is summarized in Table 3-10:! . Except for Bas Congo, more 

female than male farmers worked in groups. This is likely to be related to the role of 

women in producing the household’s staple food and hence in agricultural production of 

the basic crops such as legumes, maize and cassava. Also, a number of organizations run 
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interventions and projects targeted directly at women’s groups, which might be an 

additional incentive for women to organize in groups. 

 

Table 3-10: Geographical distribution of farmer groups and key characteristics 
!

Mandate area N° of groups 
sampled 

N° who have a 
constitution 
(%) 

Membership  
(mean 
N°/group) 

Female: male 
ratio 

Gitega 15 17.5 34 1:0.32 
Rusizi 13 16.3 22 1:0.63 
Bas Congo 14 13.8 15 1:1.26 
North Kivu 16 16.3 76 1:0.76 
South Kivu 18 16.3 50 1:0.29 
Kigali-Kibungo 4 5 41 1:0.51 
Umutara 14 15 28 1:0.70 
Total 94 80 38 1: 0.65 
Source: own presentation 

Table 3-12:!Common!activities!carried!out!by!the!associations!(%). shows the main activities carried 

out by the groups in the study areas. Most groups pursue several activities but practically 

all are organized around agricultural crop production. Some groups, particularly in North 

Kivu and Umutara, also engage in livestock rearing. In Burundi and South Kivu, livestock 

rearing is rarely found. Support in marketing farm production or group marketing is an 

important task for the associations in all mandate areas. Also, the groups facilitate access to 

inputs through joint sourcing. In South Kivu, Umutara and North Kivu, some associations 

even have the capacity to provide microcredit to their members. This is not reported from 

Burundi, Kigali-Kibungo or from Bas Congo. In North Kivu, a number of associations also 

engage in sourcing training and extension, an activity, which is not reported from the other 

areas. 

 
Table 3-12: Common activities carried out by the associations (%). 
Type of 
activities 

N Gitega Rusizi Bas 
Congo 

North 
Kivu 

South 
Kivu 

Kigali- 
Kibungo 

Umutara 

Marketing 55 46.7 61.5 78.6 46.7 72.2 50.0 50.0 
Sourcing 
inputs 

57 60.0 69.2 50.0 46.7 88.9 50.0 50.0 

Sourcing 
training & 
extension 

7    46.7    
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Crop 
production 

92 93.3 100.0 100.0 100.0 100.0 100.0 100.0 

Livestock 
rearing 

16  7.7 14.3 46.7 5.6  35.7 

Micro-credit 
to members 

9    6.7 33.3  14.3 

Total number 92 15 12 14 15 18 4 14 
Source: own presentation. 

3.4.4 Adoption of CIALCA technologies at group level 
!
For 67 of the 94 associations, the respondents indicated that at least one CIALCA 

technology was being used by members of the group. Of the 21 associations with no direct 

CIALCA links, one third had adopted at least one of the technologies, while 81% of the 74 

associations that had some direct involvement with CIALCA indicated by the continued 

use of some technologies.  

Improved legume varieties (bush, climbing or soybean) had the highest adoption among 

the farmer group members (Table 3-14:!Selected!CIALCA!technologies!and!associations!reporting!to!

have!started!using!these!since!2007.). However, technology adoption among farmer groups was 

relatively evenly distributed with rates of 20 to 40% for nearly all other technologies. 

 
Table 3-14: Selected CIALCA technologies and associations reporting to have started 
using these since 2007. 

Technology used  

Associations with 
direct CIALCA link  
n=73 

Associations with no 
direct CIALCA link  
n=21 

 N°  %  N°  %  
Improved bush bean varieties  38 52 4 19 
Improved climbing bean varieties 33 45 1 5 
Improved cowpea pea varieties 16 22 -  
Improved cooking banana varieties  25 34 1 5 
Improved dessert banana  22 30 1 5 
Improved groundnut varieties 19 26 1 5 
Improved soybean varieties 36 49 2 10 
Improved maize-legume intercropping 28 38 2 10 
Rotation of maize with high-yielding 
legumes 

27 37 3 14 

Cassava planted at 2m x 0.5m with legume 
intercrop 

17 23 3 14 

Combined manure with fertilizer 38 52 3 14 
Mucuna fallow 11 15 -  
Applying Chromolaena mulch 17 23   
Soybean transformation 38 52 2 10 
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Technology used  

Associations with 
direct CIALCA link  
n=73 

Associations with no 
direct CIALCA link  
n=21 

 N°  %  N°  %  
Macropropagation of banana 25 34 3 14 
Planting of beans in mulched bananas 18 25 2 10 
Uprooting and destroying infected banana 
plants (BBTD) 

12 16 4 19 

Banana plantation management 23 32 3 14 
De-budding, uprooting and destroying sick 
banana plants (Xanthomonas Wilt infected) 

30 41 1 5 

Source: own presentation. 

3.4.5 Perceptions of CIALCA impact at group level 
!
When asked about their general perceptions on changes in productivity level and group 

members’ household income, the majority of interviewed associations perceived higher 

production levels. 68 associations (93%) with direct links to CIALCA reported an increase 

in production level, for those who had no direct links to the CIALCA project, these figures 

are 14 associations (66%). The other associations, except one (with direct CIALCA link) 

had not observed changes in the production level. With respect to income, 60 of those 

association with direct links to CIALCA (82%) reported an increase in members’ incomes, 

but only 10 of those without direct links to CIALCA (47%). About  half of the associations 

with CIALCA links attributed higher production to crop management technologies (Figure 

3.3). The picture for the other association is similar. As for increases in income, improved 

productivity was the prominent reason given (Figure 3*4). The results also emphasize the 

positive effect of forming groups and associations, with 23% of the associations explaining 

improved income levels with collective action and mutual support within the groups. This 

basically supports the hypothesis of the CIALCA impact pathway from technology 

adoption to improved productivity levels, while working through farmer groups, resulting 

in increased household income. Market-related factors such as improved access through  

group marketing and coordination of transport of produce also contributed to improved 

income. On the other hand, for those who reported income losses, adverse climate 

conditions during the previous season and shifts in rainfall were mentioned as major 

reasons. 

However, the perceptions of some representatives of the farmer groups concerning 

productivity and incomes need to be considered with care. While they give an overall 
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appreciation of the support provided by the CIALCA project, productivity and income 

effects still need to be confirmed by household-level data, as described in the following 

chapters.  

Figure 3-3: Reasons for increases in productivity level (% of associations with 
CIALCA links) 
 

 
Source:!own!presentation!
!
Figure 3-4: Reasons for increases in income level (% of associations with CIALCA 
links) 
!
!

 
Source:!own!presentation!
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3.4.6 Farm households’ access to information 
!
The project should address priority constraints for the target population in order to achieve 

adoption and impact. Hence, the question was asked, on which issues the target population 

most frequently actively seeks information, and whether the CIALCA technologies would 

match these main interests? Results from the household survey demonstrate the high 

priority given to issues of agricultural production. New varieties of crops are the most 

frequent area of interest, for which farmers are actively seeking for information (Figure 

3*5). Family planning and health are the second most important issues, followed by crop 

pests and diseases, nutrition and then the conservation of soil and water quality and tree 

planting. With respect to CIALCA technologies, these hence address the most urgent 

information needs of farmers in the target area. 

 
 

!

Figure 3-5: Issues of interest when accessing information (% of respondents accessing 
information on respective issue) 
Source: own presentation 

The commonly used sources of information used by the target population can be an 

important and effective entry point for the project technology dissemination. When taking 

a closer look at the sources of information on the priority topics of interest, the public 

extension services, as well as CIALCA, are the most frequently mentioned by the surveyed 

respondents (Figure 3*6). The different sources emphasize different themes: governmental 

public extension is a generally a very important information supplier, and ranks first for 
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issues on human nutrition and crop storage pests. The collaboration of the CIALCA project 

with public extension services thus represents an effective means of technology 

dissemination. Radio stations are quite strongly involved in nutrition campaigns and 

creating awareness on pests and diseases. CIALCA itself became a new information source 

through its direct interventions in action sites and is an important source of information for 

many farmers, particularly on new crop varieties, but is also the prime source of 

information on crop pests and diseases, which reflects the intensity of project efforts on 

these topics. NGOs are much less frequently mentioned as the main information source. 

This is surprising, given the CIALCA strategy of disseminating technologies through 

NGOs as development partners. However, if these operate under the umbrella of 

collaboration with CIALCA, they might be less visible as individual organizations. Fellow 

farmers are also important source of information, indicating that promoting farmer to 

farmer dissemination of information will be an effective medium. Private businesses play a 

role in providing information only for a very minor share of farmers, 5% (for new 

varieties). However, private sector driven supply of improved inputs, based on demand and 

profitability will be indispensable for sustained use of improved varieties and other 

technologies once public project spending on dissemination phases out, it will be important 

to strengthen links to seed suppliers and agro-input dealers, as potential allies in the 

dissemination of CIALCA technologies. 
!
!
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!

Figure 3-6: % of respondents mentioning main information sources for farmers on 
issues of agricultural production and human nutrition 
Source: own presentation 
 
In order to identify the most effective means of technology dissemination, the survey 

respondents indicated for each CIALCA technology, whether and from which information 

source they had heard about it, and whether they actually used the technology during the 

last cropping season. Figure 3*7 shows, for each source of information, the proportion of 

farmers that, having heard of the technology, actually adopted it. The results show that 

there are differences in the rates of adoption by information source, e.g. respondents 

learning about a new technology from the radio, are relatively unlikely to implement it on 

their farms. Also, those relying on other farmers for information, are relatively less 

probable adopters, as compared to those having interacted with CIALCA or with the 

government extension service. Nevertheless, other farmers are by far the most frequently 

mentioned information source for specific technologies, as a consequence representing the 

second most important way for adopting the CIALCA technologies. NGOs, farmer 

cooperatives and other research centres also seem to be quite effective in encouraging 

adoption with about 50% of adopters, however in total numbers they reach fewer farmers.  
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!
Figure 3-7: Sources of information on CIALCA technologies and adoption by 
information source. 
Source: own presentation. 
!
With respect to the basic assumption of ISFM, improved germplasm plus fertilizer are the 

key elements to start improving productivity and hence the use of improved germplasm is 

an important step on the impact pathway. The analysis of the sources of new germplasm 

shows that overall, own saved seed was the most important source of new germplasm, 

followed by CIALCA and farmer to farmer exchange (Figure 3*8).  
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!

Figure 3-8: Sources of improved germplasm (% of respondents who used improved 
varieties during last season)  
Source: own presentation 
!
The fact that farmers are already saving their own seeds of improved varieties and sharing 

them with other farmers indicates the seeds’ acceptability for production and possibly can 

be interpreted as an indicator for the sustainable supply of germplasm after the project 

ends. Although agro-dealers or stockists are not a major source of information on improved 

varieties (see Figure 3*7), they do play a role in providing the seeds to those farmers who 

demand them (Figure 3*8).  

Figure 3*9 shows that many farmers acquire their seeds as gifts, which could relate to 

project interventions, but also include farmer to farmer gifts and hence may reflect the 

mutual support within the farming community, with positive implications for sustainable 

adoption and diffusion. However, there is also is a willingness to pay, even in cash, for 

quality seeds or planting material: 23% of respondents indicate having spent cash. The 

most likely seed sources are from input dealers, local seed producers, and other farmers or 

from NGOs supplying the seeds at a cost. From this data no general recommendation can 

be drawn concerning free access versus farmer willingness to pay for improved 

germplasm. If farmers are supplied seeds for free and subsequently save it for the next 

growing season and even exchange it within the community, adoption and further 

dissemination can be assumed to be sustainable. Yet, the availability of quality seeds in the 

medium and long-term will also depend on the effective demand from commercial sources. 
!
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!

!
Figure 3-9: Mode of acquisition of improved seeds or planting material during 
previous season (% of respondents). 
Source: Own presentation 

!

3.5 Conclusions 

Overall the results show a broad support for the CIALCA project among the different 

groups of stakeholders. In the perceptions of these stakeholders, the CIALCA technologies 

are relevant and useful to address the most important goal of agricultural policy, that of 

increasing on-farm productivity levels. The development organizations see the CIALCA 

technologies as a useful tool for rural development through improved productivity and 

have invested in disseminating them. The approaches to group marketing and training in 

the use of business plans are tools for enhancing farmer organization and were 

disseminated in all mandate areas. 

The presented data show that the CIALCA project has well advanced on its impact 

pathway and accomplished the projected outcome of broad uptake of its products by 

development partners who are willing to disseminate them. However, the sustainability of 

project achievements will still depend on the availability of funds for farmer training and 

extension services. Especially in DR Congo, further investment will be necessary for 

effective scaling up of the technologies throughout the mandate areas.  

The majority of farmer groups that were involved with CIALCA interventions, report very 

positive perceptions on the technologies and perceive the planned impact pathway of 
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technology adoption to improved productivity and finally improved incomes as relevant 

and successful. Yet, a more detailed analysis beyond these perceptions is needed in order 

to conclude on the actual household level adoption and impacts. 

The analysis of information search and sources of advice and information reveals that 

CIALCA addresses issues of high interest to farmers and has been using established 

communication channels to reach the farmers, which is an efficient way of technology 

dissemination. With respect to technology delivery, e.g. improved germplasm, many 

farmers already are producing their own seeds of the new varieties, and are also 

exchanging with others. Project interventions are still going on; hence, at the time of the 

household survey, many farmers are still in the testing phase, based on cheap or free seed 

samples provided by CIALCA and development partners. However, as indicated by the 

high importance of farmer-to-farmer exchange, and particularly also by the already high 

share (25%) of farmers willing to spend cash on seeds of improved varieties, farmers do 

appreciate these varieties and are likely to continue planting them even after the project 

seed distribution ends. Also, the private sector will be important to facilitate access to 

improved varieties after project support for demonstration and seed multiplication plots has 

been phased out.  
!
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4 DETERMINANTS OF ADOPTION OF CIALCA TECHNOLOGIES  
 

4.1 Introduction 

CIALCA has applied the production-consumption continuum in the delivery of its project 

outputs: The potential of the technologies developed and disseminated by the project for a 

marked increase in productivity of the production systems has been demonstrated in field 

trials. The market linkage approach has been used to drive the uptake of banana and 

legume technologies through collective efforts among smallholder farmers. 

For assessing the impacts of these approaches and interventions at household level, a sound 

analysis of the adoption process is fundamental. Studies also are needed to identify major 

constraints to adoption, which can give feedback to priority setting and to the research 

programs and guide policy-makers and those involved in technology transfer to have a 

better understanding of the modalities of adoption, and diffusion of new technologies. 

This section examines the adoption rates of CIALCA technologies and factors influencing 

their uptake from the perspective of modern evaluation theory, by employing the treatment 

effects approach (Wooldridge, 2005; Heckman et al., 1997). This approach is essential 

because it allows controlling for non-exposure or selection bias. The non-exposure bias 

arises from the fact that farmers who have not been exposed to a technology cannot adopt 

it, even if they might have done so if they had known about it. This leads to the 

underestimation of the adoption rate in the population (Diagne and Demont, 2007). Thus, 

due to the non-exposure bias, the normally computed sample adoption rate (the proportion 

of sampled farmers who have adopted) does not consistently estimate the true population 

adoption rate even with a random sample3. This is because farmers self-select into 

exposure and researchers and extension agents tend to target progressive farmers first 

(Diagne, 2006).  

The true population adoption rate corresponds to what is defined in modern evaluation 

literature as the average treatment effect (ATE). The ATE parameter measures the effect of 

a “treatment” on a person randomly selected in the population (Wooldridge, 2002). In our 

adoption context, “treatment” corresponds to exposure to a technology.  
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!

3 The standard sample adoption rate confounds information on diffusion and adoption of a technology, as it 
estimates the proportion of households who are exposed to the technology and have adopted it. By 
confounding the 2 types of information, the sample adoption rate provides unclear policy or research 
messages.  
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In this study, the true population adoption rate is estimated using a two-stage analytical 

model, where first exposure to the CIALCA technology is modeled, and then the 

determinants of adoption are identified. Finally, these model parameters are used to 

estimate exposure and adoption rates for the total population. 

The rest of the chapter is organized as follows. The next section presents the analytical 

model, followed by definition of variables used in the estimation. The theoretical 

framework of the ATE model is described in detail in Appendix 4*1. The key results are 

discussed in section 4.4. Finally, section 4.5 summarizes and concludes highlighting key 

findings and policy implications. 

 

4.2 Analytical Model  

The first challenge in estimating adoption is to define an adequate measurable indicator 

that will distinguish between adopters and non-adopters. Commonly two types of 

indicators are used: (1) a binary variable, indicating whether or not the technology is used 

by the farmer and (2) measures of the adoption intensity, indicating the extent of 

technology use e.g. area under a new variety, proportion of land dedicated to the new 

technology, application rates of new inputs etc. (Feder et al., 1985, Doss 2006). In this 

study, a set of about 30 new technologies or practices was assessed simultaneously; many 

of them can be seen as complementary, such as new germplasm and fertilizer application 

in the concept of ISFM, or the management of BBTD and the use of clean banana planting 

material from macro-propagation. The collection of detailed data on adoption intensity for 

each of these technologies was not feasible in this context, therefore, in this study, an 

adopter is defined as a household, which has used any two of the CIALCA products or 

technologies during the previous cropping season. Some of the products are specific 

improvements building on traditional practices, such as soil fertility management using 

manure, they could be confounded with those practices in the recall survey interview. 

Therefore, the year of first adoption was also asked, and only those farmers were 

considered as adopters who started using the CIALCA products between 2006 and 2011.  

The rate of adoption of a new technology in a farming community is subject to its 

profitability and the degree of risk and uncertainty associated with it and is highly 

influenced by the capital requirements, the socio-economic characteristics of farmers, and 

the general context as defined by markets and agricultural policies. During the Green 
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Revolution, Feder et al. (1985) concluded that farm size, risk and uncertainty, human 

capital, labour availability, credit constraints, and tenure security were the most important 

factors determining adoption decisions. Previous studies in developing countries have also 

suggested that a wide range of economic, social, physical and technical aspects of farming 

influences the adoption of agricultural technologies. We have included most of these 

variables as independent variables in the regression (Equation 4.5). The explanatory and 

dependent variables used in our econometric model are defined in Error! Reference 

source not found. (for more definitions of variables see appendix 4*2). 

 

ADOPTION =f (AGE, AGESQ, EDUCATION0, EDUCATION1, EDUCATION2 
EDUCATION3, EDUCATIONME, GENDER, FAMILYSZE, DRATIO, OCCUPATION, 
FARMSIZE, ASSETS, OFFFARM, CREDIT, DISTMKT, FARMERMEB, MEDIA, 
EXTENSION, RECORD, PLOT,FOODAID, MANDATE Dummies) equation (4.5) 
 

The household characteristics hypothesized to influence the adoption of CIALCA 

technologies include: age of the household head and its square (AGE, AGESQ), education 

(EDUCATION), highest formal schooling completed by other adult household member 

(EDUCATIONME), gender of the household head (GENDER), share of male members 

residing in household (MALE) dependency ratio (DRATIO) and household head main 

occupation (OCCUPATION). 

Labor availability is included by considering both available family labor (HHSIZE). 

Family labor was estimated by converting household size in adult equivalent (Deaton, 

1997). On one hand, the availability of family labor can impair the use of technologies that 

would require more labor than the family can provide (Doss, 2006). On the other hand, 

labor constraints may be a motivation to adopt time-saving new technologies.  

Access to information on improved technologies was captured through three binary proxy 

variables: Access to mass media (MEDIA) such as radio and television, extension contacts 

(EXTENSION), and contact with CIALCA (CIALCA). Acquiring information about a new 

technology is acknowledged as a very important stage in the adoption process (Feder and 

Slade, 1984; Rogers, 2003). Farmers must have information about new technologies before 

they can consider adopting them, this information reduces subjective uncertainty and 

therefore increases likelihood of adoption of new technologies (Doss, 2006). 

Access to credit or cash is included as a dummy variable, depending on whether the farmer 

was a member of farmer association (FARMERMEB). Assets (ASSETS) that can be easily 
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turned into cash (e.g., livestock) are also included, since it has been shown to help 

overcome credit constraints in rural areas (Reardon, 1997; Bryceson, 1999; Thirtle et al., 

2003). Lack of access to cash or credit can significantly limit the adoption of improved 

technologies but the choice of appropriate variable to measure access to credit remains 

problematic.  

Asset endowment is included through two proxies: total cropped area (FARMSIZE) and 

off-farm employment (OFFARM). Participation in off-farm employment likely indicates 

higher income (Walker et al., 2004), which can be invested in agriculture (Reardon, 1997; 

Langyintuo and Mungoma, 2008).  

Distance to the market (DISTMKT) is also added to the model. The closer a households 

lives to a market the better its access to inputs and new information, as well as output 

market opportunities (Abadi and Pnnel, 1999; Roy et al., 1999). 

Other variables included are, record keeping (RECORD), number of plots (PLOT), and 

receipt of any food aid during the last 12 months (FOODAID) and mandate area dummies. 

Usually heterogeneity in agro-ecology can be a strong factor explaining the variations in 

adoption of new technologies, thus a series of mandate area dummies are included to 

capture variation in rainfall, soil quality, and production potential. 

 

Table 4-1: Description of variables used in estimations with expected sign 
Variable  Definition  Sign  
Treatment variable  

ADOPT 1, if house hold adopted any two CIALCA technologies; 0, 
otherwise 

 

Independent variables 
Demographic characteristics  

 

AGE Age of household head (years) + 
AGESQ Age of household head  squared (years) - 
GENDER 1, if the household head is male; 0, otherwise + 
EDUCATION0 1, Household head with no formal education; 0, otherwise - 
EDUCATION1 Household head with primary education; 0, otherwise + 
EDUCATION2 Household head with secondary education; 0, otherwise + 
EDUCATION3 Household head with > secondary education; 0, otherwise + 
EXPERIENCE Farming experience of household head (years)  
EDUCTNME Highest formal schooling completed by other adult household 

member (years) 
+ 

FAMLYSIZE Number of family members living in the household in adult 
equivalent (count) 

+ 

DRATIO Dependency ratio (proportion over 64 and under 15years of + 
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Variable  Definition  Sign  
age (%) 

OCCUPATION 1, if household head main occupation is farming; 0, otherwise + 
Access to information  
MEDIA 1, if the household owned a radio  + 
EXTENSION Contact with extension agents (count) + 
CIALCA CIALCA trainings participation (count) + 
NGO Contact with NGO agents (count) + 
Access to credit or cash  
ASSETS Total value of farm assets per capita that can be transformed 

into cash (USD) 
+ 

FARMERMEB 1, if the farmer is a member of farmer association; 0, otherwise + 
CREDIT 1, if the household received credit during the cropping season; 

0, otherwise 
+ 

Infrastructure  
DISTMKT Distance to main market (km) - 
Asset endowment  
OFFFARM 1, if the household gets off farm income; 0, otherwise + 
FARMSIZE Farm size (ha) + 
Other variables  
PLOT Number of plots under cultivation + 
FOODAID Receive any food aid during the last 12 months  + 
RECORD 1, if the household keeps farm records; 0, otherwise + 
Mandate  dummies  
Gitega  1, if the farmer is located in Gitega; 0, otherwise  
Rusizi 1, if the farmer is located in Rusizi; 0, otherwise  
Bas Congo 1, if the farmer is located in Bas Congo; 0, otherwise  
North Kivu 1, if the farmer is located in North Kivu; 0, otherwise  
South Kivu 1, if the farmer is located in South Kivu; 0, otherwise  
Kigali-Kibungo 1, if the farmer is located in Kigali-Kibungo; 0, otherwise  
Umutara 1, if the farmer is located in Umutara; 0, otherwise  
Source: own presentation. 
 
Implementation of the ATE method is achieved using a two-step procedure. In the first 

step, we use a Probit model of exposure, where covariates and various functions of these 

covariates are introduced. In the second stage, the Probit parameters are used to predict the 

probability of adoption for a/the sample of adopters and non-adopters which are then used 

to match adopters with observationally similar non-adopters.  

All variables were cross-checked for the problem of multi-colinearity, through the simple 

correlation matrix and variance inflation factor (VIF). Likewise, for endogeneity, none of 
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the independent variables was assumed to be explained within the equation in which it 

appeared. Crop income was deliberately left out to avoid problems of endogeneity. 

 

4.3 Results and discussion 

4.3.1 Descriptive statistics 

The observed adoption rates in the surveyed mandate areas are shown in Error! Reference 

source not found.. Overall adoption is already relatively high with 32% over the total 

sample. Significant differences are observed between the mandate areas; in South Kivu and 

Kigali-Kibuye, adoption is higher than elsewhere, while in Gitega, Bas Congo and Rusizi, 

fewer adopters were found (see also Appendix 4-3, Table A 2). Between the intervention 

sites, little or no differences were found. Action sites and satellite sites in Burundi and 

Rwanda have similar numbers or adopters, but in the three Congolese mandate areas, 

satellite sites display higher adoption. Surprisingly, adopters were also found in all control 

sites. As shown in chapter 3, farmer-to farmer exchange of information and improved 

germplasm is a key means of technology diffusion. This could be the reason for finding 

adopters even in villages where neither CIALCA nor its development partners were 

supposed to carry out dissemination interventions. The ATE model, used for further data 

analysis is particularly useful in this situation, since it analyzes adoption independently 

from the site-category where a household is located, but is based on exposure to the 

technology, taking into account that technology exposure is not necessarily distributed 

homogeneously throughout the sites. Non-exposed farmers can be found within 

intervention sites as well as exposed and adopting farmers in the control sites.  

Table 4-2 presents descriptive statistics for the variables used in the subsequent analysis, 

comparing farmers according to their adoption status. A summary of farmer characteristics 

by mandate area and intervention site category is provided in Appendix 4-3, Table A1-A5. 

Adopters on average are more educated, particularly at secondary school level, though they 

do not seem to be significantly different to their counterparts beyond secondary education. 

Similarly they have the highest formal schooling completed by any other adult household 

member.  

The adopter category also has a significantly higher active family labor force than the non- 

adopters. This may imply timeliness in activities such as planting, weeding and harvesting, 

which are normally done at times of peak demands for labor, meaning that households with 
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limited labor supply may be constrained in adopting the CIALCA technologies. 

Additionally, this may also mean that the higher the number of persons per household, the 

higher the number of mouths to feed and the needs to be meet with the little income 

available.  

Use of technologies is also higher among those who had contacts with the extension 

agents, suggesting that information received through extension agents can reduce the 

information asymmetry often associated with new technologies (Langyintuo and 

Mungoma, 2008). Similarly, adopters participated more in CIALCA activities, have more 

assets, operate more plots and keep records as compared to non-adopters. In general, 

record keeping of production activities enables a farmer to increase profits through better 

farm planning. With records, a farmer can also see how well she/he is managing 

production operations and can identify the strengths and weaknesses in those activities. 

Surprisingly, adopters have less experience in farming on average than farmers in the 

control group. No statistical differences were found between the adopters and non-adopters 

on age, dependency ratio, credit availability, distance to the market, off-farm activities and 

farm size. This may suggest that these variables might be uncorrelated with a decision to 

adopt. 

About 24% of respondents in the full sample carried out off-farm income generating 

activities. This seems to be less than Haggblade et al. (2002) found in their study, that most 

rural communities in Africa derive about 42% of their income from rural non-farm 

activities – a high share considering that only about 10% of the rural labor force is 

employed in the rural non-farm sector. 

The results also highlight the importance of geographical location. In particular, Kigali-

Kibungo and South-Kivu had a higher proportion of adopters than non-adopters compared 

to the rest. 
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 Figure 4-1: Technology adoption by site location (%) 
Source: own presentation 

 
Table 4-2: Descriptive statistics: mean of variables by status of adoption 
!
 Full sample  

n = 913 
Non-adopters  
n = 623  

Adopters  
n = 290 

Difference 

 Mean S.E Mean S.E Mean S.E  
AGE 47.41 0.43 47.65 0.53 46.92 0.75 0.77 
GENDER 0.82 0.01 0.80 0.02 0.85 0.02 1.82* 
EDUCATION0  0.24 0.01 0.28 0.02 0.16 0.02 -3.99*** 
EDUCATION1  0.47 0.02 0.45 0.02 0.50 0.03 0.88 
EDUCATION2  0.22 0.01 0.18 0.02 0.29 0.03 3.37*** 
EDUCATION3  0.00 0.00 0.00 0.00 0.01 0.00 0.76 
EXPERIENCE 23.92 0.47 24.75 0.57 22.12 0.83 -4.61*** 
EDUCTNME 3.04 0.05 2.92 0.06 3.29 0.08 2.45** 
FAMLYSIZE 5.84 0.08 5.69 0.10 6.16 0.14 2.69*** 
DRATIO 0.42 0.00 0.42 0.00 0.42 0.01 0.12 
OCCUPATION 0.89 0.01 0.98 0.01 0.88 0.02 0.66 
MEDIA 0.62 0.02 0.59 0.02 0.68 0.03 2.48*** 
EXTENSION 2.44 0.02 2.13 0.14 3.10 0.32 2.59** 
CIALCA 0.32 0.02 0.24 0.02 0.45 0.03 5.82*** 
ASSETS (000) 458.86 45.68 442.77 61.80 564.10 73.90 1.17 
FARMERMEB 0.34 0.02 0.26 0.02 0.51 0.03 7.99*** 
CREDIT 0.39 0.03 0.39 0.03 0.39 0.04 0.03 
DISTMKT 4.26 0.28 4.44 0.37 3.88 0.35 0.28 
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 Full sample  
n = 913 

Non-adopters  
n = 623  

Adopters  
n = 290 

Difference 

 Mean S.E Mean S.E Mean S.E  
OFFFARM 0.24 0.01 0.23 0.02 0.24 0.03 0.12 
FARMSIZE 1.46 0.16 1.24 0.08 1.49 0.16 1.32* 
PLOT 2.55 0.04 2.46 0.05 2.71 0.08 2.82*** 
FOODAID 0.05 0.01 0.05 0.01 0.05 0.01 0.29 
RECORD 0.06 0.01 0.05 0.01 0.08 0.02 2.03** 
Gitega 0.14 0.01 0.16 0.01 0.11 0.02 -2.00** 
Rusizi 0.15 0.01 0.17 0.02 0.09 0.02 -3.55*** 
Bas Congo 0.15 0.01 0.16 0.01 0.11 0.02 -2.12** 
North Kivu 0.14 0.01 0.14 0.01 0.13 0.02 -0.27 
South Kivu 0.13 0.01 0.09 0.01 0.20 0.02 4.34*** 
Kigali- Kibungo 0.16 0.01 0.12 0.01 0.23 0.02 4.26*** 
Umutara 0.14 0.01 0.14 0.01 0.13 0.02 -0.48 
SE- robust standard errors, statistically significant at the 0.01 (***), 0.05 (**), 0.1 (*) level 
of probability 
Source: own presentation. 

4.3.2 Current status of adoption 

Overall adoption of the different technologies was found to be variable. The least 

implemented technologies at household level include those promoted only in one or a few 

mandate areas, e.g. those specific to Bas Congo: improved cowpea pea varieties, mucuna 

fallows, applying Chromolaena or Tithonia. Business plans were not tested for all mandate 

areas; hence overall adoption is less than for those technologies that were of interest to the 

whole project area, such as improved bush bean, maize or cassava varieties (Error! 

Reference source not found.).  

 

Table 4-3: Technology adoption (%) by survey respondents 
!

Technology  % farmer 
Improved bush bean varieties 27 
Improved climbing bean varieties 19 
Improved soybean varieties 18 
Improved groundnut varieties 7 
Improved pigeon pea varieties 5 
Improved cowpea  varieties 1 
Improved cooking banana varieties 9 
Improved beer banana varieties 6 
Improved dessert banana varieties 9 
Improved plantain banana varieties 7 

Improved 
germplasm 

Improved maize varieties 26 
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Technology  % farmer 
 Improved cassava varieties 30 

Improved maize-legume intercropping planted in lines using 
2:2 meters 

14 

Use of fresh and decomposed manure 21 
Rotation of maize with new high-biomass climbing bean or 
soybean varieties 

14 

Combined manure/compost and fertilizer application in the 
planting hole 

15 

Cassava planted at about 2 m x 0.5 m intercropped with 
legumes 

11 

Planting of beans in mulched bananas using sticks, not hoes/ 
No tillage 

5 

Intercropping coffee with banana 2 
Mucuna fallows 3 

Improved 
crop 
management 
systems 

Applying Chromolaena or Tithonia 3 
De-budding, uprooting and destroying of sick banana plants, 
use of clean suckers (Xanthomonas wilt) 

19 IPM 
practices 

Uprooting and destroying infected plants (BBTV control) 17 
Soybean processing - milk, cake, tofu 11 
Following a written plan on production and marketing 
(business plan) 

4 
Post harvest 
technologies 

Collective marketing/ bulking of produce 7 
Source: own presentation. 

 

The comparison between mandate area shows that improved germplasm is the most 

adopted group of technologies for all mandate areas, except for North Kivu, where 

adoption of IPM options for bananas is highest, due to acute disease spread (Figure 4-2). 

Second most important are the crop management techniques. The adoption rate for 

postharvest practices is lowest in most mandate areas, Bas Congo South Kivu and Kigali 

Kibungo presenting exceptions where more than 10% of households reported the use of 

CIALCA products on postharvest issues. 

The cumulative adoption curve over time shows that larger numbers of farmers started to 

adopt from the end of the first project phase in 2008 onwards (Figure 4-3). The figure 

indicates for all farmers who were using CIALCA technologies during the 2011 A season, 

in which year they used them for the first time. It is reasonable to assume that during the 

first year of using the technology, farmers piloted the new varieties or other technologies, 

hence real adoption i.e. the sustainable incorporation of the technology in the farmers 

production system therefore would start at least one year later. 
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!

!
!
Figure 4-2: Adoption of CIALCA technology categories by mandate area (% of 
adopters) 
Source: own presentation. 

!

!
Figure 4-3: Cumulative adoption curve over time by site location 
Source: own presentation. 
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4.3.3 Sources of technologies  

According to the findings presented in chapter 3, farmers use a broad range of information 

sources on new agricultural practices. Further analysis shows that adopters of CIALCA 

technologies have also used different types of technology providers (Error! Reference 

source not found.). CIALCA itself ranks first, particularly for the IPM technology 

package, and is also a prominent source for the other types of technology. However, farmer 

to farmer exchange plays a very important role especially for crop management practices, 

but is also very important in post-harvest and marketing techniques, as well as for IPM. 

Processing and marketing are mainly group activities, favoring dissemination within the 

group. IPM technologies to control banana diseases such as BXW and BBTV provide 

significant benefits to the whole community through reducing disease pressure and further 

spread, hence might be well promoted among farmers within the community. 

There were many stories among respondents on the benefits of the project: 

 

I hosted CIALCA demonstration plot so after the harvest I got some bean seeds to plant. I 

also learned some planting techniques e.g. use of manure and planting in line (man in S. 

Kivu) 

I got the new improved beans from my daughter who belongs to a group that hosted the 

demonstration plot. I decided to try them and I am very happy with the new varieties and 

since then I have been replanting the ones I have (woman in Gitega). 
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Figure 4-4: Contribution of different sources of technologies for 2011 cropping 
seasons for adopters (%) 
Source: own presentation 

!
4.3.4 Adoption constraints for exposed non-adopters 

The exposure rates to CIALCA technologies in the mandate areas are quite high. A large 

majority of the farmers interviewed (74%) were aware of at least half of the CIALCA 

technologies and only 4% had never heard of any CIALCA technology. 

However awareness did not necessarily translate into adoption of the technologies. Figure 

4*5 shows the reasons for non-adoption by those who were aware of the technologies. Poor 

access to technologies was one of the major reasons for non-adoption. This answer option 
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includes the unavailability of planting material or seeds of improved varieties or other 

inputs. This may be related to still the minor role of the private sector input vendors and 

seed producers as source of technology and the predominant role of direct interventions by 

CIALCA (see figure 4*3). The integrated pest management technology package was not 

adopted by farmers in areas where banana pests and diseases were not perceived as a major 

challenge. 

 

 
Figure 4-5: Constraints to adoption as indicated by farmers 
Source: own presentation. 
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4.3.5 Determinants of adoption of improved technologies 

The analysis followed two stages which were estimated simultaneously. In the first stage, 

Probit models are used to analyze the determinants of CIALCA technology awareness. In 

the second stage, Probit models that control for awareness exposure using the ATE 

framework are used to estimate unbiased adoption parameters. Error! Reference source 

not found. presents the results from this analysis. The log likelihood function of -192.8 

and the highly significant likelihood ratio statistic show good model fitness. The marginal 

effects indicate how much the probability of awareness to CIALCA technologies changes 

when the explanatory variable changes by one unit. 

The analysis confirms the results from the descriptive statistics. The positive and 

significant coefficient for group membership points at the important role played by social 

networks in disseminating technology information. The importance of social networks 

such as interactions with neighbors, farmer groups, churches and input suppliers in 

agricultural technology dissemination has been widely documented (Bandiera and Rasul, 

2006; Matuschke and Qaim, 2009). Similarly, the positive coefficient for radio shows the 

importance of this communication channel in CIALCA technology awareness-raising. The 

probability of awareness of CIALCA technologies of 8.3% points is higher for farmers 

with radio compared to those without, all other characteristics being the same. This is 

expected since information on some of the CIALCA technologies was largely transmitted 

through the mass media by CIALCA or its partners. Radio is extensively used in the study 

sites and the primary features listened to are news and entertainment. However, there are 

also agricultural programs on radio, which increase awareness of CIALCA technologies. 

The location specific dummy variables revealed difference in CIALCA technology 

exposure over space4. For instance, the probability of awareness of CIALCA technologies 

is 40 percentage points lower for farmers in Bas-Congo and 13-33% points lower in 

Gitega, Rusizi and Umutara compared to farmers located in the Kivus,. The marginal effect 

for Kigali-Kibungo is not statistically significant. 
 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!

4 To avoid the dummy variable trap, the mandate areas of North and South Kivu have been left out of the 
model as a comparison base. 
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Table 4-4: Determinants of awareness exposure to CIALCA technologies 
Variables  Marginal effects5 z-value 
GENDER 0.031 0.84 
AGE  -0.000 -0.20 
FARMERMEB 0.074 2.52** 
EXTENSION 0.047 1.34 
MEDIA  0.083 2.39** 
CIALCA  0.132 5.09*** 
ASSETS 0.004 0.86 
Gitega  -0.331 -3.20*** 
Rusizi -0.191 -1.82* 
Bas-Congo -0.400 -2.03** 
Kigali-Kibungo -0.132 -1.45 
Umutara  -0.133 -1.45* 
Summary Statistics   
Pseudo R-squared 0.161  
LR Chi-square 73.98***  
Number of observations 519  
Log likelihood function -192.786  

Statistical significant at the 0.01 (***), 0.05 (**), 0.1 (*) level of probability 
Source: own calculation. 

 

Error! Reference source not found.5 presents results of CIALCA technology adoption 

models with two alternative specifications; the ATE corrected model for exposure and the 

classical adoption Probit that does not account for exposure bias. Similarities in terms of 

the coefficient signs, significant levels of the coefficients and marginal effects are observed 

for the two models. Access to agricultural extension and membership of farmer groups 

influenced the likelihood of adoption of CIALCA technologies positively. This implies that 

the two pathways were the main avenues for access to CIALCA technologies. Members of 

farmer groups can share experiences and exchange information about new technologies 

when they meet. Similarly, extensionists provide farmers with information on the 

availability and properties of new technology and the technical skills for using it. Empirical 

results elsewhere have revealed that extension contact has a significant influence on farm 

households’ adoption of new technology (Nkonya et al., 1997; Zegeye et al., 2001). 

Although some of the coefficient signs and levels of significance are similar in the two 

models, the magnitudes of the coefficients and marginal effects are different. The 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!

5!Marginal effects evaluated at sample means!
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coefficient on off-farm income is negative and significant in the ATE corrected model 

though insignificant in the classical model. If off-farm income would be positively related 

to exposure to the technology, but in fact has a negative effect on adoption i.e. the farmer 

who knows the technology decides not to use it, then these opposite effects would “net 

out” in the classical model and hence result in insignificant coefficient. In the second stage 

ATE corrected model however, only the effect of off-farm income on adoption is 

estimated, which is negative, probably due to labor constraints for those who diversify 

their income generation off-farm. Indeed, the marginal effect shows that the probability of 

adopting CIALCA technologies was 14% points lower among farmers with access to off-

farm income compared to those without. While off-farm income may provide the financial 

liquidity needed for technology adoption, it also might put additional demand on family 

labor and hence compete with investment in new technologies on the farm. 

Farm size and ownership of productive assets did not influence adoption significantly, 

implying scale-neutrality of the technologies. This has also been found in many other 

studies related to the adoption of agricultural technologies such as Edmeades and Smale 

(2006). Besides, most of the farmers in the region were small scale farmers with small land 

holdings. 
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Table 4-5: Determinants of CIALCA technologies adoption 

SE- robust standard errors, statistically significant at the 0.01 (***), 0.05 (**), 0.1 (*) level 
of probability 

Source: own calculation. 
 
Some of the location specific variables had significant coefficients. Gitega, Umutara and 

Rusizi mandate areas had negative and statistically significant coefficients in the model, 

implying that the likelihood of adoption was lower in these areas compared to the Kivu 

area, which confirms the result from Table 4*2. The marginal effects were however only 

significant for Rusizi mandate area. The coefficient for Kigali-Kibungo was not 

Variables ATE corrected model for 
exposure 

Classical adoption model 

 Estimated 
coefficients 

S.E. Marginal 
effects 

Estimated 
coefficients 

S.E. Marginal 
effects 

GENDER 0.041 0.199 0.025 0.144 0.183 0.053 
AGE 0.001 0.035 0.004 0.010 0.033 0.004 
AGESQ -0.000 0.252 0.000 -0.000 0.237 -0.000 
EDUCATION0 -0.204 0.176 -0.079 -0.353 0.164 -0.126 
EDUCATION1 0.124 0.242 0.049 0.099 0.235 0.037 
EDUCATION2 0.537 0.164 0.212 0.562 0.152 0.218 
OCCUPATION  -0.339 0.531 -0.135 -0.371 0.499 -0.144 
FAMLYSIZE 0.027 0.289 0.011 0.029 0.277 0.011 
DRATIO -0.001 0.144 -0.000 -0.002 0.137 -0.000 
FARMERMEB 0.376*** 0.335 0.149*** 0.523*** 0.321 0.196*** 
EXTENSION 0.359** 0.308 0.081 0.378** 0.365 0.135*** 
RADIO 0.081 0.275 0.032 0.127 0.260 0.047 
ASSETS 0.032 0.250 0.013 0.037 0.233 0.014 
FARMSIZE 0.001 0.057 0.000 0.000 0.053 0000 
PLOT 0.001 0.026 0.000 0.015 0.025 0.005 
OFF FARM -0.361* 0.168 -0.142** -0.254 0.235 -0.093* 
Gitega -0.563* 0.033 -0.027 -0.792** 0.031 -0.036 
Rusizi 0.593* 0.292 -0.225** -0.720** 0.271 -0.234*** 
Bas-Congo -0.458 0.000 -0.145 -0.477 0.000 0.094 
Kigali-Kibungo 0.0430 0.003 0.265 0.084 0.003 0.238 
Umutara -0.396 0.364 0.066 -0.499* 0.343 0.077 
Constant -1.576 0.965 - -1.740** 0.921 - 
Summary Statistics       
Pseudo R-
squared 

0.135   0.167   

LR Chi-square 73.808***   104.465***   
N 398   472   
Log likelihood 
function 

-237.15   -261.52   
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statistically significant compared to that for Kivu. These results are in line with the 

summary statistics and tests presented in Error! Reference source not found..  

 

Error! Reference source not found. presents the predicted adoption rates with and 

without ATE correction for exposure bias. The observed exposure was 77% and the 

observed adoption rate for the entire sample was 37%. In the subsample of exposed, 48% 

of the farmers were adopters. The model results of table 4*4 and 4*5 are used to predict 

exposure and adoption in the sample and the population.  

When using the adoption model coefficients for the non-exposed subsample, the predicted 

adoption rate is 34%. The predicted adoption rate among the presently exposed 

subpopulation (ATE1) was estimated at 49%. 

The predicted adoption rate for the full population (ATE) corrected for awareness exposure 

is 46%.  

That the predicted adoption rate in the presently exposed subpopulation is higher (by 3.3%) 

than that of the full population (ATE), indicates a positive population selection bias (PSB) 

in the magnitude of 3.3%. This is not surprising as most innovative farmers self-select into 

exposure. 

Table 4-6: Predicted adoption rates for CIALCA technologies by exposure status of 
farmer population  
!
Variables  Estimate S.E. z-value 
ATE-corrected population estimates    
Predicted adoption rate in the full population (ATE) 0.456 0.022 20.94*** 
Predicted adoption rate in exposed sub-population 
(ATE1) 

0.489 0.021 22.23*** 

Predicted adoption rate in unexposed sub-population 
(ATE0) 

0.336 0.028 12.20*** 

Joint exposure and adoption rate (JEA) 0.378 0.017 22.23*** 
Population adoption gap (GAP) -0.078 0.006 -12.48*** 
Population selection bias (PSB) 0.033 0.004 7.17*** 
Observed sample estimates    
Exposure rate (Ne/N) 0.773 0.018 41.96*** 
Adoption rate (Na/N) 0.374 0.021 17.58*** 
Adoption rate among exposed sub-sample (Na/Ne) 0.483 0.027 17.58*** 

SE- robust standard errors, Statistical significant at the 0.01 (***), 0.05 (**), 0.1 (*) level 
of probability 

Source: own presentation. 
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4.4 Conclusions 

The main objective of this chapter was present an analysis of adoption. The methodology 

used here is straightforward in its application and yields plausible results to support 

decision makers in the design of policies that can increase adoption. The ATE framework 

has been applied in order to control for selection bias that may arise from lack of 

awareness or partial exposure of the technologies. At the population level, the results show 

that adoption rates could be as high as 46% with exposure i.e. full dissemination in the 

mandate areas. Generally, exposure rates to CIALCA technologies are already high, with 

about 77% of the sampled households being exposed. This indicates that the project target 

in terms of awareness of CIALCA technologies has been reached. Yet, adoption rates are 

still limited by the major constraint to adoption, the unavailability of the technologies or of 

key inputs to farmers. The marginal effects from the model estimations show the important 

role of farmer groups in exposure to and adoption of technologies. Based on the CIALCA 

impact pathway, farmer groups were the entry point for technology testing and 

dissemination and hence they are the main routes to accessing improved technology. 

However, that the technologies were unavailable to a majority of farmers calls for a 

different approach of technology dissemination. There is still a lack of participation of the 

private sector in technology supply to farmers.  

The results also point to specific mandate areas with low probability of adoption. Focusing 

efforts on these geographical areas may increase adoption. 

 



CHAPTER!5.!IMPACT!OF!CIALCA!TECHNOLOGIES! 54!

54 
!

5 IMPACT OF CIALCA IMPROVED TECHNOLOGIES ON 
AGRICULTURAL PRODUCTIVITY, PROTEIN INTAKE AND 
POVERTY ALLEVIATION 

 

5.1 Introduction 

Reducing food insecurity continues to be a major public policy challenge in developing 

countries. Almost 1 billion people worldwide are undernourished, many more suffer from 

micronutrient deficiencies, and the absolute numbers are increasing, especially in Sub-

Saharan Africa (FAO, 2008). Agricultural productivity in Sub-Saharan Africa is among the 

lowest in the world (Savadogo et al., 1998; Fulginiti et al., 2004). The low productivity can 

be linked to limited use of improved agricultural technologies (Mather et al., 2008) among 

other factors. The Department for International Development, UK (2003) estimated that a 

1% increase in agricultural productivity reduces the percentage of poor people living on less 

than 1 dollar a day by between 0.6 and 2% and that no economic activity generates the same 

benefit for the poor. Agricultural technologies are known to reduce poverty through direct 

and indirect effects (David and Otsuka, 1994; de Janvry and Sadoulet, 2001; Minten and 

Barrett, 2007; Becerril and Abdulai, 2010).  

The direct effects of technology on poverty reduction include productivity gains and per unit 

cost reductions, which can then be translated into increased incomes for producers that adopt 

the technology. Indirect productivity-improving technologies also reduce poverty by 

reducing food prices, facilitating the growth of non-farm sectors, and by stimulating the 

transition from low productivity subsistence agriculture to a high productivity agro-

industrial economy. However, productivity-enhancing agricultural technology involves a 

bundle of innovations rather than just a single technology. Thus, if farmers adopt only one 

technique such as improved legume germplasm rather than a package that includes applying 

fertilizer, improved planting practices and weeding, among others, then the productivity of 

the improved variety may not be fully realized. Some studies have estimated that the use of 

improved seeds can increase total factor productivity by 10%, and increase farmers’ 

incomes by almost 8% (de Janvry and Sadoulet, 2001). Most of these studies on impact 

assessments focus on Asia and Latin America (David and Otsuka 1994; Rahman 1999; de 

Janvry and Sadoulet 2001; Evenson and Gollin 2003; Hossain et al, 2006; Janaiah et al., 
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2006; Becerril and Abdulai 2010). However, in Africa impact assessments of adoption of 

agricultural technologies are relatively few (e.g. Kassie et al., 2011). 

The present study is hence a first attempt to quantify the benefits of adoption of improved 

technologies on agricultural productivity, farm income and household protein intake in 

Central Africa. 

The organization of the chapter is as follows. Section 5.2 presents the conceptual 

framework. The analytical models are presented in section 5.3. Section 5.4 presents the 

results and in section 5.5 some conclusions are drawn and the policy implications are 

highlighted. 

 

5.2 Conceptual framework 

The basic question in impact assessment is whether observed differences in productivity, 

income or protein intake between adopters and non-adopters can be attributed to adoption of 

the technologies, or if these other factors that are related to the decision to adopt, lead to 

better outcomes anyway.  

This study addresses this issue using propensity score methods (PSM). The basic idea of the 

PSM is to match observations of adopters and non-adopters according to the predicted 

propensity of adopting the technology (Rosebaum and Rubin 1983; Heckman et al., 1997; 

Smith and Todd, 2005; Wooldridge, 2005). The main feature of the matching procedure is to 

create conditions of randomized experiment in order to evaluate a causal effect as in a 

controlled experiment. The idea is to compare individuals who, based on observables, have a 

very similar probability of receiving treatment (similar propensity score), but one of them 

received treatment and the other did not, i.e. PSM constructs comparison groups by 

matching every individual household observation of adopters with an observation household 

with similar characteristics from the group of non-adopters.  

The PSM have several useful features: 

1) no baseline data are required (Imbens and Woolridge, 2009); 

2) it ensures that the comparison of the outcome variable is undertaken between households 

with similar (i.e. overlapping) characteristics (Dehejia and Wahba, 2002);  

3) when comparing sub-populations of households with similar characteristics, covariates 

are independent of the use of improved technologies, and thus a causal interpretation of 

the results is reasonable (Imbens and Woolridge, 2009);  
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4) PSM does not require linearity, or parametric or distributional assumptions;  

5) unlike the Heckman and instrumental variable (IV) methods, matching models assume 

that conditioning on observable variables eliminates sample selection bias (Heckman and 

Navarro-Lozano, 2004). 

The main limitation of PSM is that it does not take account directly of the unobservable 

characteristics that may affect both the outcome variables and choice of technology, as it 

assumes selection is based on observable variables.  

 

5.3 Analytical model 

Let  denotes a dummy variable such that the ith household adopts improved CIALCA 

technology and  otherwise. Similarly let  denote potential observed outcomes 

(farm productivity, farm income, protein intake, and poverty indices) for adopter and non-

adopter units respectively. Therefore, is the impact of the technology on the ith 

household, called treatment effect. Because we only observe rather than 

for the same household, it is apparent we cannot compute the treatment effect for 

every individual. The primary treatment effect of interest is hence given by: 

 

 (5.1) 

 

This is referred to as the average effect of the treatment on the treated (ATT). Following 

Rosenbaum and Rubin (1983), the propensity score (PS) can be estimated as: 

 

 (5.2) 

 

where X is a vector of pre-treatment covariates, which includes variables that affect both 

adoption and outcomes variables.  

The ATT can then be estimated as: 
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 (5.3) 

 

There are several matching methods that have been developed to match adopters with non-

adopters with similar propensity scores. These include: nearest neighbor matching (NNM), 

caliper and radius matching, kernel-based matching (KBM), local linear matching, spline 

matching and mahalanobis matching estimators. The basic idea is to numerically search for 

“neighbors” of non-adopters that have a propensity score that is very close to the propensity 

score of the adopters. The most commonly applied matching estimators are NNM, caliper 

and kernel matching.  

Nearest neighbor matching matches adopters with non-adopter with the nearest propensity 

scores however, NNM faces the risk of bad matches, particularly if the closest neighbor is 

far away. To overcome this problem one can use the second alternative matching algorithm 

called caliper and radius matching. Caliper and radius matching uses a tolerance level on the 

maximum propensity score distance (caliper) to avoid the risk of bad matches. Kernel based 

matching follows the same steps as the NNM but the ‘‘matched household’’ is identified as 

the weighted average of all households in the opposite technological status within a certain 

propensity score distance, with weights inversely proportional to the distance (it typically 

uses a radius of 0.25). NNM is within each caliper, but all the individuals in control group 

are within the caliper. 

In general, all matching methods should yield the same results. However, in practice, there 

are trade-offs in terms of bias and efficiency with each method (Caliendo and Kopeinig, 

2008). 

In this study we use the nearest-neighbour matching method. To check the robustness of the 

result, the estimates calculated using the nearest neighbour matching method are compared 

with the estimates of the other estimators. 

The outcome variables of interest in this study are crop productivity, crop income, protein 

intake and poverty indices (head count and poverty gap). 
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In this study crop productivity (CRPPRODUCTIVITY) is defined as the value of production 

per hectare6 (crop income in USD/ha), since farmers in the region plant several crops in one 

plot, making it hard to allocate area for each crop. It was calculated by multiplying the total 

production of each crop produced on the farm with a standardized price, summing up for all 

crops and dividing by the total cultivated land area. A standardized price was used to allow 

comparison of results. 

Net crop income (CROPINCOME) was calculated as the total crop production valued at 

farm gate price, minus variable costs. 

The impact of technology adoption on protein intake (PROTEIN) was computed as the 

percentage of protein taken in relation to the recommended daily intakes (RDIs) of the total 

household per adult equivalent. To measure the impact of technology adoption on poverty, 

three poverty measures were employed in the analysis. The poverty measures include the 

headcount index (HEADCOUNT) and the poverty gap (POVERTYGAP). The Foster–

Greer–Thorbecke (1984) index (FGT) is used in the analysis. In general the FGT class of 

poverty measure is expressed as: 

 

 (5.4) 

 

Where n is the number of people in the sample population, z is the poverty line, y is per 

capita income for the ith person, and α is the poverty aversion parameter. α ≥ 0 and takes the 

values of 0, 1 and 2 for poverty incidence, depth and severity respectively. When α = 0, Pα 

gives the incidence of poverty (Headcount Index) or the proportion of people that is poor. 

When α= 1, Pα gives depth of poverty (Poverty Gap), a measure of the depth of poverty 

defined by the mean distance to the poverty line, where the mean is formed over the entire 

population with the non-poor counted as having a zero poverty gap. When α = 2, P α is a 

measure of severity of poverty and reflects the degree of inequality among the poor. 

A binary variable denoting whether the household income lies below the poverty line (i.e. 

‘poor’ = 1), is used in the analysis. The international standard of US$ 1.25 per capita per day 

was used as a poverty line bench mark. For this, the per capita household income was 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!

6!Yield!multiplied!by!price!per!specific!crop.!
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calculated as the sum of crop income, and any other income divided by the number of 

household members.   

Smith and Todd (2005) indicated that matching should be based on variables that influence 

both treatment assignment and outcomes and are not affected by the treatment. Hence the 

independent variables used in the model are similar to the ones used in the adoption chapter 

(see appendix 4-2). In general, a larger set of variables is preferred to reduce the effects of 

unobservable variables. 

These variables were used to find a suitable counterfactual group, i.e. given the outcome 

variable for household who uses the improved technology, the model allows a comparison 

with the same outcome variable for household that did not use the technology, but has very 

similar characteristics (independent variable). A Logit model was used; however in principle 

any discrete choice model can be used. A Preference for Logit or Probit models over the 

linear probability model derives from the shortcomings of the latter, that can produce 

predicted probabilities outside the (0;1) bounds. We omit further details here and refer to the 

growing literature on matching methods, e.g. Rosenbaum and Rubin, 1983; Dehejia and 

Wahba, 2002; Smith and Todd, 2005; Caliendo and Kopeinig, 2008). 

Given that the analysis does not condition on all covariates, but on the propensity score, 

plausibility is assessed by re-estimating the propensity score on the matched sample, for 

adopters and matched non-adopters and pseudo-R2 was then compared to that of before and 

after matching. Additionally, a balancing test, using the mean absolute standardized bias 

(MASB) between adopters and non-adopters suggested by Rosenbaum and Rubin (1985) 

was implemented. It is recommend that a standardized difference of greater than 20% should 

be considered too large and an indicator that the matching process has failed. Again the 

distribution of the estimated propensity scores before and after the matching was plotted. 

Because technology adoption may have a differential impact on adopting households, 

heterogeneous impacts of adoption by number of technologies, education and gender was 

also assessed. 

All variables were cross-checked for the problem of multicollinearity, through the simple 

correlation matrix and variance inflation factor (VIF). The highest correlation coefficient 

was 0.32 and VIFs were by far less than 10, indicating that correlation between explaining 

variables could not affect the estimation of coefficients.  
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5.4 Results and discussion 

5.4.1 Descriptive statistics 

he adopters. 

Cassava is the most important crop in Bas Congo and also important in North Kivu and 

Kigali Kibungo. There are no statistical differences in yield levels of adopters and non-

adopters of CIALCA technologies, however, for Bas Congo, no yield data is available. 

 

*1 shows the proportion of households growing cassava, bananas, and legumes as well as the 

associated harvested amounts.. 

Banana production was carried out by an average of about 43% of the households with 

harvested production levels ranging from 0.02–2.52 tons per year. Bananas are an important 

food crop in all mandate areas except Bas Congo. Highest production levels for bananas in 

general are reported from Rusizi and Kigali-Kibungo. In these mandate areas, non-adopters 

report slightly higher yields than adopters, though not statistically significant. In Gitega and 

South Kivu however, adopters report significantly higher banana production than non-

adopters.  

Legumes were found to be grown by the majority of farmers with 80% growing them. Per-

hectare yield levels are largely comparable among all mandate areas. A statistical difference 

between adopters and non-adopters was found in Gitega, North Kivu and Umutara, with a 

higher yield reported by the adopters. 

Cassava is the most important crop in Bas Congo and also important in North Kivu and 

Kigali Kibungo. There are no statistical differences in yield levels of adopters and non-

adopters of CIALCA technologies, however, for Bas Congo, no yield data is available. 

 

Table 5-1: Proportion of households growing different crops, and harvested yield levels 
obtained 
Country Harvested crop yield (t/year) 
Mandate area 

Proportion of 
households growing 
the crop (%) 

Non-adopter 
(n=623) 

Adopter 
(n=290) 
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Burundi          
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Country Harvested crop yield (t/year) 
Mandate area 

Proportion of 
households growing 
the crop (%) 

Non-adopter 
(n=623) 

Adopter 
(n=290) 
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Gitega 3 56 77 0.10 0.82 0.12 2.23 1.50** 0.25* 

Rusizi 0 46 81  2.36 0.15  2.22 0.08 

DR Congo          

Bas Congo 91 1 48 n.a. 0.02 0.40 n.a n.a. 0.21 

North Kivu 27 65 83 0.96 1.83 0.09 0.44 1.11 0.19** 

South Kivu 0 43 87  0.82 0.09  1.46* 0.10 

Rwanda          

Kigali-Kibungo 22 65 93 0.68 2.52 0.23 0.49 1.56 0.28 

Umutara 6 24 88 0.30 1.21 0.29 1.21 1.52 0.58** 

Overall mean 9 43 80 0.84 1.72 0.19 0.75 1.52 0.23 
Statistically significant at the 0.05 (**), 0.1 (*) level of probability 

Source: own calculation. 

 

Error! Reference source not found. compares the outcome variables between adopters and 

non-adopters before matching. Average crop productivity was computed at USD 1,720; 

however, although adopters have a higher productivity in comparison to non-adopters the 

difference is not statistically significant. Again the comparison between adopters and non-

adopters on crop net income also shows that adopters tend to report a higher crop net income 

compared to non-adopters although not statistically different. 

However, with respect to crop income, the situation is not that clear, adopters seem to have 

lower crop incomes as compared to non-adopters. This may partly relate to differences in 

production costs, if the new technologies require the purchase of inputs such as fertilizers, or 

higher labour use, which may be particularly relevant for the initial phase of adoption when 

farmers are still learning and adapting the new practices. Table 5-3 shows that production 

costs are slightly higher for adopters than non-adopters in 4 of 7 mandate areas, a statistical 

significance of differences is however only found for Umutara. The use of purchased inputs 
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is generally low, a slightly higher proportion of adopters applied nitrogen (urea) than non-

adopters (see Appendix 4-3, Table A4), and hence the differences in production costs are 

mainly due to labor use. Another source of variation of crop income could be due to 

differences in output prices, considering the project interventions in post-harvest 

technologies and group marketing. However, although perceived as an important effect by 

farmer group representatives (chapter 3), the individual output prices at farm gate were 

found to be similar for adopters and non-adopters in this survey (see Appendix 4-3, Table 

A2). 

Based on the poverty line, the average poverty headcount was 0.93, implying that 93% of 

the households in the study area live in dire poverty. Adopters are relatively less poor than 

the average with poverty gap lower by 3% points. A closer look at the data showed an 

extremely high poverty rate in Gitega, while the lowest poverty rate was observed in 

Umatara (see Appendix 4-3, Table A4).  

However, these comparisons of mean differences may not be the result of technology 

adoption, but instead may be due to other factors, such as differences in household 

characteristics, which may confound the impact of the technologies on the said outcome 

variables. Additionally, because adoption is endogenous7 no causal interpretation can be 

done and hence further analysis was conducted. 

 
Table 5-2: Crop productivity, protein intake and incidence of poverty before matching 
 Full sample  

n = 913 
Non-adopters  
n = 623  

Adopters  
n = 290 

Difference 

 Mean S.E Mean S.E Mean S.E  
CRPPRODUCTIVITY  1,790.26 125.24 1,667.29 141.83 2,054.45 249.92 387.17 
CRPINCOME 913.41 112.00 1,001.58 146.20 739.02 166.07 -262.55 
PROTEIN 126.43 3.70 122.36 4.03 134.73 7.66 12.37 
HEADCOUNT  0.93 0.01 0.93 0.01 0.93 0.02 0.00 
POVERTYGAP 0.68 0.03 0.70 0.03 0.65 0.05 -0.05 
SE- robust standard errors  
Source: own calculations. 

 

Farmers’ and stakeholders’ opinions about the benefits of the improved varieties are well 

captured by the following statements: 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!

7!A factor in a causal model or causal system whose value is determined by the states of other variables in the system; 
contrasted with an exogenous variable!



CHAPTER!5.!IMPACT!OF!CIALCA!TECHNOLOGIES! 63!

63 
!

Well, improved varieties have a number of benefits. They are drought-tolerant, grow 

faster, produce big tubers for cassava, producer more beans for legumes, legumes taste 

better and they give us more money. In terms of labor demand, I do not see any 

difference. (Male farmer in South Kivu). 

 

For sure CIALCA technologies have resulted to wide large?? of benefit for instance 

these days you see so many vehicles on the road transporting cassava and legumes to the 

market of which they were never there five years ago. (Ministry of Agriculture official in 

Bas Congo) 

 

The malnutrition has really gone down. You find many children of late more healthier as 

compared to before CIALCA come in this location (doctor in Bas Congo) 

 

Table 5-3: Average production costs per hectare (US$/ha), by mandate area and 
adoption status before matching  
Mandate Area Non-adopters   Adopters  
 Mean  S.E Mean S.E 
Gitega  450.09 701.37 370.23 478.92 
Rusizi  470.96 974.72 950.54 2158.23 
South Kivu 320.74 785.27 400.05 822.47 
North Kivu 223.78 691.72 58.54 43.54 
Bas Congo 239.57 224.27 308.00 194.83 
Kigali Kibungo 548.50 1315.49 483.55 1284.74 
Umutara  244.23 458.22 516.44 804.10 
Source: own presentation. 
 
5.4.2 Estimation of propensity scores  

The results of the propensity score for NNM and KBM are reported in Error! Reference 

source not found.4. The results are consistent with our expectations and the models have 

good explanatory powers. Thus, the chosen observables variables adequately explain the 

probability of adoption.  

Many variables are statistically associated with propensity to adopt CIALCA technologies, 

gender, level of education, participation in CIALCA activities, level of contact with NGOs, 

and being a member of a farmer association.  

Taking action site as a reference, farmers located in satellite site and control site have a 

higher and lower probability of adopting CIALCA technologies, respectively. This indicates 
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that outscaling activities by development partners in the satellite sites were successful in 

reaching high numbers of farmers. Similarly, farmers located in Gitega, North Kivu and 

Umatara have a lower probability of adopting CIALCA technologies as compared to Kigali-

Kibungo. These results are in line with the adoption model presented in Chapter 4. 

 

 
Table 5-4: Logit estimates of the propensity to adopt CIALCA technologies 
 NNM Matching  KBM Matching  

 
Estimated 
coefficients 

S.E. Estimated 
coefficients 

S.E. 

AGE 0.01 0.04 0.01 0.04 
AGESQ 0.00 0.00 0.00 0.00 
GENDER 0.50* 0.29 0.51** 0.27 
EDUCATION0 0.04 0.48 0.03 0.46 
EDUCATION1 0.45 0.45 0.72* 0.43 
EDUCATION2 0.90* 0.50 1.29** 0.47 
EDUCATION3 Reference     
EDUCTNME 0.06 0.07   
FAMILYSIZE 0.00 0.06 -0.01 0.04 
MEDIA -0.01 0.24 0.17 0.23 
DISTMKT -0.02 0.01 -0.02 0.01 
CIALCA 0.90*** 0.24   
FARMERMEB 0.77*** 0.22   
EXTENSION 0.01 0.02 0.02 0.02 
NGOS 0.06** 0.03 0.10*** 0.03 
ASSETS 0.01 0.06   
FARMSIZE -0.01 0.02   
PLOT 0.08 0.08   
CONTROL -0.25 0.27 -0.56** 0.25 
SATELLITE  0.60*** 0.24 0.32 0.22 
ACTION Reference     
Gitega -1.38*** 0.34 -1.11*** 0.31 
Rusizi -1.29*** 0.37 -1.35*** 0.33 
Bas Congo -0.53 0.59 -0.56 0.54 
North Kivu -1.01** 0.38 -0.97*** 0.31 
South Kivu -0.54 0.35 -0.04 0.32 
Kigali-Kibungo Reference      
Umutara -0.52* 0.30 -0.71*** 0.29 
Cons -2.14* 1.16 -1.59 1.08 

SE- robust standard errors, Statistical significance at the 0.01 (***), 0.05 (**), 0.1 (*) level 

of probability 

Source: own calculations. 
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As previously mentioned the objective of carrying out the propensity score estimation is to 

balance the distribution of relevant variables between the adopters and non-adopters, rather 

than obtaining precise prediction of selection into treatment (Lee, 2008). The success of 

propensity score estimation is therefore assessed by the resultant balance. In the estimation 

the distribution of the propensity scores and the region of common support are shown in 

Figure 5.1. Most of the treatment households are found in the right side and partly in the 

middle. On the other hand, most of control households are found in the left side of the 

distribution. In generally the graph shows that there is substantial overlap and similarity 

between the adopter and non-adopter.  

Further model diagnostics of the matching procedure is provided in the appendix 5-3. 

 

 
Figure 5-1: Propensity score distribution and common support for NNM propensity 
score estimation8. 
Source: own presentation. 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!

8! “Treated: on support” indicates the observations in the adoption group that have a suitable 
comparison. “Treated: off support” indicates the observations in the adoption group that do not have 
a suitable comparison.!
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5.4.3 Impacts of adoption of CIALCA technologies on farm productivity and income 

The overall results of the matching method are reported in Error! Reference source not 

found.. In general, the different matching algorithms produce different quantitative results, 

but the qualitative findings are similar.  

The results indicate that adoption of CIALCA technologies significantly increases protein 

intake and reduces poverty. The increase in protein intake ranges from 12-14% using the 

four algorithms. The kernel-based matching technique gives the highest protein intake 

differentials of 17%, whereas the nearest neighbor matching with six replacement method 

gives the lowest value. Similarly, adoption reduces the depth of poverty by/to 13-16% points 

using the kernel and nearest neighbor-based matching estimators respectively. In the 

prevalent situation of extreme poverty for most of the surveyed households, this increase in 

per capita income is likely to be perceived as major improvement, although still not enough 

to lift them above the poverty line. Overall, these results confirm the expectation that 

adoption of improved technologies has a positive impact on protein intake and poverty 

alleviation.  

 
Table 5-5: Crop productivity, protein intake and incidence of poverty after matching 
 

Mean of outcome variables Method Outcome 
Non-adopters 
n=528 

Adopter n= 
121 

Difference = average 
treatment effect on 
the treated (ATT) 

NNM1 CRPPRODUCTIVITY 770.94 816.13 45.19 
 CRPINCOME 1,449.37 1,927.99 478.63 
 PROTEIN 121.99 137.11 15.12* 
 HEADCOUNT  0.95 0.93 -0.02 
 POVERTYGAP 0.76 0.65 -0.12** 
NNM2 CRPPRODUCTIVITY 845.62 816.13 -29.49 
 CRPINCOME 1,751.90 1,927.99 176.09 
 PROTEIN 122.03 137.11 15.08* 
 HEADCOUNT  0.95 0.93 -0.02 
 POVERTYGAP 0.76 0.65 -0.12** 
KBM3 CRPPRODUCTIVITY 1,053.83 803.04 -250.79 
 CRPINCOME 1,806.17 2,175.62 369.44 
 PROTEIN 120.69 138.07 17.38** 
 HEADCOUNT  0.96 0.93 -0.03 
 POVERTYGAP 0.74 0.64 -0.10* 
KBM4 CRPPRODUCTIVITY 1,053.83 803.04 -250.79 
 CRPINCOME 1,806.17 2,175.62 369.44 
 PROTEIN 120.69 138.07 17.38** 
 HEADCOUNT  0.96 0.93 -0.03 
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Mean of outcome variables Method Outcome 
Non-adopters 
n=528 

Adopter n= 
121 

Difference = average 
treatment effect on 
the treated (ATT) 

 POVERTYGAP 0.74 0.64 -0.10* 
NNM1= Two nearest neighbor matching with replacement, common support. 
NNM2 = Six nearest neighbor matching with replacement, common support. 
KBM3 = kernel based matching with band width 0.06, common support. 
KBM4 = kernel based matching with band width 0.03, common support. 
SE- robust standard errors, Statistical significance at the 0.01 (***), 0.05 (**), 0.1 (*) level 

of probability 
 

The findings are consistent with recent studies on the impact of modern crop varieties on 

household welfare. Hossain et al. (2006) and Mendola (2007) in Bangladesh, Janaiah et al. 

(2006) in India and Wu et al. (2010) in China showed that the adoption of improved rice 

varieties has a significant negative impact on poverty status. Becerril and Abdulai (2010), 

using propensity score matching methods, found that adoption of improved maize 

significantly increases per capita expenditure and reduces poverty in Mexico. Kijima et al. 

(2008) also showed that NERICA rice adoption reduces poverty, without deterioration in 

income distribution, in Uganda.  

However, no statistically significant effect could be observed on crop productivity and crop 

income. This is surprising on the first view, since in the assumed impact pathway, 

technology adoption should lead to productivity increases, which then should result in 

higher income, implying effects on poverty reduction and finally also on nutrition. How 

could the latter two be reached without significant increases in productivity and income? 

Several possible explanations can be found, and their plausibility checked with the help of 

project staff with extensive experience in the field in all three countries involved in the 

project. 

First, measuring productivity is a non-trivial problem in the context of the project sites: farm 

areas are small and the cropping systems are diverse with multiple crops. There are two 

main growing and harvesting seasons, however, important food crops such as banana and 

cassava are harvested continuously throughout the year, which complicates measuring. Also, 

many different measures are applied for the different crops and had to be converted into 

standard measures. Grains such as beans or maize are sometimes harvested and consumed 

green or fresh, another part is dried and stored. It is possible that such fresh consumption 

before the main harvesting period was not fully accounted for in the recall survey on total 

production. The data on nutrition and protein intake however was based on a 48 hours recall 
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of food consumption in the household – where food items from farm production would 

easily be counted even if not included in the total harvest data. 

A second methodological reason could explain the lack of significant effects on 

productivity: No data on adoption intensity for each of the many technologies could be 

collected in this survey, hence it is difficult to distinguish those farmers, who are still in a 

phase of testing the technologies on a small portion of their land, and those who 

implemented it on their entire plot. Diffusion of the technologies has taken place until very 

recently, so it is reasonable to assume that many farmers are still at the beginning of a 

learning curve and will yield higher benefits in the future. Yet, restricting the group of 

adopters to those who started to use the new technologies in the year before the survey year, 

i.e. are at least in the second year of technology use, shows no major differences in the 

general results (see Table A8 in the annex). Detailed studies on the effect of the technologies 

on productivity considering adoption intensity for specific sites are underway. 

Crop income is calculated applying farm gate prices, that the farmers report to receive for 

the portion of produce sold on the markets, to the total reported production. Hence there are 

two possible effects of the CIALCA technologies that could lead to higher crop income, 

either higher total production, or higher farm gate prices through quality improvements or 

collective marketing. The former could not yet be confirmed, the latter is true only for the 

prices for groundnuts and cow peas, which were higher for the adopters than the non-

adopters. However, this effect is not yet strong enough to translate into an overall income 

effect. What could be the reason for the effect on poverty reduction?  

The calculation of the poverty indexes are based on total income, i.e. include income 

sources other than crop income, therefore are not directly related to the crop income figures. 

Also, in the calculation income changes below the poverty line weigh more than those 

above. If the poorest farmers have achieved productivity and income gains, this could lead 

to the observed improvements in poverty gap even if in the whole population these gains are 

still too small to be significant in an environment of highly variable yields. Observations of 

the field staff of the project from all three countries support this explanation: Farmers with 

smaller land were observed to be the ones who were most likely to test and adopt the new 

technologies. Also, as shown in chapter 4, off-farm income is negatively correlated with 

adoption. This supports the explanation that the poorer are more likely to adopt the CIALCA 

technologies.  
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The use of farm gate prices to value both, own food production consumed by the household 

and the surplus sold on local markets, is the most realistic estimation methods for total value 

of production and hence income. However, these prices do not necessarily reflect probable 

distortions that arise when local markets are small and access limited. This could be a factor 

that nutrition improved, even though no income effects could be observed. 

With respect to nutrition relevant technologies such as soybean processing, the poorer were 

also reported to be more likely to get involved in the activities: For Rwanda, the field staff 

observed that those who do not possess cattle are more likely to adopt soy milk 

technologies. 

Both growing conditions and production systems differ between the mandate areas, which 

might also affect the differential impact of CIALCA technologies. Therefore, we also 

examined the differential impact of adoption per specific mandate area. The analysis is 

based on matched samples obtained from the two nearest neighbor matching estimators. 

These results show that some opposite effects are observed between the mandate areas, 

which are not visible in the overall sample average. No clear conclusion for example can be 

drawn on crop productivity.  

As observed in Error! Reference source not found., the impact of adoption on crop 

productivity is negative in Bas Congo. This is likely to be related to the lack of data on 

yields of cassava, which is the most important staple crop in this mandate area. In Rusizi and 

North Kivu, productivity of adopters seems lower, however not at a statistically significant 

level. In North Kivu, a negative difference for adopters could be explained by the prevalence 

of banana xanthomonas wilt (BXW), and much of the CIALCA interventions in this 

mandate area focused on integrated disease management and BXW control, which includes 

the uprooting of infected banana mats (see also chapter 4 Fig 4.1). This means that adopters 

are those who recently applied these practices because their banana plantations were 

affected by the disease, and have still lower yield levels. Among the non-adopters probably 

a majority of farmers probably is not affected, an explanation, which is also supported by 

the findings in chapter 4 (Figure 4-5). 

The effects on crop incomes differ between the mandate areas: Gitega shows significant 

gains while adopters actually seem to get lower incomes in South Kivu. Also, protein intake 

seems to be affected in this mandate area.  
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The overall effect on poverty reduction (Table 5*5) is linked to the effects observed in 

Umutara, which is the only area, where the reduction in poverty gap is significant. Umutara 

is also the mandate area with relatively lowest poverty headcount. Here, though not 

significant on average, income gains from CIALCA technologies may accrue mainly for to 

the poorest stratus of farmers, leading to the effect on the poverty gap.  

With respect to protein intake, the picture is not clear in this analysis. In two mandate areas, 

Umutara and North Kivu, consumption has increased, while a decrease is observed for 

South Kivu. Overall the effect of adoption however has been positive. A closer analysis of 

the nutrition related data is provided in the next section. 
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Table 5-6: Differential impact adoption by mandate area 
Area  Outcome Non-adopters  Adopter  Mean Difference 

CRPPRODUCTIVITY 2,105.54 2,973.79 868.24 
CRPINCOME 246.17 868.96 622.80* 
PROTEIN 112.99 113.24 0.25 
HEADCOUNT  0.96 1.00 0.04 

Gitega  

POVERTYGAP 0.77 0.81 0.04 
CRPPRODUCTIVITY 3,482.52 3,069.09 -413.43 
CRPINCOME 1,216.08 353.18 -862.90 
PROTEIN 130.74 174.12 43.37 
HEADCOUNT  0.93 0.88 -0.05 

Rusizi  

POVERTYGAP 0.72 0.59 -0.13 
CRPPRODUCTIVITY 1,117.25 183.90 -933.35* 
CRPINCOME -156.25 -109.79 46.46 
PROTEIN 119.52 95.97 -23.54 
HEADCOUNT  1.00 0.90 -0.10 

Bas 
Congo 

POVERTYGAP 0.79 0.72 -0.07 
CRPPRODUCTIVITY 1,578.35 1,556.19 -22.16 
CRPINCOME 911.71 270.41 -641.30* 
PROTEIN 149.81 115.55 -34.26* 
HEADCOUNT  0.98 0.96 -0.02 

South 
Kivu 

POVERTYGAP 0.73 0.73 -0.00 
CRPPRODUCTIVITY 1,813.54 1,082.31 -731.23 
CRPINCOME 1,572.47 1,026.61 -545.87 
PROTEIN 169.23 230.24 61.01* 
HEADCOUNT  0.92 0.94 0.02 

North 
Kivu 

POVERTYGAP 0.61 0.74 0.13 
CRPPRODUCTIVITY 2,462.96 2,489.73 26.77 
CRPINCOME 2,226.74 1,781.91 -444.83 
PROTEIN 86.40 97.88 11.48 
HEADCOUNT  0.97 0.95 -0.02 

Kigali-
Kibungo 

POVERTYGAP 0.78 0.66 -0.12 
CRPPRODUCTIVITY 1,063.10 1,788.62 725.52 
CRPINCOME 676.98 95.93 -581.05 
PROTEIN 122.76 159.29 36.53* 
HEADCOUNT  0.91 0.81 -0.11 

Umutara 

POVERTYGAP 0.73 0.30 -0.43** 
Statistical significance at the 0.01 (***), 0.05 (**), 0.1 (*) level of probability  
Source: own presentation. 
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5.4.4 Impacts of CIALCA interventions on protein intake and food security 

Although nutrition interventions were an integral part of the CIALCA project, and food 

security the ultimate goal of the efforts, nutrition education was not included as an explicit 

CIALCA intervention participation in the household survey, therefore from the data we 

cannot distinguish adopters or non-adopters of specific nutritional habits. Therefore, the 

analysis with respect to impacts on perceived food security and protein intake was based on 

the comparison between action, satellite and control sites. Differences in mean values for 

food sufficiency, and consumption of protein and calories at the action, satellite and control 

sites were tested by analysis of variance and determination of the significance of difference 

obtained by Tukey's HSD multiple rank tests. 

 

5.4.4.1 Food Security 
!
A majority of the households in the survey indicated consuming a sufficient quantity of 

food, although not of the desired type. Overall, the perception of adequate household food 

sufficiency received a higher rating in the action and satellite sites compared to the control 

sites (Figure 5*2). In the control sites, a higher proportion of the households than in the 

intervention sites indicated that there is often quantity lack of food available for the 

household members. The difference was however not statistically significant (p= 0.150).  

These findings support results by other researchers that have reported monotonous, non-

diversified food consumption among households in DR Congo and Burundi (Ekesa et al., 

2011; Mukhebi et al., 2011). 
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!
!
Figure 5-2: Perception of household food sufficiency by site location. 
Source: own presentation 

!
There are differences in reported food sufficiency between the countries (Figure 5*3): 

Burundi has the highest proportion of households indicating sufficient food of the desired 

type; however, the levels of frequent food insufficiency (6%, 10% and 19% in action, 

satellite and control sites respectively) are similar to those in Rwanda (8% in action and 

satellite sites, about 18% in control), and clearly higher than in DR Congo. In all three 

countries, the proportion of households that indicated having sufficient quantity of food to 

eat of the desired type was higher in the intervention sites than in the control sites. Although 

the differences in Burundi and Rwanda were not significant, in DR Congo the proportion of 

households was significantly higher in the satellite (19%) and action sites (14%) than in the 

control sites (8%) at a p-value of 0.05. With respect to the baseline survey (Ouma et al., 

2011), where Burundi had the highest levels with up to 45% (in Kirundo), the level of 

frequent food insufficiency has therefore decreased, while food security with desired type of 

food has remained about the same. Also in DR Congo, food security has improved over the 

baseline survey, when about 25% of households in Bas Congo and South Kivu had reported 

frequent food insufficiency, compared to an average of less than 5% in all the sites in this 
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survey (Figure 5*3). For Rwanda, no clear trend with respect to the baseline survey could be 

observed. 
!

 
Figure 5-3: Perception of household food sufficiency by country and site location 
Source: own presentation. 

!
In the survey, attention was paid to the perception of change in the household’s food 

security over the past three years. Overall, a larger number of households reported worsened 

rather than improved food security (Figure 5*4). However, in general, in the action and 

satellite sites a higher proportion of households indicated that their food security improved 

over this period (34% and 40% respectively), compared to the control sites (25%). These 

positive results for CIALCA’s intervention sites apply to all three countries. Although the 

differences between the action and satellite sites were not statistically significant in any of 

the countries, the proportion of households reporting an improvement in their food security 

was significantly higher in all action sites as compared to the control sites (Table 5*7). The 

percentage of households that reported worsened food security was higher in the control 

sites as compared to the action sites, and this difference was statistically significant giving a 

p value of 0.005.  



CHAPTER!5.!IMPACT!OF!CIALCA!TECHNOLOGIES! 75!

75 
!

 
!

!
!
Figure 5-4: Perception of change in food security over the previous three years by site 
type 
Source: own presentation. 

!
Table 5-7: Analysis of variance between action and control sites regarding the change 
in food sufficiency over the previous three years  
!

Variant 
P 
Value L.S.D CV% 

Improved 0.015 22.83 21.9 
Worsened 0.005 21.1 26.9 
Stayed the same 0.194 29.99 48.5 

l.s.d=least significant difference, CV= Coefficient of variance. 

 

The dominant factor reported by respondents for improved household food security was the 

use of improved agricultural technologies, followed by favorable climatic conditions, while 

for worsened food security; climate was by far the most dominant factor, followed by lack 

of inputs (Figures 5*5, 5*6). In the action and satellite sites, a larger proportion of households 

than in the control sites reported that their improved food security could mainly be assigned 

to the use of improved agricultural production technologies. The fact that households 

attributed improved food security to new agricultural technologies is very important for 
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efforts to promote these technologies. It is plausible that this positive result can be ascribed 

to CIALCA’s interventions.  

There are, however, some differences between countries. In DR Congo more than 60% of 

the households at the action sites cited improved technology as the cause of improved food 

security and improved income came second. In Burundi, the main reason was favorable 

climatic conditions followed by improved technology, while in Rwanda, at both action and 

satellite sites, improved technology was the main contributor followed closely by favorable 

climatic conditions. These findings concur with those of the Rwandan government 

indicating that Rwandan farmers are highly vulnerable to the variable climate, drought being 

a regular hazard (Vinck, 2009).  

 
!

!
Figure 5-5: Reasons given for improved food security by site location  
Source: own presentation.  
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Figure 5-6: Reasons given for worsened food security by site location  
Source: own presentation. 

!
Although small farm size was not cited as a major cause of food insecurity, some reports of 

surveys carried out in Rwanda suggest that the root cause of food insecurity is the very small 

average size of farming plots (Vinck, 2009). The government estimates that 60% of the 

population is dependent on farms of less than 0.7 hectares, the approximate threshold for 

providing sufficient food or income for an average family. Further downward pressure on 

farm sizes is exerted by a high population growth rate of 2.8% per annum. The population 

density of about 370 people per square kilometer is already the highest in Africa and the 

population is projected to increase by a further 30% over the decade to 2020 (Vinck, 2009). 

Drought has been reported as a major cause of food insecurity in Burundi (WFP, 2004) 

while in Eastern DR Congo the persistent civil conflict has been cited as the main 

contributor to food insecurity, mainly because households abandon agricultural and 

marketing activities (Muhkebi, 2011). 

In most African settings, a household considers itself food secure if it has enough of the 

popular staple (Ouma et al., 2011). The popular staples in DR Congo, Rwanda and Burundi 
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include cassava, cooking banana, maize and sweet potato. These are the main providers of 

calories and it is therefore likely that a population that considers itself food insecure is not 

meeting its daily calorie requirements.  

The calorie quantities in all food items consumed in a day by each household was summed 

up and compared to the Recommended Daily Intake (RDI) of the whole family. On average, 

although the proportion of households in the action sites meeting the calorie RDI (≥100%) 

was slightly higher compared to the satellite and control sites, the differences  were not 

significantly different (Figure 5-7). 

Despite this, there are considerable country differences. The results show that all site 

locations in DR Congo recorded higher proportions of households meeting their daily 

calorie requirements compared to those in Burundi and Rwanda (Figure 5-7). This concurs 

with the observation in Figure 5-3 that the proportion of households reporting sufficiency in 

food quantity (although not of the desired type) was higher in all sites of DR Congo 

compared to Burundi and Rwanda. Although the proportion of households meeting their 

calorie RDI in DR Congo and Burundi was higher in the action and satellite sites compared 

to the control sites, the difference was not statistically significant. In Rwanda the action and 

satellite sites had a lower proportion of households meeting their daily calorie RDI 

compared to those in the control sites, but again this difference was not statistically 

significant. 

!
Figure 5-7: Daily calorie requirements met by household by country and site location 
Source: own presentation.  

!
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5.4.4.2 Protein intake 
!
The protein quantities in all food items consumed in a day by each household were summed 

and compared to the RDI of the whole family. On average, over all three countries, the 

proportion of households meeting their RDI (≥100%) was slightly higher in the action sites 

compared to the satellite and control sites (see Appendix 4, Table A 3). Nevertheless, the 

differences observed were not statistically significant. The comparison between countries 

reflects the fact that protein intake and total calorie intake are related, with highest levels 

reported in DR Congo (Figure 5-8). However, protein deficiency is relatively more prevalent 

than calorie deficiency, indicating the need to address not only staple food quantity, but also 

nutritional quality and the availability of diverse food items. 

The results show that although more than half the households (55-61%) in all site locations 

of DR Congo were meeting their daily protein RDI, for those not meeting their RDI, the 

proportion was higher in the control sites as compared to the action and satellite sites. In 

Burundi and Rwanda, majorities of households are not meeting their protein RDI, although, 

in both countries, a larger proportion of households in the action site seem to be meeting its 

protein RDI, compared to the satellite and control sites; however, the difference observed is 

not statistically significant. 

!
Figure 5-8: Percentage of households meeting their total protein RDI by country and 
site location 
Source: own presentation.  
!
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Taking all three countries and all site locations together, the dominant reason for increased 

intake of protein-rich foods is adoption of improved technologies. The data presented in 

Figure 5*9 show that the percentage of households that regard improved technologies as the 

main factor for their increased protein intake is higher in the action and satellite sites than in 

the control sites. It is very plausible that this positive result is caused by CIALCA’s 

interventions and dissemination of new agricultural technologies.  

 

 
Figure 5-9: Reasons for increase in intake of protein rich foods by site location 
Source: own presentation.  

 
 
5.5 Conclusions and policy implications 

The propensity score matching techniques (PSM) used in the analysis allowed us to 

construct an adequate counterfactual for the comparison of farmers according to their 

adoption status of the CIALCA technologies. The causal impact estimation from PSM 

shows, among other things, that adoption of CIALCA technologies has the potential to 

increase protein intake and decrease the poverty gap. The clear perceptions of increased 

productivity and income as stated by farmer group representatives and presented in chapter 

3, could not yet be confirmed with the quantitative analysis in this chapter. However, the 
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results indicate that particularly poorer households have benefitted, while productivity and 

income effects for the whole study population are not significant. Also, large differences 

were observed between the mandate areas. Nevertheless, the development of mechanisms to 

help increase adoption of CIALCA technologies, especially to areas with high poverty rates, 

can be seen as a reasonable policy objective in order to raise incomes in these areas, 

although complementary measures are needed. However, site-specific effects on 

productivity and income need further analysis in order to explain yield patterns and 

marketing results of adopting and non-adopting farmers. As mentioned in the previous 

chapter, technology adoption is constrained by uneven availability of the technologies and 

poor access to information. Policies that address these constraints will increase both the 

spread and intensity of adoption. In-depths studies analyzing adoption intensity and the 

effects on productivity and income effects will provide further evidence on impact potential 

and enabling conditions. 

Finally, more research is needed to measure and quantify indirect effects from the  adoption 

of CIALCA technologies,  for example on wages, employment, local effects on input and 

output prices, changes in soil conditions and cropping systems and environmental 

externalities. 
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6 Synthesis and Outlook 
!
!
6.1 Conclusions 

The overall objective of this study was to investigate the impact of the CIALCA project on 

small-holders’ livelihoods in Burundi, DR Congo and Rwanda and derive 

recommendations for designing and planning dissemination and scaling-up activities. 

From the general objective, three specific objectives were defined and analyzed in separate 

chapters. These included: 

1. To analyze the impact pathways of the CIALCA project and assess uptake of 

CIALCA outputs by research and development partners; 

2. To estimate current adoption of CIALCA products by farmers in the mandate areas 

and analyze the adoption process on farm and community level with respect to 

influence of household characteristics, technology related factors and 

transfer/dissemination approaches;  

3. To assess the impact of adoption of CIALCA products on project target indicators: 

farm level productivity, farm income and protein intake. 

The study principally used data that was collected using FGDs, stakeholder consultation 

workshops and a survey of a random sample of 945 households.  

Chapter three illustrates the impact pathways of CIALCA technologies. The presented data 

show that the CIALCA project has well advanced on its projected impact pathway and 

accomplished the projected outcome of broad uptake of its products by stakeholders who 

are in the position and willing to disseminate them. However, the sustainability of project 

achievements will still depend on the availability of funds for farmer training and 

extension services. Especially in DR Congo, further investment will be necessary for 

effective scaling-up of the technologies throughout the mandate areas.  

Chapter four uses propensity score matching techniques to explore factors that explain the 

decision of small-scale producers to adopt CIALCA technologies, considering differences 

in exposure to the technologies. Results show that the sample adoption rate does not 

consistently estimate the true population adoption rate even if the sample is randomly 

selected. This happens because farmers who are not exposed to the technology could not 

adopt them even though they might have done so provided they were exposed. At the 

population level, the results show that adoption rates could be as high as 46% with 
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exposure. Generally, exposure rates to CIALCA technologies are high, with about 77% of 

the sampled households having been exposed, which exceeds the initially defined targets 

of technology dissemination. Also the adoption rates meet the milestones (compare Table 

1*1), however with higher rates in the satellite sites as compared to the action sites. The 

major constraint to adoption still remains poor access to the technologies. 

Chapter five provides an empirical analysis of the impact of CIALCA technologies on 

household farm income, farm-level productivity, protein intake and poverty. Different 

matching methodologies report the same significant direct impacts of adoption of CIALCA 

technologies on protein intake and poverty. Protein deficiency is relatively more prevalent 

than calorie deficiency, indicating the need to address not only staple food quantity, but 

also nutritional quality and the availability of diverse food items. With about 17% 

difference between adopters and non-adopters, the protein intake changes are close to 

meeting the target, although this is not the case for all mandate areas. No conclusive 

evidence of the impact on crop productivity and crop income was provided by this study, 

which can partly be explained by the lack of data on adoption intensity, which is likely to 

influence strongly the impact of improved germplasm and also of soil fertility 

management. 

 

6.2 Recommendations 

The results and conclusions found in this study allow a number of recommendations to be 

derived. 

1) In order to enhance the sustainability of project achievements, further funding  for 

farmer training and extension services will be required to improve access to the 

technologies, which is still the major constraint to adoption. Especially in DR 

Congo, where public institutions are very weak, further investment will be 

necessary for effective scaling-up of the technologies throughout the mandate 

areas. 

2) Extension services from governments are significant in the adoption models. Also, 

as the impact pathway analysis shows, farmer to farmer communication is a 

common way of technology dissemination. Government extension services as well 

as particular project interventions such as direct CIALCA activities are unlikely to 

reach out to all farmers in the region particularly in remote locations or even areas 
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with civil conflict. Based on the stakeholder interviews, the private sector is still 

not fully involved in the technology dissemination, although a significant share of 

farmers is willing to spend or actually spending even cash to purchase seeds of 

improved varieties. Further interventions by the CIALCA project as well as NGO 

development partners therefore should emphasize private sector involvement in 

combination with strengthening effective farmer to farmer dissemination using 

existing social structures and networks. 

3) As the analysis of impact pathways shows, roles of institutions and partners in 

technology evaluation, adjustment and dissemination vary largely according to the 

country-specific contexts. The CIALCA project has been successful in adjusting to 

the different institutional settings. In future interventions, such flexibility in 

planning and implementation of interventions should be maintained.  

4) Improved germplasm is the technology type with highest demand among farmers. 

This general interest of farmers can be further used as an important entry point for 

technology dissemination and farmer training also on other crop management 

practices. 

5) The results also point to specific locations with low probability of adoption. A 

closer look on the reasons for this lack of adoption will be needed in order to design 

follow-up interventions. The lack of visible productivity gains in these locations 

could affect adoption and needs to be addressed in further technology evaluation 

and dissemination. 

6) Protein deficiency is relatively more prevalent than calorie deficiency, at the same 

time, results show that significant improvements in protein intake have been 

achieved already by the project. The strategy to address not only staple food 

quantity, but also nutritional quality and the availability of diverse food items, has 

therefore shown first successes and should be emphasized in future interventions 

and up-scaling activities. 

7) The positive impacts on poverty reduction and protein intake indicate mechanisms 

to help increase adoption of CIALCA technologies, especially to areas with high 

poverty rates, should be a policy objective in order improve livelihoods in these 

areas. Nevertheless, the potential of the technologies to increase food production 
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significantly in the whole mandate areas needs further analysis explaining yield 

patterns and marketing results of adopting and non-adopting farmers.  

8) In order to assess the impact of CIALCA technologies on productivity and farmer 

income, follow-up studies will be useful after at least two years, when adopters 

have gained more experience with the technologies. It is likely that adoption 

intensity will have increased beyond the initial stage of testing and 

experimentation, providing a solid basis for analyzing the impact on farmer 

productivity. 

9) Such follow-up study also should assess both indirect and spill over impacts such as 

those on wages, employment, local effects on input and output prices, changes in 

soil conditions, cropping systems and environmental externalities.  

10) Further analysis with panel data capturing several years will be useful in order to 

measure the actual change in production and poverty that could be attributed to 

CIALCA technology adoption or to yearly fluctuations in production levels. 
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Appendix 1: An overview of CIALCA timelines 

 
Source: CIALCA Technical Report 16 
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Appendix 2: Questionnaires  
Consortium*for*Improving*Agriculture4based*Livelihoods*in*Central*Africa*(CIALCA)*Impact*assessment*household*survey*

!
INTRODUCTION*
(Spoken(by(the(enumerator)(
My name is     . I am representing CIALCA. The objective of this exercise is to evaluate the impacts of the CIALCA project on 
small-holders’ livelihoods and derive recommendations for planning dissemination and out-scaling activities. We interviewed you last time and this is a 
follow up interview. 
Your!participation!is!voluntary,!but!it!is!very!important!because!you!represent!many!other!people!in!this!country.!There!are!no!wrong!and!right!answers!to!these!
questions.!I!would!like!to!assure!you!that!your!answers!will!be!handled!with!strict!confidentiality.!The!interview!will!take!about!1½@!2!hours.!
!
1. Name!of!interviewer:!___________________________________________________!
2. Date!of!interview:!______________________________________________________!
3. Start!time!of!interview:!__________________________________________________!
4. Date!checked:!__________________________________________________________!
5. Checked!by:!___________________________________________________________!
6. GPS!data!Degrees!latitude/longitude/!altitude!(enumerator/!supervisor)______________________________!

!
Section:!1! Introduction! ! ! ! ! Page!1!
Section!2:! Identification!of!household!and!study!site! Page!2!
Section!3:! Household!characteristics!! ! Page!2!
Section!4:! Technology!adoption! ! ! ! Page!3!
Section!5:! Crop!production! ! ! ! Page!8!
Section!6:! Consumption!data! ! ! ! Page!12!
Section!7:! Infrastructure!and!services! ! ! Page!15!
Section!8:!! Collective!marketing!activities! ! ! Page!15!
Section!9:!! Assets!and!finance! ! ! ! Page!16!
Section!10:!! Access!to!information!and!technology! ! Page!19!
Section!11:!! General! ! ! ! ! ! Page!21!
Section!12:!! Closure! ! ! ! ! ! Page!22!

Notes*for*enumerators:*
@!Please!make!sure!that!the!respondent!is!the!manager!and!decision!maker!of!the!farm!
@‘0’!means!measured!and!value!is!0;!‘@99’!means!missing!information;!‘@88’!means!not!applicable;!‘@77’!means!‘respondent!does!not!know!the!answer’!
!
No. Question Coding/response Response 
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No. Question Coding/response Response 

 
 
Section 2: Identification of household and study site 
I will start by asking you your name and about this area 

  

1.  Name of the respondent _________________________________________  
2.  Territoire (SK) | district (BC) ________________________  
3.  Chefferie/ secteur collectivité (SK) | territoire (BC) | district (RW) | commune (BU) ________________________  
4.  Groupement (SK) | secteur (BC) | secteur (RW) | zone (BU) ________________________  
5.  Localité (SK) | groupement (BC) | cellule (RW) | colline (BU) ________________________  
6.  Village (SK) | village(BC) | village (RW) | sous colline (BU) ________________________  
  

Section 3: Household characteristics 
I will now ask you about the composition of the household and educational attainment of the household members 
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No. Question Coding/response Response 

7.  Name of HH member 
(start with respondent) 

Gender 
Codes A 

Age 
(years) 

Education  
Code B 

Relation to HH 
Codes C 

Main occupation 
Codes D 

Farming experience 
(years)  

1       

2.       

3.       
4.       
5.       

6.       

7.       

8.       

9.       

10.       

11.       

12.       

13.       

14.       

Codes A 
1= Male 
0= Female 
 
 

Codes B 
1= No formal education 
2= Adult alphabetization 
3= Primary school  
4= Secondary school – 4 years  
5= Secondary school – cycle long  
6= Non school child 
7= post secondary school 
8= Other (specify)____ 

Codes C 
1= Household head 
2= Spouse 
3= Son/daughter 
4= Parent 
 

 
5= Son/daughter in-
law 
6= Grand child 
7= Other relative 
8= Hired worker 
9= Other, 
specify______ 

Codes D 
1= Farming (crop + 
livestock) 
2= Salaried employment 
3= Self-employed off-farm 
4= Casual labourer on-farm 

 
5= School/college child 
6= Herds boy/girl 
7= Household chores 
8= Non-school child 
9= Other, specify_____ 
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No. Question Coding/response Response 

8.  Household type  
1= Male headed, one wife; 2= Male headed, more than one wife; 3= 
Female headed, widowed; 4= Single/celibate…………5= Others 
(Specify)______________ 

 

9.  Residence of the head of household  0= Non–resident; 1= Resident.  if 1, go to question No. 17  
10.  If 0, indicate residence 2= Other village; 3= Elsewhere (specify)____________________  

11.  How many household members were present in the house in the last 12 
months ________________________  
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No. Question Coding/response Response 

12.  Are you currently a member of any of the following farmers’ groups or local associations (including traditional institutions) in this village? 
How long have you been a 
member of this group 

Name of group or association 
(Include local institutions) 
 

Are you a 
member 
[1= Yes; 0= No] 

What is your position in 
the group 
[1= Official/Committee 
member; 0= Member 

[Add number of 
years] 

[Add number of 
month] 

Is any other household 
member a member to the 
group? 
[1= Yes; 0= No] 

Farmer group/association (includes 
livestock) 

     

Credit and saving group      
Women group      
Church group      
Self-help group      
Community-based organization      
HIV/AIDS association      
Youth group      
Health group      
CIALCA      
Other:________________      
Other:_________________       
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No. Question Coding/response Response 

  
Section 4: Technology adoption 
Now I am going to ask you some questions related to the farming technologies that you have adopted. 

13.   
If used  Technology  

 
(Use samples of seeds) 

Ever 
heard 
[1=Yes 
; 0= No] 
 

Main source 
of technology 
information 
Codes A 

Ever used 
[1=Yes; 
0=No] 
 

If No, 
Why? 
Codes B 
 

If yes, year 
first used 
 

Will you 
use in 
future 
[1= Yes; 0= 
No] 
 

If No, 
why 
Codes 
B 
 

Used 
last 
season 
[1= Yes 
; 0= No] 

Main 
source of 
technology 
Codes C 

Means of 
acquiring the 
technology 
Codes D 

Improved germplasm           
Improved bush bean varieties           
Improved climbing bean 
varieties   

         

Improved soybean varieties           
Improved groundnut varieties           
Improved pigeon pea varieties           
Codes A 
1= Government extension 
2= Farmer Cooperative /Union 
3= CIALCA 
4= Research centre: on-farm trials, 
demos, field days 
5= Seed/grain stockist 
6= Others farmer/ Neighbour 
7= Radio 
8= Newspaper/ TV 
9= NGOS specify______ 
10= Other, specify…...…… 

Codes B 
1= Cannot access the technology  
2= Lack of cash to buy input 
3= Susceptible to diseases & pests 
4= Poor taste 
5= Theft  
6= Cannot get credit 
7= Low yielding variety 
8= Poor market prices 
9= No market 
10= Requires high skills 
11= Seeds are expensive 
12= Labour intensive 
13= Other, specify………… 

Codes C 
1= Research stations 
2= Extension demo plots 
3= Coops and groups 
4= Bought from local seed producers 
5= Bought from local trader or agro-
dealers 
6= Farmer to farmer exchange  
7= Provided by NGOs 
8= Provided by other govt agency 
9= Own saved seed 
10= CIALCA 
11= Other, specify………… 

Codes D 
1= Gift/free 
2= Borrowed 
3= Bought with cash 
4= Payment in kind 
5= Exchange with other seed 
6= Other, specify___________ 
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 If used  Technology  
(Use pictures/ pictograms) 

Ever 
heard 
[1= 
Yes; 0= 
No] 
 

Main source 
of technology 
information 
Codes A 

Ever used 
[1= Yes; 0= 
No] 
 

If No, 
Why? 
Codes B 
 

If yes, year 
first used 
 

Will you 
use in 
future 
[1= Yes; 0= 
No] 
 

If No, 
why 
Codes 
B 
 

Used 
last 
season 
[1= 
Yes; 0= 
No] 

Main 
source of 
technology 
Codes C 

Means of 
acquiring 
the 
technology 
Codes D 

Improved crop management 
practices   

         

Improved maize-legume 
intercropping planted in lines 
using 2:2  

         

Use of fresh and decomposed 
manure  

         

Rotation of maize with new 
high-biomass climbing bean or 
soybean varieties  

         

Combined manure/compost and 
fertilizer application in the 
planting hole  

         

Cassava planted at about 2 m x 
0.5 m intercropped with 
legumes  

         

Planting of beans in mulched 
bananas using sticks, not hoes/ 
No tillage  

         

Intercropping coffee with 
banana  

         

Others______________           
Codes A 
1= Government extension 
2= Farmer Cooperative /Union 
3= CIALCA 
4= Research centre: on-farm trials, 
demos, field days 
5= Seed/grain stockist 
6= Others farmer/ neighbour 
7= Radio 
8= Newspaper/TV 
9=  Producer marketing 
groups(PMG) 
10= NGOS specify______ 
11= Other, specify_________ 

Codes B 
1= Cannot access the technology  
2= Lack of cash to buy input 
3= Susceptible to diseases & pests 
4= Poor taste 
5= Theft  
6= Cannot get credit 
7= Low yielding variety 
8= Poor market prices 
9= No market 
10= Requires high skills 
11= Seeds are expensive 
12= Labour intensive 
13= Other, specify____________ 

Codes C 
1= Research stations 
2= Extension demo plots 
3= Coops and groups 
4= Bought from local seed producers 
5= Bought from local trader or agro-
dealers 
6= Farmer to farmer exchange  
7= Provided by NGOs 
8= Provided by other govt agency 
9= Own saved seed 
10= CIALCA 
11= Other, specify__________ 

Codes D 
1= Gift/free 
2= Borrowed 
3= Bought with cash 
4=Payment in kind 
5= Exchange with other seed 
6= Other, specify____________ 
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 If used  Technology  
(Use pictures/ pictograms) 

Ever 
heard 
[1= Yes; 
0= No] 
 

Main source 
of technology 
information 
Codes A 

Ever used 
[1= Yes; 0= 
No] 
 

If No, 
Why? 
Codes B 
 

If Yes, 
year first 
used 
 

Will you 
use in 
future 
[1= Yes; 0= 
No] 
 

If No, 
why 
Codes 
B 
 

Used 
last 
season 
[1= 
Yes; 0= 
No] 

Main 
source of 
technology 
Codes C 

Means of 
acquiring 
the 
technology 
Codes D 

IPM           
De-budding, uprooting and 
destroying of sick banana 
plants, use of clean suckers  

         

Uprooting and destroying 
infected plants (BBTV 
control)  

         

Mucuna fallows           
Applying Chromolaena or 
Tithonia  

         

Others_____________           
Multiplication of seeds/ 
Germplasm  

         

Locally produced banana 
plantlets (Banana macro-
propagation)  

         

Communal legume 
multiplication  

         

Others___________           
Codes A 
1= Government extension 
2= Farmer Cooperative /Union 
3= CIALCA 
4= Research centre: on-farm trials, 
demos, field days 
5= Seed/grain stockist 
6= Others farmer/neighbour 
7= Radio 
8= Newspaper/TV 
9=  Producer marketing 
groups(PMG) 
10= NGOS specify________ 
11= Other, specify_________ 

Codes B 
1= Cannot access the technology  
2= Lack of cash to buy input 
3= Susceptible to diseases & pests 
4= Poor taste 
5= Theft  
6= Cannot get credit 
7= Low yielding variety 
8= Poor market prices 
9= No market 
10= Requires high skills 
11= Seeds are expensive 
12= Labour intensive 
13= Other, specify__________ 

Codes C 
1= Research stations 
2= Extension demo plots 
3= Coops and groups 
4= Bought from local seed producers 
5= Bought from local trader or agro-
dealers 
6= Farmer to farmer exchange  
7= Provided by NGOs 
8= Provided by other govt agency 
9= Own saved seed 
10= CIALCA 
11= Other, specify__________ 

Codes D 
1= Gift/free 
2= Borrowed 
3= Bought with cash 
4= Payment in kind 
5= Exchange with other seed 
6= Other, specify_____________ 
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 If used  Technology  
(Use pictures/ pictograms) 

Ever 
heard 
[1= Yes; 
0= No] 
 

Main source 
of technology 
information 
Codes A 

Ever used 
[1= Yes; 0= 
No] 
 

If No, 
Why? 
Codes B 
 

If yes, year 
first used 
 

Will you 
use in 
future 
[1= Yes ; 
0= No] 
 

If No, 
why 
Codes 
B 
 

Used 
last 
season 
[1= 
Yes; 0= 
No] 

Main 
source of 
technology 
Codes C 

Means of 
acquiring 
the 
technolog
y Codes D 

Transformation and 
improved marketing   

         

Soybean transformation-milk, 
cake, Tofu  

         

Following a written plan on 
production  and marketing 
(Business plan)  

         

Collective marketing/ bulking 
of produce  

         

Others ______________           
Codes A 
1= Government extension 
2= Farmer Cooperative /Union 
3= CIALCA 
4= Research centre: on-farm trials, 
demos, field days 
5= Seed/grain stockist 
6= Others farmer/ neighbour 
7= Radio 
8= Newspaper/TV 
9=  Producer marketing 
groups(PMG) 
10= NGOS specify______ 
11= Other, specify…...…… 

Codes B 
1= Cannot access the technology  
2= Lack of cash to buy input 
3= Susceptible to diseases & pests 
4= Poor taste 
5= Theft  
6= Cannot get credit 
7= Low yielding variety 
8= Poor market prices 
9= No market 
10= Requires high skills 
11= Seeds are expensive 
12= Labour intensive 
13= Other, specify____________ 

Codes C 
1= Research stations 
2= Extension demo plots 
3= Coops and groups 
4= Bought from local seed producers 
5= Bought from local trader or agro-
dealers 
6= Farmer to farmer exchange  
7= Provided by NGOs 
8= Provided by other govt agency 
9= Own saved seed 
10= CIALCA 
11= Other, specify__________ 

Codes D 
1= Gift/free 
2= Borrowed 
3= Bought/paid with cash 
4= Payment in kind 
5= Exchange with other seed 
6= Other, specify____________ 
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14.  What are the indicators you use to assess the effectiveness of a farming technology?  1= Crop vigor; 2= Increased yields; 3= Reduction of 
cost of production; 4= Reduced soil erosion; 5= Risk 
mitigating; 6 = Enhancing profits; 7 = Improving food 
quality and nutrition; 8= Other, 
specify______________ 

 

15.  Has the technologies you have used changed your livelihood? 1= Yes; 0= No if No, go to question No. 23  
16.  If yes, how? _____________________________________________________________________

__________________________________________________________________ 
17.  Has the adoption of the above technologies affected the situation of women and children in some 

other way? 
1= Yes 0= No if No, go to question No. 25  

18.  If yes, in which ways  __________________________________________________________________________________________
__________________________________________________________________________________________
_________________________________________________________________________________ 

  
Section 5: Crop production 
I will now ask questions about crop production, if a different household member is more conversant with this in the household, he/she can answer questions 
in this section 
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No. Question Coding/response Response 

19.  Characteristics of crop production plots in last season (Season A, 2011) 
Plot  Unit  1 2 3 4 5 6 7 

Size (are, acre, hactare, etc)         

Crops grown (Code A)         

Fertiliser application         

NPK (Quantity)         

DAP (Quantity)         

CAN (Quantity)         

Manure (Quantity)         

Others________________         

Others________________         

Pesticides (indicate names and 
quantities below) 

        

_________________________         

__________________________         

__________________________         

Codes A 
1= Bush bean 
2= Climbing bean 
3= Soybean 
4= Groundnut 
5= Pigeon pea 
6= Cowpea 

 
7= Cooking banana 
8= Beer banana 
9= Dessert banana 
10=Plantain banana 
11= Maize 
12=Sorghum 
13= Cassava 
14= Others ........... 
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 Plot  Unit  1 2 3 4 5 6 7 

Labour resource         

Ploughing (Number of people)         

Number of people planting         

Number of people per weeding         

Number of weeding         

Number of people harvesting         

Number of people 
Threshing/shelling 

        

Cost per day (Local currency/ 
person) 

        

No. of people other labor _____          

Technologies applied          

Improved germplasm (Code A)         

IPM (Code B)         

ISFM (Code C)         

Others          

Others          

Codes A 
1= Bush bean 
2= Climbing bean 
3= Soybean 
4= Groundnut 
5= Pigeon pea 
6= Cowpea 

 
7= Cooking banana 
8= Beer banana 
9= Dessert banana 
10=Plantain banana 
11= Maize 
12=Sorghum 
13= Others______ 

Code B 
1= Scouting 
2= Removing 
infected plants 
4= Substitution  
5=Debudding 
6= Others_____ 

Code C  
1= Soil conservation 
2= Intercropping 
3= Improved maize-
legume intercropping 
planted in lines using 2:2 
4= Use of fresh and 
decomposed manure 
 

 
5= Rotation of maize with new high-biomass climbing bean or 
soybean varieties 
6= Combined manure/compost and fertilizer application in the 
planting hole 
7= Cassava planted at about 2 m x 0.5 m intercropped with 
legumes 
8= Planting of beans in mulched bananas using sticks, not hoes 
9= Intercropping coffee with banana 
10= Others …………………. 



! !

106 
!

No. Question Coding/response Response 

20.  Type of input purchased for the last 
season 

Variety Amount purchased Local unit Purchase price per unit 

Bean seed Local     
 Improved     
Banana plantlets Local     
 Improved     
Pigeon pea Local     
 Improved     
Groundnuts Local     
 Improved     
Soya beans Local     
 Improved     
Maize Local     
 Improved     
Cow pea Local     
 Improved     
 Local     
Manure     
DAP     
NPK     
CAN     
TSP     
Urea, etc     
Others________________     
Pesticide_______________     
Pesticide_______________     
Pesticide_______________     
Pesticide_______________      
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21.  I will now ask you about crop harvest and how you use it 
Utilization of crops produced (2011, Season A)  

Harvest  Consumption  Gift  Seed  Transformed  Sale Crop 
grown 
Code 
A 

Variety  
(1= 
Improved
, 0= 
Local) 

Local 
unit  

Quant
ity  

Local 
unit  

Quantit
y  

Loc
al 
unit  

Quant
ity  

Local 
unit  

Qu
ant
ity  

Local 
unit  

Quantit
y  

Unit 
of 
sale 

Quan
tity 

Price/ 
unit 

Sales 
outlet/p
oints 
Codes B 

Type 
of 
buyer 
Codes 
C 
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22.  What is your assessment of the level of harvest as compared to last 
season? 

1= The same as last year; 2= Below last year; 3= Above last year  

23.  Which are the main reasons for the above response (question 28)? 1= Improved varieties; 2= Use of fertilizers 3=Water logging; 4= 
Delayed onset of rains; 5= Floods; 6= Pests; 7= Plant diseases; 8= 
Shortage of seeds; 9=Shortage of fertilizers; 10= Crop failure and 
replanting; 11= Shortage of funds 12=Erratic rains, 13= Others_______ 

 

24.  How satisfied are you with your crops production technologies? 1= Very satisfied; 2= Satisfied; 3= Ok; 4= Unsatisfied; 5= Very 
unsatisfied 

 

25.  Do you transform agricultural products? 1=Yes; 0=No.  if No, go to question No. 33  
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26.  If yes, fill in the table below indicating the details of the transformed products from Sept 2010 – July 2011 
Quantity 
transformed 

Consumption  Gift  Sale Name of 
Transforme
d Product Local 

unit  
Quantity  Local 

unit  
Quantity  Local unit  Quantity  

Unit of 
sale 

Quantity Price/ unit Destination of 
sale Codes B 

Type of buyer 
Codes C 

            

            

            

            

            

            

            

            

 
Code B 
1= Farm gate 
2= Local market 

 
3= Regional market 
4= Others_________ 

Code C 
1= Middle man 
2= Retailers  
 

 
3= Wholesalers  
4= Processors 
5= Others__________ 

 
  

Section 6: Consumption data 
I will now ask you about food consumption, expenditures and shortages in the family. The household member who is more familiar may answer  
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27.  What is the main staple food for this household? 1= Maize; 2= Sorghum; 3= Millet, 4= Beans; 5= Cassava; 6= Banana; 7= Soya 
beans; 8= Groundnuts 9= Sweet potatoes; 10= Plantain 11= Irish potatoes 12 =rice 
13=other (specify) 

 

28.  What are the main sources of staple food above? 1= Own production; 2= Purchase from the Market; 3= Handouts from NGOs; 4= 
Remittance; 5= Others_______________. 

 

29.  How many meals per day did the household consume in the past week on average? ________  
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No. Question Coding/response Response 

30.  Now I will ask you on food eaten last 2 days 
Indicate all types of foods eaten either as a meal or a snack/ Quantity 

Quantity consumed in the last 2 days (a cup can be used in the estimation of the quantity) Food product name 

Local 
unit  

Yesterday 
(Quantity) 

Number of 
Adult  

Number of 
children  

Day before yesterday 
(Quantity) 

Number of 
Adult  

Number of 
children  

Maize grain        
Maize flour        
Millet        
Sorghum        
Wheat flour        
Rice        
Cassava (Fresh)        
Cassava (Processed)        
Cassava leaves        
Sweet potato        
Irish potato        
Cooking banana        
Plantain        
Beans        
Ground nuts        
Peas        
Soybeans        
Soybean products        
Other staples (any)        
Non staples        
Pork        
Chicken        
Eggs        
Beef        
Mutton        
Goat        
Fish        
Dairy products        
Vegetable (any)        
Fruits (any)         
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No. Question Coding/response Response 

31.  Which of the following statements best describes the food eaten in your 
household on average? 

1= Enough of the kinds of food we want to eat; 2= Enough but not always the 
kind of food we want to eat; 3= Sometimes not enough to eat; 4= Often not 
enough to eat.  if 1, go to question No. 39   

32.  How do you cope? 0= No attempt to cope; 1= Food purchase; 2= Food aid; 3= 
Labour sale; 4= Livestock sale; 5= Land sale; 6= Barter; 7= 
Limit consumption ; 8=  Sell other family assets; 9= Sell 
livestock; 10= Borrow cash; 11= Others_________ 

 

33.  Did you receive any food aid during the last 12 months? 1= Yes; 0= No if No, go to question No. 43  
34.  Product 

[Give product] 
Local unit  How much 

(quantity) 
How often 
[0= Never; 1= Daily; 2= Weekly; 3= 
Monthly; 4= Quarterly; 5= Yearly] 

From where 
[Add source] 

     
     
     
     
     
      

35.   
Which months of the year are you most food insecure? [tick 
month] 
 

 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
             

36.  In the last 3 year how can you rate food security in your 
household? 

1=Increased; 2=Decreased; 3=Remained the same 
If decreased, go to question No. 44. Remained the same question No. 45 

 

37.  If increased what are the possible factors you can attribute 
the increase to? 

1= Climatic factors; 2= Security 3= Improved technologies; 4= Income; 5=  
Others_______ 

 

38.  If decreased what are the possible factors you can attribute 
the declines to? 

1= Climatic factors; 2= Insecurity; 3= Lack of inputs; 4= Others__________  

39.  Indicate the change status of consumption of protein rich 
foods in the last 3 years (meat, milk, eggs, soybean 
products, beans)? 

1=Increased; 2=Decreased; 3=Remained the same 
If decreased, go to question No. 47. Remained the same question  No. 48 

 

40.  If increased what are the possible factors you can attribute 
the increase to? 

1= Climatic factors; 2= Security 3= Improved technologies; 4= Income; 5=  
Others_______ 

 

41.  If decreased what are the possible factors you can attribute 
the declines to? 

1= Climatic factors; 2= Insecurity; 3= Lack of inputs; 4= Others__________  

42.  Are you involved with community-based nutrition programs? 1=Yes; 0=No.  if No, go to question No. 50  
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No. Question Coding/response Response 

43.  If yes, give the name of the initiative? ___________________________________________________________
___________________________________________________________
______________________________________________________ 

  
Section 7: Infrastructure and services 
I will now ask you about access to services and infrastructures  

 

44.  Access to health facilities and information. 
 Nearest Centre Most visited Centre Hospital 
Name    
Village/ Zone sante/ cell/ town    
Type of road  
[1= Dirt road useable throughout the year; 2= Dirt road not usable 
throughout the year; 3= Murram; 4= Tarmac] 

   

Distance from home  to the centre [local unit]    
Distance from home  to main road [local unit]    
Time taken to main road (indicate the unit)    
Main mean of transport     

45.  Access to markets 
Name of market  
[Give name] 

Frequency of visit 
[0= Never; 1= Daily; 2= Weekly; 3= 
Monthly; 4= Quarterly; 5= Yearly] 

Products sold 
[0= Nothing; 1= Fresh food; 2= Processed 
food; 3= Non-food agricultural; 4= Non-food 
non-agricultural 5= Other ____________] 

Type of road 
to nearest 
market 
Code A 

Distance 
(Local unit) 

Main mean 
of transport 
Code B 

NEAREST MARKETS   
      
      
      
MOST VISITED MARKETS   
      
      
MAJOR URBAN MARKET     
      
      
Code A: 1= Dirt road useable throughout the year; 2= Dirt road not usable throughout the year; 3= Murram; 4= Tarmac 
Code B: 1=On foot; 2=Bicycle ; 3=Vehicle; 4=Airplane; 5=Boat ; 6=Others (specify)_______________  
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No. Question Coding/response Response 

  
Section 8: Collective marketing activities 
I will now ask questions on how you market your produce 

 

46.  Did you sell your crop through the farmer group/ cooperative during last 3 years? 1= Yes; 0= No if No, go to question No. 55  
47.  Which are the three main advantages of selling your crop through a farmer group or 

cooperative? 
______________________________________________________
______________________________________________________ 

48.  Which are the three main disadvantages of selling your crop through a farmer group or 
cooperative? 

______________________________________________________
______________________________________________________
_____________________ 

49.  Inputs accessed through the farmer group/coop in the last 3 years 
Inputs or services 1=Yes; 0=No Total cost/ season [Local currency] 
Improved seeds   
Fertilizer   
Chemicals   
Technical advice   
Cash credit   
Others_____________    

50.  Do you have any contractual agreement with your buyers 1=Yes; 0=No  if No, go to question No. 59  
51.  If yes, what kinds of arrangement do you have? 1=Formal contract (written and signed); 2=Informal verbal contract 3= 

Others_____________ 
 

52.  If you have contractual agreement (either formal or informal), does your buyer provide any of this input or services? 
Inputs or services 1= Yes; 0= No Total cost/ season [Local currency] 
Improved seeds   
Fertilizer   
Chemicals   
Technical advice   
Cash credit    

  
Section 9: Assets and finance 
I will now ask you some questions related to the assets that the household have and the finance 
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No. Question Coding/response Response 

53.  Please indicate how many of these assets the household owns and their current values? 
Assets Number Current price [Local 

currency] 
Assets Number Current price  

[Local currency] 
Fallow land (Local unit_____   

Hoes 
  

Cultivated land (Local unit________   Axe   
Cemented/timber floor zero grazing unit   Spade   
Number of granaries   Radio   
Ox-ploughs   TV   
Ox-carts   Motor bikes    
Sickles   Bicycles   

Tractors   Chukudu/ trotunette 
(wooden bicycle) 

  

Other motorized vehicles   Cattle    
Pangas/ Machetes   Poultry    
Spraying pumps   Goats/ sheep   
Mobile phones   Others__________   
Generators   Others__________   
Wheel barrows   Others ___________    

54. b Buildings that the household owns 
Type of building 
Codes A 

Total number Walling material 
Codes B 

Roofing material building 
Codes C 

Electricity 
1= Yes; 0= No 
 

Current value  
(Local currency) 

      
      
      
      
      
Codes A 
1= Residential 
2= Livestock pen 
3= Store 
4= Other specify________ 

Codes B 
1= Bricks (mud) 
2= Stone 
3= Earth 
 

 
4= Wooden (timber)  
5= Wood & mud 
6= Other, specify__________ 
 

Codes C 
1= Grass thatch 
2= Iron sheet 
3= Tiles 
4= Other, specify__________ 
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No. Question Coding/response Response 

55.  Land holding during 2010/11 cropping seasons 
Season B Season A Season C   Unit  

(1= Are; 2= Hectare) Cultivated Fallow  Cultivated Fallow  Cultivated Fallow 

Own used        

Rented in        

Rented out        

Given for free        
 

56.  Are there credit and savings facilities in the area? 1= Yes; 0= No  
57.  Did you need credit in the last 3 years? 1= Yes 0= No   if No, go to question No. 65 
58.  If yes, did you access/get it?  1= Yes 0= No   
59.  If no why? __________________________________________________________

__________________________________________________________
___________________________ 
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No. Question Coding/response Response 

60.  Which are you main source of borrowing? and for what purposes? 
Source of borrowed 
money 

Borrowed in 
the last 3 years 
 [1= Yes; 0= 
No] 

Amount 
borrowed in 2010  
[Local currency] 

Main use 
of 
borrowed 
money  
(Code A) 

Collateral required 
0= None; 1= Land title 
deeds; 2 = Self help 
group/ CBO guarantor; 3 
= Livestock; 4= Savings 
and shares 

Amount 
borrowed 
in 2011  
[Local 
currency] 

Collateral required 
0= None; 1= Land title 
deeds; 2 = Self help 
group/ CBO guarantor; 3 
= Livestock; 4= Savings 
and shares 

Main use of borrowed 
money  
(Code A) 

Relative/ Friend        

Informal savings & 
credit group 

       

Other farmers        
Money lender        
Traders        
NGO/ Church        
Credit from bank / 
micro-finance 

       

Others _________        

 
Code A 
1= Buying seeds; 2= Buying fertilizer; 3= Buy other agricultural inputs; 4= Farm equipment/ implements; 5= Buying oxen for traction; 6= Buy other livestock; 7= 
Soil and water conservation; 8= Invest in irrigation; 9= Non-farm business or trade; 10= Buying food; 11= Children’s education 12. Others_______________  
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61.  List household income sources and earnings in the last one year (August 2010-July 2011) 
Income source [1=Yes; 0=No] Amount [Local currency] 
Selling of crop residue   
Crop income   
Rented out land   
Rented out oxen for ploughing   
Permanent off-farm labour   
Casual off-farm labour   
Long-term farm labour   
Casual farm labor   
Non-farm agribusiness NET income (e.g. grain mill)   
Other business NET income (shops, trade, tailor, etc)   
Pension income   
Remittances   

Sale of livestock  
  

Others____________  
  

 

62.  How much in total did your household receive as income in the last 12 months 
(August 2010-July 2011) [Local currency]? 

_________________  

63.  Which farm income source generated most cash for this household in the course of the 
past year? 

1= Sale of food staples,  2= Sale of other food crops,  3= 
Sale of non-food cash crops,  4= Sale of animals/animal 
produce,  5= Leasing out machinery (e.g. tractors) and/or 
equipment, oxen, push carts etc. 6= Others______________ 
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No. Question Coding/response Response 

  
Section 10: Access to information and technology transfer participation 
I will now ask questions about sources of agricultural, Natural Resource Management and marketing information,  . 
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No. Question Coding/response Response 

64.  What is your main source of agricultural, Natural Resource Management and marketing information? 
Issue Received during last 12 months [1= Yes; 0= No] Codes A 

New varieties of crops   

Crop pest and disease control  
 

Crop storage pests   

Output markets and prices   

Input markets and prices   

Collective action/farmer organization   

Livestock husbandry   

Irrigation   

Family health   

Family planning   

Human nutrition    

Tree planting, soil and water conservation   

Codes A 
1= Government extension 
2= Farmer Cooperative /Union 
3= CIALCA 
4= Research centre: on-farm trials, demos, field days 
5= Seed/grain stockist 

6= Others farmer/neighbour 
7= Radio 
8= Newspaper/ TV 
9= Producer marketing groups(PMG) 
10= NGOS specify______ 
11= Others_________ 
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No. Question Coding/response Response 

65.  How many times have you had contacts with government extension agent last one year? ___________ 
66.  How many times have you had contacts with NGOs including their extensionist and agronomists last one year? ___________ 
67.  Have you ever participated in technology evaluation or transfer? 1= Yes; 0= No if No, go to question No. 75  
68.  If yes, technology testing or transfer methods participated in? 

 No. of times participated 

Type of participation  Before 2006 Who organized  
Code A 2006-2011 Who organized  

Code A 
Own plot Participatory Variety Selection     

On-farm trials  
   

Own plot demonstrations  
   

Invited to field days/farmers’ days  
   

Farmer training center/field school  
   

Learnt new farming methods from progressive neighbours   

   

Agricultural seminars     
Others ___________________     
     
Codes A 
1= Government extension 
2= Farmer Cooperative /Union 
3= CIALCA 

 
4= Research centre, specify_________ 
5= Seed/grain stockiest, specify________ 

 
6=  NGOS specify______ 
7= Others, specify______ 

 

 
  

Section 11: General 
69.  Do you keep farm records? 1=Yes; 0=No  if no, go to question No. 77  
70.  Which types of records do you keep?  ___________________________________________________________________

___________________________________________________________________
________________________________________________________________ 

71.  Are there some crops mainly managed by women? 1=Yes; 0=No  
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No. Question Coding/response Response 

72.  If yes, which ones? 1= Bush bean 
2= Climbing bean 
3= Soybean 

4= Groundnut 
5= Pigeon pea 
6= Cowpea 

7= Cooking banana 
8= Beer banana 
9= Dessert banana 
10=Plantain banana 

11= Maize 
12=Sorghum 
13= Others ........... 

 

73.  Do women have control over the house hold resources? 1=Yes; 0=No  if no, go to question No. 81  
74.  If yes, which ones ___________________________________________________________________

______________________________________________________________ 
75.  How can women's rights to household resources be ensured? ___________________________________________________________________

___________________________________________________________________
________________________________________________________________ 

76.  Do you know CIALCA?  1=Yes; 0=No  if no, go to question No. 87  
77.  If yes, tell me your understanding of what it is (they) in a few words ___________________________________________________________

___________________________________________________________
___________________________________________________________
__________________________________________________ 

78.  Have you ever attended any training organized by CIALCA? 1= Yes; 0= No  if No, go to question No. 87  
79.  If yes, which ones ___________________________________________________________

___________________________________________________________
___________________________________________________________ 

80.  If the training were to be paid, how much would you be willing to pay for those days 
you attended the training? 

[Local currency/ day]________________ 

  
11. Closure 

  

 Thank you very much for your time. 

81.  Do you have any question? 
 

______________________________________________________________________________________________________
______________________________________________________________________________________________________
______________________________________________________________________________________________________
__________________________________________________________________________________ 
 

 End time of interview________________ 
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No. Question Coding/response Response 

 Enumerator’s Remarks 
_________________________________________________________________________________________________________________________________
_________________________________________________________________________________________________________________ 

 Signature of supervisor_____________________________________ 

!
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Appendix 3: Theoretical framework of the adoption model 
!
The extent to which farmers adopt available innovations and the speed by which they do so 

determines the impact of innovations in terms of productivity growth. It is a common 

phenomenon that farmers do not adopt innovations simultaneously as they appear on the 

market. Rogers (1995) defines the adoption process as “the mental process an individual 

passes through from first hearing about an innovation to final adoption”. Final adoption in 

this case refers to the incorporation of the innovation into the farmers practice on a longer-

term perspective. 

In the adoption process, farmers face a number of simultaneous decisions: whether to adopt 

a package of technology at once or sequence the different components, and to what extent 

to use the technology e.g. on which area of the farm, or how much of new inputs to use. 

Several studies have shown the complexity of the decision process:  Byerlee and de 

Polanco (1986) demonstrated that farmers adopt improved varieties, fertilizer, and 

herbicide in a step-wise manner, rather than as a package, in the Mexican altiplano. Smale 

et al. (1995) modelled adoption as three simultaneous choices: the choice of whether to 

adopt the components of the recommended package, the decision of how to allocate 

different technologies across the land area and the decision of how much of some inputs, 

such as fertilizer, to use. Khanna (2001) used a double selectivity model to analyze 

farmers’ sequential adoption of two site-specific technologies, soil testing and variable 

nitrogen rate application technology.  

Like many other decision models, the farmer’s choice to switch from using their old 

production methods with which they are familiar  to the newly introduced methods is 

guided by his/her objectives of profit maximization. They may adopt it on the expectation 

of the gain which in this case remains unobserved. Hence the decision to adopt a new 

modern variety in relation to the old local variety is based on comparison of marginal net 

benefits of one against the other. Denoting the modern and old technologies by the 

symbols n and o respectively, the preference of the ith farmer at time t for the adoption 

 is given by the difference between the marginal net benefits of the modern technology 

against the traditional technology which is unobserved.  corresponds to the net 

benefit of the modern technology exceeding that of the old one while  refers to the 
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net benefits of the new technology being less than that of the old technology. Hence the 

unobserved variable  can be rewritten as: 

 

 (4.1) 

 

Where  is the farmer i decision to adopt the technology,  are explanatory variables, 

and ui.is the error term. The observed variables are = 1 when  and = 0 when 

 for the ith farmer. 

The main models commonly used to analyse factors influencing such dependent variables 

include the Logit, and the Probit model (Maddala, 1983). However, these models yield 

biased and inconsistent estimates even when based on a randomly selected sample due to 

“non-exposure” bias or “selection bias. The non-exposure bias makes it difficult to 

interpret the coefficients of classical adoption models when the diffusion of the technology 

in the population is incomplete (Dimara and Skura, 2003; Saha et al., 1994), as is the case 

in the CIALCA project, due to the timing of this study when interventions are still going 

on. The true population adoption rate corresponds to what is defined in the modern 

treatment effect literature as the Average Treatment Effect (ATE). The ATE parameter 

measures the effect or impact of a “treatment” on a person randomly selected in the 

population (Wooldridge, 2002).  

Therefore, to consistently estimate the CIALCA technologies adoption rate and its 

determinants, we follow Wooldridge (2002) and Diagne et al., (2007; 2009) and use the 

Average Treatment Effect (ATE) estimation framework whereby every farmer in the 

population has two potential outcomes: with and without exposure to a technology. 

Let W1 denote farmer exposed to the CIALCA technologies and W0 if the farmer is non-

exposed (control). The potential adoption outcome can either be adoption status (0 or 1) or 

a measure of intensity of adoption such as the total number of CIALCA technologies 

adopted. Then, the “treatment effect” for farmer i is measured by the difference . 

Hence, the expected population adoption impact of exposure to the CIALCA technologies 

is given by the expected value , which is, by definition, the Average Treatment 

Effect (ATE). 
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Unfortunately, we cannot observe the outcome with and without exposure for the same 

farmer, so that it is impossible to measure h  for any given farmer. However, since 

exposure to a CIALCA technology is a necessary condition for its adoption, we have 

 for any farmer whether exposed to the set of CIALCA technologies or not. Hence, 

the adoption impact of a farmer i is given by and the average adoption impact is given 

by . Unfortunately, we observe  only for farmers exposed to CIALCA 

technologies. Hence, we cannot estimate the expected value of  by the sample average 

of a randomly drawn sample since some of the  in the sample would be missing.  

The average adoption impact on the exposed subpopulation is given by the conditional 

expected value , which is by definition the average treatment effect on the 

treated, commonly denoted by ATE1. Since, we do observe  for all the exposed farmers, 

the sample average of  from the sub-sample of exposed farmers will consistently 

estimate ATE1, provided the sample is random. We can decompose ATE as a weighted 

sum of ATE1 and , the expected adoption impact in the non-exposed 

subpopulation:  

 

 (4.2) 

 

Where  is the probability of exposure9. Thus after consistently estimating ATE, 

ATE1 and the probability of exposure, , we can get from the expected “non-

exposure” bias ; the expected bias from using the sample 

average adoption rate among the exposed , and the expected adoption 

impact in the non-exposed subpopulation: 

 

 (4.3) 

 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!
9!Used!strictly!to!mean!awareness!of!the!existence!of!the!new!technology!and!does!not!necessarily!
imply!any!learning!of!its!characteristics. 
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Also it is very possible to obtain the observed outcome W as function of the potential 

outcomes  and  and the treatment A as: 

 

 
 

(4.4) 

 

The estimators using the conditional independence assumption are either a pure parametric 

regression-based method where the covariates are interacted with treatment status variable, 

or they are based on a two-stage estimation procedure where the conditional probability of 

treatment , called the propensity score, is estimated in the first stage 

and ATE and ATE1 are estimated in the second stage by parametric regression-based 

methods or by non-parametric methods (including the so-called matching methods), i.e. the 

factors influencing exposure are estimated simultaneously with the covariates that affect 

adoption. This makes sense, because the factors that influence information exposure are 

not necessarily exactly the same as those that explain adoption once exposed.  
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Appendix 4 Descriptive statistics of farm household characteristics. 
 
 
Table A 1: Description of all variables used in the report 

Variable  Definition  

ADOPT 1, if house hold adopted any two CIALCA technologies; 0, otherwise 
AGE Age of household head (years) 
AGESQ Age of household head  squared (years) 
GENDER 1, if the household head is male; 0, otherwise 
EDUCATION0 1, Household head with no formal education; 0, otherwise 
EDUCATION1 1, Household head with primary education; 0, otherwise 

EDUCATION2 1, Household head with secondary education; 0, otherwise 

EDUCATION3 1, Household head with > secondary education; 0, otherwise 
EXPERIENCE Farming experience of household head (years) 
EDUCTNME Highest formal schooling completed by other adult household member (years) 
FAMLYSIZE Number of family members living in the household in adult equivalent (count) 
DRATIO Dependency ratio (proportion over 64 and under 15years of age (%) 
OCCUPATION 1, if household head main occupation is farming; 0, otherwise 
MOBILE 1, if the household owned a mobile; 0, otherwise 
RADIO 1, if the household owned a radio; 0, otherwise 
TV 1, if household owned a TV; 0, otherwise 
EXTENSION Contact with extension agents (count) 
CIALCA CIALCA trainings participation (count) 

NGO Contact with NGO agents (count) 

ASSETS Total value of farm assets per capita that can be transformed into cash (USD) 
FARMERMEB 1, if the farmer is a member of farmer association; 0, otherwise 
CREDIT 1, if the household received credit during the cropping season; 0, otherwise 
DISTMKT Distance to main market (km) 
OFFFARM 1, if the household gets off farm income; 0, otherwise 
FARMSIZE Farm size (ha) 
PLOT Number of plots under cultivation 
FOODAID Receive any food aid during the last 12 months  
RECORD 1, if the household keeps farm records; 0, otherwise 
INPUT Total cost of production (USD/ha) 
MANURE 1, if the household used manure in the crop production; 0, otherwise 
NPK 1, if the household used NPK fertilizer in the crop production; 0, otherwise 
DAP 1, if the household used DAP fertilizer in the crop production; 0, otherwise 
PESTICIDE 1, if the household used pesticides in the crop production; 0, otherwise 
TSP 1, if the household used TSP fertilizer in the crop production; 0, otherwise 
UREA 1, if the household used urea fertilizer in the crop production; 0, otherwise 

CROPINCOME  Crop income(yield multiplied by price) minus variable costs 
CRPPRODUCTIVITY Crop income with a standardized price (USD/ha) 
PROTEIN Percentage of protein taken in relation to the recommended daily intakes (RDIs) per 

adult equivalent (%) 
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Variable  Definition  

SHARESOLD Share of total crop marketed (%) 
SHARECONSUMED Share of total crop consumed (%) 
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!
Table A 2: Technology adoption by technology group and site location (%) 
! Germplasm  Crop management  IPM  Post harvest  

Site  Action Satellite Control Action Satellite Control Action Satellite Control Action Satellite Control 
Gitega 47 17 30 44 10 16 14 3 11 5 0 7 
Rusizi 36 53 43 9 13 0 26 13 30 3 7   
South  
Kivu 

68 73 58 48 73 46 12 33 8 13 27 4 

North 
Kivu 

11 53 10 21 24 19 44 71 33 8 9 14 

Bas Congo 48 65 40 17 38 12 8 3 4 17 21 4 
Kigali -
Kibungo 

72 61 18 64 50 11 7 21 7 22 7 4 

Umutara  43 52 50 36 35 18 11 3 14 9 6 9 
Average 46 53 36 34 35 17 17 21 15 11 11 7 
 
Table A 3: Average farm gate prices of selected crops (US$ / kg) 
Crop Non-adopter Adopter 
Bush bean 0.81 0.94 
Climbing bean 1.03 1.00 
Soybean 0.58 1.86 
Groundnut 1.31 1.93** 
Pigeon pea 1.17 0.50 
Cowpea 0.54 1.28** 
Cooking banana 1.22 0.60 
Beer banana 1.87 1.58 
Dessert banana 0.30 1.28 
Plantain banana 1.14 0.35 
Maize 0.37 0.85 
Sorghum 0.29 0.33 
Cassava 2.68 1.44 
** significant difference at .05 level 
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Table A 4: Mean and standard deviation for variables by adoption status.  

  Non adopter  Adopter   

  Mean Std. Deviation Mean Std. Deviation 

Gitega  48.58 11.67 47.44 9.67 
Rusizi  45.22 13.24 45.48 14.44 
South Kivu 48.95 13.42 49.88 13.03 
North Kivu 52.17 13.77 47.05 14.19 
Bas Congo 48.18 13.31 45.63 12.52 
Kigali Kibungo 44.96 13.35 46.39 12.99 

AGE 
(years) 

Umutara  46.15 11.82 43.92 10.79 
Gitega  0.82 0.39 0.75 0.44 
Rusizi  0.77 0.42 0.80 0.41 
South Kivu 0.83 0.38 0.79 0.41 
North Kivu 0.88 0.33 0.97 0.17 
Bas Congo 0.78 0.41 0.91 0.30 
Kigali Kibungo 0.75 0.44 0.82 0.39 

GENDER 
(proportion of 
males) 

Umutara  0.78 0.42 0.95 0.23 
Gitega  0.28 0.45 0.09 0.30 
Rusizi  0.34 0.48 0.24 0.44 
South Kivu 0.47 0.50 0.25 0.43 
North Kivu 0.24 0.43 0.18 0.39 
Bas Congo 0.09 0.29 0.03 0.18 
Kigali Kibungo 0.29 0.46 0.13 0.34 

EDUCATION0 
(proportion of 
household head with 
no formal eduction) 

Umutara  0.30 0.46 0.18 0.39 
Gitega  0.46 0.50 0.69 0.47 
Rusizi  0.50 0.50 0.52 0.51 
South Kivu 0.27 0.45 0.28 0.45 

EDUCATION1  
(proportion of 
household heads 
with primary 
education) North Kivu 0.42 0.50 0.41 0.50 
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  Non adopter  Adopter   

  Mean Std. Deviation Mean Std. Deviation 
Bas Congo 0.26 0.44 0.19 0.40 
Kigali Kibungo 0.67 0.47 0.70 0.46 

 

Umutara  0.58 0.50 0.63 0.49 
Gitega  0.07 0.26 0.19 0.40 
Rusizi  0.08 0.28 0.16 0.37 
South Kivu 0.19 0.39 0.44 0.50 
North Kivu 0.24 0.43 0.33 0.48 
Bas Congo 0.59 0.49 0.72 0.46 
Kigali Kibungo 0.01 0.11 0.12 0.33 

EDUCATION2  
(proportion of 
household heads 
with secondary 
education) 

Umutara  0.06 0.23 0.11 0.31 
Gitega  0.00 0.00 0.00 0.00 
Rusizi  0.00 0.00 0.00 0.00 
South Kivu 0.02 0.13 0.02 0.13 
North Kivu 0.00 0.00 0.00 0.00 
Bas Congo 0.00 0.00 0.00 0.00 
Kigali Kibungo 0.01 0.11 0.01 0.12 

EDUCATION3 
(proportion of 
household heads 
with higher than 
secondary 
education) 

Umutara  0.00 0.00 0.00 0.00 
Gitega  25.38 13.21 24.61 10.68 
Rusizi  24.00 13.72 21.83 14.15 
South Kivu 25.84 14.52 20.41 14.84 
North Kivu 28.63 14.90 25.42 14.16 
Bas Congo 23.05 13.91 15.56 11.43 
Kigali Kibungo 24.72 13.88 24.30 13.61 

EXPERIENCE 
(years of farming 
experience) 

Umutara  22.32 10.60 18.57 11.69 
Gitega  2.74 1.50 3.03 1.62 EDUCTNME (years 

of formal education Rusizi  2.60 1.56 2.76 1.71 
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  Non adopter  Adopter   

  Mean Std. Deviation Mean Std. Deviation 
South Kivu 3.02 1.97 3.56 1.43 
North Kivu 3.43 1.60 3.23 1.58 
Bas Congo 2.98 1.60 3.28 1.35 
Kigali Kibungo 2.91 1.21 3.28 1.04 

attained by highest 
educated member of 
the household) 
 

Umutara  2.89 1.43 3.50 1.31 
Gitega  6.01 1.94 5.97 2.33 
Rusizi  5.65 2.43 5.80 2.66 
South Kivu 6.88 2.84 7.49 2.68 
North Kivu 6.34 2.51 5.95 2.00 
Bas Congo 4.08 1.71 4.56 1.98 
Kigali Kibungo 5.49 2.27 5.96 1.75 

FAMLYSIZE 
(count of family 
members living in 
the household) 

Umutara  5.98 2.67 6.45 2.16 
Gitega  1.42 4.36 1.74 2.58 
Rusizi  0.90 1.44 0.66 0.74 
South Kivu 1.56 4.31 2.34 8.92 
North Kivu 2.14 7.00 1.43 1.44 
Bas Congo 0.98 2.43 1.11 1.07 
Kigali Kibungo 1.80 6.66 1.82 5.30 

FARMSIZE (Farm 
size (ha)) 
 

Umutara  1.32 1.67 1.38 1.37 
Gitega  0.59 0.49 0.53 0.51 
Rusizi  0.57 0.50 0.64 0.49 
South Kivu 0.49 0.50 0.60 0.49 
North Kivu 0.48 0.50 0.64 0.49 
Bas Congo 0.06 0.24 0.00 0.00 
Kigali Kibungo 0.46 0.50 0.36 0.48 

OFFFARM 
(proportion of 
households 
reporting at least 
one off-farm income 
source) 
 

Umutara  0.42 0.50 0.50 0.51 
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  Non adopter  Adopter   

  Mean Std. Deviation Mean Std. Deviation 
Gitega  0.33 0.47 0.56 0.50 
Rusizi  0.12 0.33 0.16 0.37 
South Kivu 0.39 0.49 0.81 0.40 
North Kivu 0.00 0.00 0.00 0.00 
Bas Congo 0.40 0.49 0.72 0.46 
Kigali Kibungo 0.33 0.47 0.60 0.49 

FARMERMEB 
(proportion of 
households 
reporting to be 
member in a farmer 
group or 
association) 

Umutara  0.27 0.45 0.42 0.50 
Gitega  2.99 5.99 6.25 9.44 
Rusizi  1.94 4.74 5.32 10.11 
South Kivu 1.10 1.59 2.89 4.45 
North Kivu 0.18 0.64 0.18 0.82 
Bas Congo 0.74 1.11 0.44 0.91 
Kigali Kibungo 3.03 3.79 3.78 4.83 

EXTENSION 
(contacts with 
extension agents 
(count)) 
 

Umutara  4.71 8.93 3.21 3.64 
Gitega  1.68 3.26 3.53 5.80 
Rusizi  0.75 1.49 2.20 4.86 
South Kivu 1.85 3.46 3.25 4.69 
North Kivu 3.08 3.83 4.05 4.51 
Bas Congo 1.64 3.50 1.69 2.15 
Kigali Kibungo 1.07 2.32 3.60 4.83 

NGO (contacts with 
NGO agents 
(count)) 
 

Umutara  0.79 1.95 1.66 3.95 
Gitega  0.36 0.48 0.81 0.40 
Rusizi  0.30 0.46 0.44 0.51 
South Kivu 0.58 0.50 0.74 0.44 
North Kivu 0.89 0.32 0.92 0.27 

CIALCA 
(participation in 
CIALCA trainings 
(count)) 
 

Bas Congo 0.19 0.39 0.25 0.44 
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  Non adopter  Adopter   

  Mean Std. Deviation Mean Std. Deviation 
Kigali Kibungo 0.17 0.38 0.58 0.50  
Umutara  0.15 0.36 0.34 0.48 
Gitega  0.16 0.37 0.28 0.46 
Rusizi  0.29 0.46 0.32 0.48 
South Kivu 0.37 0.49 0.51 0.50 
North Kivu 0.38 0.49 0.56 0.50 
Bas Congo 0.27 0.45 0.38 0.49 
Kigali Kibungo 0.41 0.49 0.66 0.48 

MOBILE 
(proportion of 
households 
reporting ownership 
of mobile phone) 
 

Umutara  0.53 0.50 0.71 0.46 
Gitega  0.63 0.49 0.81 0.40 
Rusizi  0.62 0.49 0.52 0.51 
South Kivu 0.51 0.50 0.63 0.49 
North Kivu 0.56 0.50 0.54 0.51 
Bas Congo 0.44 0.50 0.44 0.50 
Kigali Kibungo 0.71 0.46 0.81 0.40 

RADIO (proportion 
of households 
reporting ownership 
of radio) 
 

Umutara  0.69 0.47 0.87 0.34 
Gitega  0.01 0.10 0.00 0.00 
Rusizi  0.01 0.10 0.04 0.20 
South Kivu 0.02 0.13 0.07 0.26 
North Kivu 0.00 0.00 0.13 0.34 
Bas Congo 0.20 0.40 0.16 0.37 
Kigali Kibungo 0.03 0.16 0.01 0.12 

TV (proportion of 
households 
reporting ownership 
of TV) 
 

Umutara  0.03 0.18 0.03 0.16 
Gitega  450.09 701.37 370.23 478.92 
Rusizi  470.96 974.72 950.54 2158.23 

INPUT (Total cost 
of production 
(USD/ha)) 

South Kivu 320.74 785.27 400.05 822.47 
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  Non adopter  Adopter   

  Mean Std. Deviation Mean Std. Deviation 
North Kivu 223.78 691.72 58.54 43.54 
Bas Congo 239.57 224.27 308.00 194.83 
Kigali Kibungo 548.50 1315.49 483.55 1284.74 

 

Umutara  244.23 458.22 516.44 804.10 
Gitega  0.16 0.37 0.16 0.37 
Rusizi  0.09 0.29 0.00 0.00 
South Kivu 0.03 0.18 0.07 0.26 
North Kivu 0.02 0.15 0.00 0.00 
Bas Congo 0.00 0.00 0.00 0.00 
Kigali Kibungo 0.07 0.25 0.12 0.33 

MANURE 
(proportion of 
households 
reporting use of 
manure during last 
year) 
 

Umutara  0.07 0.25 0.13 0.34 
Gitega  0.04 0.20 0.22 0.42 
Rusizi  0.06 0.23 0.04 0.20 
South Kivu 0.00 0.00 0.11 0.31 
North Kivu 0.00 0.00 0.00 0.00 
Bas Congo 0.01 0.10 0.00 0.00 
Kigali Kibungo 0.08 0.27 0.07 0.26 

NPK (proportion of 
households 
reporting use of 
NPK fertilizer 
during last year) 
 
 

Umutara  0.02 0.15 0.16 0.37 
Gitega  0.58 0.50 0.41 0.50 
Rusizi  0.07 0.26 0.08 0.28 
South Kivu 0.00 0.00 0.02 0.13 
North Kivu 0.00 0.00 0.00 0.00 
Bas Congo 0.00 0.00 0.00 0.00 
Kigali Kibungo 0.05 0.22 0.22 0.42 

DAP (proportion of 
households 
reporting use of 
DAP fertilizer 
during last year) 
 
 

Umutara  0.06 0.23 0.11 0.31 
PESTICIDE Gitega  0.03 0.17 0.06 0.25 
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  Non adopter  Adopter   

  Mean Std. Deviation Mean Std. Deviation 
Rusizi  0.05 0.21 0.04 0.20 
South Kivu 0.00 0.00 0.00 0.00 
North Kivu 0.01 0.11 0.03 0.16 
Bas Congo 0.00 0.00 0.00 0.00 
Kigali Kibungo 0.00 0.00 0.03 0.17 

(proportion of 
households 
reporting use of 
pesticides during 
last year) 
 
 Umutara  0.02 0.15 0.05 0.23 

Gitega  0.00 0.00 0.03 0.18 
Rusizi  0.00 0.00 0.00 0.00 
South Kivu 0.00 0.00 0.00 0.00 
North Kivu 0.00 0.00 0.00 0.00 
Bas Congo 0.00 0.00 0.00 0.00 
Kigali Kibungo 0.01 0.11 0.03 0.17 

TSP (proportion of 
households 
reporting use of TSP 
during last year) 
 
 

Umutara  0.00 0.00 0.00 0.00 
Gitega  0.03 0.17 0.25 0.44 
Rusizi  0.03 0.16 0.00 0.00 
South Kivu 0.00 0.00 0.00 0.00 
North Kivu 0.00 0.00 0.00 0.00 
Bas Congo 0.00 0.00 0.00 0.00 
Kigali Kibungo 0.03 0.16 0.13 0.34 

UREA (proportion 
of households 
reporting use of urea 
during last year) 
 

Umutara  0.07 0.25 0.11 0.31 
Gitega  1,672.38 3,404.55 3,841.87 6,669.12 
Rusizi  2,885.20 4,573.39 3,164.66 3,609.65 
South Kivu 1,427.04 2,644.07 1,478.92 3,470.84 
North Kivu 1,611.75 2,542.73 1,087.40 1,617.39 
Bas Congo 570.54 2,407.36 349.78 556.53 

CRPPRODUCTIVI
TY (Total crop 
production 
multiplied with a 
crop specific 
standardized price 
(USD/ha)) Kigali Kibungo 2,451.19 4,664.07 2,851.40 5,154.10 
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  Non adopter  Adopter   

  Mean Std. Deviation Mean Std. Deviation 
  Umutara  971.67 3,064.09 1,705.04 4,279.38 

Gitega  12.77 18.81 20.63 18.68 
Rusizi  16.92 21.96 21.59 23.91 
South Kivu 21.16 26.76 27.43 23.39 
North Kivu 33.36 23.25 39.21 20.36 
Bas Congo 34.54 33.16 40.36 31.74 
Kigali Kibungo 28.74 20.41 32.72 17.34 

SHARESOLD 
(Share of total crop 
production marketed 
(%)) 
 

Umutara  35.82 25.96 36.75 25.72 
Gitega  55.90 26.93 47.24 23.91 
Rusizi  54.50 28.30 47.96 21.63 
South Kivu 55.79 27.25 49.46 20.04 
North Kivu 46.10 25.45 45.16 19.07 
Bas Congo 24.28 27.91 19.96 20.93 
Kigali Kibungo 55.15 22.40 47.60 17.47 

SHARECONSUME
D (share of total 
crop production 
consumed (%)) 
 

Umutara  44.26 27.96 44.25 27.38 
Gitega  441.73 2,696.22 921.56 1,829.16 
Rusizi  1,206.64 4,226.02 -146.35 1,719.90 
South Kivu 934.57 2,135.46 523.14 2,279.79 
North Kivu 1,504.11 3,660.26 966.81 2,987.22 
Bas Congo -14.75 587.15 -199.26 277.05 
Kigali Kibungo 2,114.61 5,084.88 1,718.45 4,116.51 

CRPINCOME 
(Total crop 
production valued at 
farm gate prices 
(US$/ha) 
 

Umutara  697.03 2,345.35 91.53 951.91 
Gitega  489.25 1,649.37 365.00 456.06 
Rusizi  920.56 3,233.78 672.35 754.87 
South Kivu 694.50 2,573.53 1,175.56 3,217.48 

TINCOME (Total 
household income 
US$) 
 

North Kivu 8,142.06 64,903.56 498.13 541.20 
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  Non adopter  Adopter   

  Mean Std. Deviation Mean Std. Deviation 
Bas Congo 420.84 538.50 336.29 232.59 
Kigali Kibungo 275.81 338.92 403.41 529.81 

 

Umutara  648.17 1,972.24 693.18 932.73 
Gitega  106.15 90.43 106.05 95.18 
Rusizi  121.54 82.24 165.38 165.84 
South Kivu 157.69 111.52 115.48 89.44 
North Kivu 165.75 114.58 219.13 149.07 
Bas Congo 96.93 103.11 91.91 52.40 
Kigali Kibungo 85.14 49.06 96.69 66.28 

PROTEIN 
(Percentage of 
protein taken in 
relation to the 
recommended daily 
intakes (RDIs) per 
adult equivalent) 
 

Umutara  121.18 69.50 159.29 167.08 
Gitega  0.96 0.20 1.00 0.00 
Rusizi  0.94 0.24 0.91 0.29 
South Kivu 0.95 0.23 0.94 0.23 
North Kivu 0.92 0.28 0.92 0.27 
Bas Congo 0.89 0.31 0.93 0.25 
Kigali Kibungo 0.96 0.20 0.95 0.21 

HEADCOUNT 
(proportion of 
households living 
below the poverty 
line) 

Umutara  0.91 0.29 0.82 0.39 
Gitega  0.79 0.84 0.82 0.20 
Rusizi  0.68 0.86 0.67 0.47 
South Kivu 0.74 0.77 0.66 1.06 
North Kivu 0.55 0.95 0.72 0.28 
Bas Congo 0.62 0.57 0.68 0.26 
Kigali Kibungo 0.76 0.54 0.67 0.82 

POVERTYGAP 
(Mean distance of 
daily per capita 
income from the 
poverty line) 

Umutara  0.73 0.37 0.33 1.62 
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Table A 5: Mean and standard deviation for variables by site location 

! Mean Std. Deviation !

! Action  Satellite  Control  Action  Satellite  Control  
AGE 47.59 47.48 49.80 11.60 11.90 10.24 
GENDER 0.86 0.90 0.66 0.35 0.31 0.48 
EDUCATION0  0.19 0.21 0.32 0.39 0.41 0.47 
EDUCATION1  0.58 0.55 0.41 0.50 0.51 0.50 
EDUCATION2  0.08 0.03 0.16 0.28 0.19 0.37 
EDUCATION3  0.00 0.00 0.00 0.00 0.00 0.00 
EXPERIENCE 25.70 20.86 27.56 14.00 12.85 9.63 
EDUCTNME 2.54 3.07 3.00 1.53 1.25 1.66 
FAMLYSIZE 6.05 5.93 5.98 2.16 1.91 1.98 
ASSETS 26,078.11 4,733.17 9,006.27 86,607.29 11,153.35 41,483.00 
FARMSIZE 1.33 1.45 1.76 2.21 4.07 5.65 
OFFFARM 0.53 0.72 0.55 0.50 0.45 0.50 
FARMERMEB 0.51 0.38 0.23 0.50 0.49 0.42 
EXTENSION 3.59 3.41 4.27 5.03 7.19 9.19 
NGO 2.19 2.17 2.02 4.15 3.99 4.12 
CIALCA 0.71 0.24 0.30 0.46 0.44 0.46 
MOBILE 0.22 0.14 0.18 0.42 0.35 0.39 
RADIO 0.73 0.76 0.55 0.45 0.44 0.50 
TV 0.00 0.00 0.02 0.00 0.00 0.15 
INPUT 452.41 494.54 351.62 675.13 846.25 432.78 

Gitega  

MANURE 0.17 0.24 0.09 0.38 0.44 0.29 
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! Mean Std. Deviation !

! Action  Satellite  Control  Action  Satellite  Control  
NPK 0.05 0.07 0.14 0.22 0.26 0.35 
DAP 0.59 0.59 0.43 0.50 0.50 0.50 
PESTICIDE 0.05 0.03 0.02 0.22 0.19 0.15 
TSP 0.00 0.00 0.02 0.00 0.00 0.15 
UREA 0.15 0.03 0.02 0.36 0.19 0.15 
CRPPRODUCTIVITY 2,838.35 1,714.05 1,659.26 5,125.40 3,044.06 4,349.66 
SHARESOLD 17.88 13.23 10.63 17.44 16.34 22.41 
SHARECONSUMED 50.22 52.39 60.11 24.66 26.72 28.13 
CRPINCOME 1,026.05 259.41 77.34 3,513.35 1,257.55 511.95 
TINCOME 571.99 181.72 463.66 1,708.57 250.87 1,414.70 
PROTEIN 109.29 108.69 100.06 92.16 104.57 81.30 
HEADCOUNT  0.97 1.00 0.95 0.18 0.00 0.22 

 

POVERTYGAP 0.81 0.91 0.69 0.27 0.08 1.24 
AGE 46.84 46.07 40.11 11.01 15.76 15.84 
GENDER 0.69 0.97 0.80 0.47 0.18 0.41 
EDUCATION0  0.34 0.17 0.43 0.48 0.38 0.50 
EDUCATION1  0.49 0.63 0.40 0.50 0.49 0.50 
EDUCATION2  0.11 0.10 0.07 0.31 0.31 0.25 
EDUCATION3  0.00 0.00 0.00 0.00 0.00 0.00 
EXPERIENCE 26.01 21.82 18.69 12.70 14.54 14.74 
EDUCTNME 2.86 2.43 2.23 1.55 1.52 1.68 
FAMLYSIZE 6.05 5.60 4.83 2.66 2.24 1.98 
ASSETS 25,120.64 13,691.60 19,107.10 93,445.90 35,541.47 58,370.73 

Rusizi  

FARMSIZE 0.96 0.87 0.55 1.39 1.54 0.90 



! !

142 
!

! Mean Std. Deviation !

! Action  Satellite  Control  Action  Satellite  Control  
OFFFARM 0.51 0.80 0.53 0.50 0.41 0.51 
FARMERMEB 0.16 0.13 0.03 0.37 0.35 0.18 
EXTENSION 2.30 3.50 2.30 4.55 9.74 5.28 
NGO 1.35 0.60 0.63 2.82 1.92 2.24 
CIALCA 0.51 0.20 0.00 0.50 0.41 0.00 
MOBILE 0.34 0.40 0.10 0.48 0.50 0.31 
RADIO 0.57 0.73 0.57 0.50 0.45 0.50 
TV 0.00 0.03 0.03 0.00 0.18 0.18 
INPUT 753.15 1,127.44 1,435.03 2,860.58 3,127.43 3,338.92 
MANURE 0.09 0.10 0.00 0.29 0.31 0.00 
NPK 0.03 0.10 0.07 0.16 0.31 0.25 
DAP 0.12 0.03 0.00 0.33 0.18 0.00 
PESTICIDE 0.05 0.03 0.03 0.23 0.18 0.18 
TSP 0.00 0.00 0.00 0.00 0.00 0.00 
UREA 0.03 0.03 0.00 0.16 0.18 0.00 
CRPPRODUCTIVITY 2,700.13 2,818.68 3,641.12 3,661.84 4,524.31 5,817.03 
SHARESOLD 20.00 18.04 11.79 23.25 25.94 13.59 
SHARECONSUMED 48.88 63.16 54.66 26.46 28.30 26.15 
CRPINCOME 980.43 200.66 1,725.24 3,265.08 2,230.23 6,310.06 
TINCOME 1,012.19 761.74 602.79 3,683.41 1,681.80 1,115.45 
PROTEIN 129.73 135.87 125.30 83.95 154.57 87.64 
HEADCOUNT  0.94 0.90 0.96 0.24 0.31 0.21 

 

POVERTYGAP 0.78 0.43 0.72 0.29 1.50 0.35 
South Kivu AGE 49.01 46.13 52.52 12.83 13.36 14.00 
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! Mean Std. Deviation !

! Action  Satellite  Control  Action  Satellite  Control  
GENDER 0.82 0.80 0.77 0.39 0.41 0.43 
EDUCATION0  0.41 0.07 0.38 0.50 0.26 0.50 
EDUCATION1  0.27 0.20 0.35 0.45 0.41 0.49 
EDUCATION2  0.27 0.67 0.23 0.45 0.49 0.43 
EDUCATION3  0.01 0.07 0.00 0.12 0.26 0.00 
EXPERIENCE 24.66 15.90 22.24 14.77 13.21 15.34 
EDUCTNME 2.97 3.53 4.04 1.78 1.73 1.40 
FAMLYSIZE 7.07 7.00 7.62 2.87 2.80 2.50 
ASSETS 483,653.44 368,396.01 290,709.67 1,897,798.21 1,118,234.47 820,687.39 
FARMSIZE 1.12 1.11 4.90 1.77 1.41 14.37 
OFFFARM 0.56 0.60 0.46 0.50 0.51 0.51 
FARMERMEB 0.47 0.80 0.85 0.50 0.41 0.37 
EXTENSION 1.41 2.40 3.38 2.45 3.09 5.28 
NGO 1.85 5.53 2.77 3.19 6.25 4.54 
CIALCA 0.63 0.73 0.69 0.49 0.46 0.47 
MOBILE 0.40 0.67 0.42 0.49 0.49 0.50 
RADIO 0.59 0.47 0.58 0.50 0.52 0.50 
TV 0.00 0.20 0.08 0.00 0.41 0.27 
INPUT 357.76 298.90 403.68 726.09 467.29 1,156.86 
MANURE 0.07 0.00 0.04 0.25 0.00 0.20 
NPK 0.03 0.20 0.04 0.16 0.41 0.20 
DAP 0.01 0.00 0.00 0.12 0.00 0.00 
PESTICIDE 0.00 0.00 0.00 0.00 0.00 0.00 

 

TSP 0.00 0.00 0.00 0.00 0.00 0.00 
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! Mean Std. Deviation !

! Action  Satellite  Control  Action  Satellite  Control  
UREA 0.00 0.00 0.00 0.00 0.00 0.00 
CRPPRODUCTIVITY 1,601.52 2,232.50 572.78 2,722.06 5,840.35 967.92 
SHARESOLD 25.55 19.86 22.63 27.99 18.80 19.53 
SHARECONSUMED 49.88 54.70 59.54 24.78 17.28 24.79 
CRPINCOME 790.98 999.48 377.68 1,968.91 2,153.61 2,923.28 
TINCOME 636.10 1,781.92 1,217.04 2,242.61 3,514.53 4,041.40 
PROTEIN 141.42 124.03 127.14 118.49 67.38 58.94 
HEADCOUNT  0.99 0.86 0.88 0.12 0.36 0.33 

 

POVERTYGAP 0.79 0.44 0.61 0.77 1.22 1.14 
AGE 48.75 52.34 54.16 13.88 13.76 14.77 
GENDER 0.93 0.88 0.89 0.26 0.34 0.32 
EDUCATION0  0.24 0.21 0.19 0.43 0.41 0.40 
EDUCATION1  0.43 0.35 0.48 0.50 0.49 0.51 
EDUCATION2  0.24 0.35 0.24 0.43 0.49 0.44 
EDUCATION3  0.00 0.00 0.00 0.00 0.00 0.00 
EXPERIENCE 25.23 29.63 32.68 13.05 16.93 15.08 
EDUCTNME 3.17 3.44 3.95 1.57 1.60 1.56 
FAMLYSIZE 6.29 6.26 5.90 2.13 2.76 2.55 
ASSETS 236.14 1,293.27 840.56 251.99 3,933.49 1,595.54 
FARMSIZE 1.46 3.15 1.52 1.94 11.00 1.16 
OFFFARM 0.44 0.74 0.48 0.50 0.45 0.51 
FARMERMEB 0.00 0.00 0.00 0.00 0.00 0.00 
EXTENSION 0.18 0.21 0.14 0.59 0.91 0.65 

North Kivu 

NGO 2.92 4.65 2.90 3.98 3.96 4.24 
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! Mean Std. Deviation !

! Action  Satellite  Control  Action  Satellite  Control  
CIALCA 0.97 0.91 0.62 0.17 0.29 0.50 
MOBILE 0.35 0.59 0.48 0.48 0.50 0.51 
RADIO 0.53 0.62 0.52 0.50 0.49 0.51 
TV 0.06 0.03 0.00 0.23 0.17 0.00 
INPUT 117.26 227.49 276.09 250.79 740.95 982.52 
MANURE 0.03 0.00 0.00 0.17 0.00 0.00 
NPK 0.00 0.00 0.00 0.00 0.00 0.00 
DAP 0.00 0.00 0.00 0.00 0.00 0.00 
PESTICIDE 0.01 0.03 0.00 0.12 0.17 0.00 
TSP 0.00 0.00 0.00 0.00 0.00 0.00 
UREA 0.00 0.00 0.00 0.00 0.00 0.00 
CRPPRODUCTIVITY 1,965.34 774.09 781.86 2,801.37 1,149.19 1,107.59 
SHARESOLD 31.31 43.97 33.94 23.14 18.72 22.94 
SHARE CONSUMED 54.64 35.19 32.27 21.02 22.24 21.73 
CRPINCOME 1,107.72 1,355.49 2,116.23 2,573.58 3,273.31 5,860.32 
TINCOME 10,063.65 684.71 728.50 73,269.77 1,105.05 705.53 
PROTEIN 155.44 237.40 191.67 114.33 143.62 126.94 
HEADCOUNT  0.94 0.94 0.81 0.23 0.24 0.40 

 

POVERTYGAP 0.62 0.65 0.48 0.95 0.47 0.69 
AGE 45.59 50.94 48.84 11.95 13.13 15.59 
GENDER 0.80 0.76 0.92 0.40 0.43 0.28 
EDUCATION0  0.09 0.09 0.00 0.29 0.29 0.00 
EDUCATION1  0.24 0.21 0.32 0.43 0.41 0.48 

Bas Congo 

EDUCATION2  0.61 0.65 0.60 0.49 0.49 0.50 
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! Mean Std. Deviation !

! Action  Satellite  Control  Action  Satellite  Control  
EDUCATION3  0.00 0.00 0.00 0.00 0.00 0.00 
EXPERIENCE 20.17 21.54 26.05 12.21 13.10 17.80 
EDUCTNME 3.04 3.09 3.04 1.56 1.42 1.72 
FAMLYSIZE 4.15 4.29 4.20 1.60 2.07 1.96 
ASSETS 2,680.96 2,039.19 590.32 7,743.70 5,960.72 1,744.95 
FARMSIZE 0.83 1.72 0.60 0.82 4.04 0.68 
OFFFARM 0.00 0.06 0.16 0.00 0.24 0.37 
FARMERMEB 0.44 0.76 0.20 0.50 0.43 0.41 
EXTENSION 0.72 0.38 0.88 1.17 0.70 1.13 
NGO 0.97 3.03 1.80 1.65 5.07 3.08 
CIALCA 0.29 0.09 0.08 0.46 0.29 0.28 
MOBILE 0.41 0.18 0.12 0.50 0.39 0.33 
RADIO 0.52 0.29 0.40 0.50 0.46 0.50 
TV 0.25 0.00 0.24 0.44 0.00 0.44 
INPUT 266.81 286.45 188.86 204.37 265.61 173.83 
MANURE 0.00 0.00 0.00 0.00 0.00 0.00 
NPK 0.00 0.03 0.00 0.00 0.17 0.00 
DAP 0.00 0.00 0.00 0.00 0.00 0.00 
PESTICIDE 0.00 0.00 0.00 0.00 0.00 0.00 
TSP 0.00 0.00 0.00 0.00 0.00 0.00 
UREA 0.00 0.00 0.00 0.00 0.00 0.00 
CRPPRODUCTIVITY 833.05 104.52 134.21 2,780.25 237.75 470.62 
SHARESOLD 35.44 32.58 45.06 33.47 29.59 34.95 

 

SHARECONSUMED 19.18 24.14 36.89 24.47 23.40 32.62 
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! Mean Std. Deviation !

! Action  Satellite  Control  Action  Satellite  Control  
CRPINCOME -48.41 -201.76 16.75 610.99 199.83 437.36 
TINCOME 384.29 395.56 439.70 501.74 462.41 288.89 
PROTEIN 99.51 72.68 116.01 90.63 34.49 137.30 
HEADCOUNT  0.93 0.82 0.94 0.25 0.39 0.24 

 

POVERTYGAP 0.67 0.52 0.71 0.46 0.65 0.30 
AGE 43.84 47.68 49.14 12.70 14.79 12.24 
GENDER 0.83 0.79 0.64 0.38 0.42 0.49 
EDUCATION0  0.17 0.29 0.29 0.38 0.46 0.46 
EDUCATION1  0.71 0.68 0.61 0.46 0.48 0.50 
EDUCATION2  0.08 0.00 0.07 0.27 0.00 0.26 
EDUCATION3  0.01 0.04 0.00 0.11 0.19 0.00 
EXPERIENCE 23.33 24.22 28.50 12.77 15.56 14.37 
EDUCTNME 3.11 2.79 3.29 1.13 1.07 1.27 
FAMLYSIZE 5.79 5.86 5.29 1.88 2.45 2.14 
ASSETS 68,012.22 83,687.92 13,588.31 308,549.43 175,288.81 42,651.49 
FARMSIZE 2.24 1.33 0.96 7.55 2.74 1.21 
OFFFARM 0.40 0.43 0.43 0.49 0.50 0.50 
FARMERMEB 0.53 0.50 0.18 0.50 0.51 0.39 
EXTENSION 3.09 3.21 4.43 3.66 4.44 5.82 
NGO 3.00 1.39 0.79 4.58 1.97 2.22 
CIALCA 0.53 0.07 0.14 0.50 0.26 0.36 
MOBILE 0.62 0.46 0.29 0.49 0.51 0.46 
RADIO 0.79 0.75 0.64 0.41 0.44 0.49 

Kigali -
Kibungo 

TV 0.01 0.04 0.04 0.11 0.19 0.19 
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! Mean Std. Deviation !

! Action  Satellite  Control  Action  Satellite  Control  
INPUT 608.83 656.00 7,605.35 1,557.17 1,896.67 37,878.79 
MANURE 0.10 0.07 0.07 0.31 0.26 0.26 
NPK 0.06 0.18 0.04 0.23 0.39 0.19 
DAP 0.18 0.11 0.00 0.39 0.31 0.00 
PESTICIDE 0.02 0.00 0.00 0.15 0.00 0.00 
TSP 0.03 0.00 0.00 0.18 0.00 0.00 
UREA 0.10 0.07 0.00 0.31 0.26 0.00 
CRPPRODUCTIVITY 2,554.72 3,065.47 2,472.85 4,553.87 6,302.64 4,422.33 
SHARESOLD 31.80 26.99 30.52 19.20 17.42 20.37 
SHARECONSUMED 48.76 58.11 54.01 20.27 23.96 16.11 
CRPINCOME 2,329.04 523.77 1,945.83 5,498.66 1,050.90 3,262.69 
TINCOME 358.24 381.35 235.06 487.50 462.51 249.98 
PROTEIN 96.15 74.75 89.49 63.83 30.13 58.80 
HEADCOUNT  0.98 0.96 0.89 0.15 0.19 0.32 

 

POVERTYGAP 0.73 0.82 0.58 0.72 0.25 0.86 
AGE 46.04 44.10 45.55 11.42 11.70 11.98 
GENDER 0.85 0.84 0.73 0.36 0.37 0.46 
EDUCATION0  0.31 0.19 0.23 0.47 0.40 0.43 
EDUCATION1  0.59 0.61 0.59 0.49 0.50 0.50 
EDUCATION2  0.05 0.13 0.05 0.23 0.34 0.21 
EDUCATION3  0.00 0.00 0.00 0.00 0.00 0.00 
EXPERIENCE 22.17 15.81 25.86 10.04 9.82 13.19 
EDUCTNME 3.01 3.58 2.55 1.18 1.61 1.71 

Umutara 

FAMLYSIZE 6.04 7.03 5.09 2.30 2.97 2.24 
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! Mean Std. Deviation !

! Action  Satellite  Control  Action  Satellite  Control  
ASSETS 47,372.28 35,468.86 7,114.48 162,902.79 46,060.89 16,371.30 
FARMSIZE 1.22 1.49 1.52 1.55 1.50 1.83 
OFFFARM 0.49 0.32 0.45 0.50 0.48 0.51 
FARMERMEB 0.30 0.29 0.41 0.46 0.46 0.50 
EXTENSION 4.70 3.06 4.45 8.96 4.00 7.48 
NGO 1.08 1.26 0.64 3.14 2.42 1.22 
CIALCA 0.34 0.03 0.00 0.48 0.18 0.00 
MOBILE 0.58 0.68 0.45 0.50 0.48 0.51 
RADIO 0.74 0.74 0.73 0.44 0.44 0.46 
TV 0.03 0.06 0.00 0.16 0.25 0.00 
INPUT 388.62 293.95 1,568.02 714.29 436.45 6,630.49 
MANURE 0.14 0.03 0.00 0.34 0.18 0.00 
NPK 0.04 0.10 0.09 0.20 0.30 0.29 
DAP 0.04 0.13 0.09 0.20 0.34 0.29 
PESTICIDE 0.03 0.00 0.09 0.16 0.00 0.29 
TSP 0.00 0.00 0.00 0.00 0.00 0.00 
UREA 0.07 0.13 0.05 0.25 0.34 0.21 
CRPPRODUCTIVITY 1,420.37 520.67 1,364.63 4,219.19 689.48 2,974.85 
SHARESOLD 34.12 32.77 47.28 25.68 27.35 21.72 
SHARECONSUMED 49.54 37.49 35.47 28.64 24.27 25.44 
CRPINCOME 559.68 81.05 952.28 2,294.63 585.19 2,362.60 
TINCOME 453.15 1,332.59 383.53 677.54 3,173.49 589.16 
PROTEIN 133.69 145.95 111.62 107.46 127.17 87.22 

 

HEADCOUNT  0.91 0.83 0.86 0.29 0.38 0.35 
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! Mean Std. Deviation !

! Action  Satellite  Control  Action  Satellite  Control  
 POVERTYGAP 0.72 0.55 0.34 0.45 0.55 2.04 

 
 



! !

151 
!

Table A 6: Mean of variables by adoption status  
! Mean  Std. Deviation  !

! Non adopter Adopter  Non adopter Adopter  
AGE 48.58 47.44 11.67 9.67 
GENDER 0.82 0.75 0.39 0.44 
EDUCATION0  0.28 0.09 0.45 0.30 
EDUCATION1  0.46 0.69 0.50 0.47 
EDUCATION2  0.07 0.19 0.26 0.40 
EDUCATION3  0.00 0.00 0.00 0.00 
EXPERIENCE 25.38 24.61 13.21 10.68 
EDUCTNME 2.74 3.03 1.50 1.62 
FAMLYSIZE 6.01 5.97 1.94 2.33 
ASSETS 9,759.01 33,747.71 34,022.18 112,074.16 
FARMSIZE 1.42 1.74 4.36 2.58 
OFFFARM 0.59 0.53 0.49 0.51 
FARMERMEB 0.33 0.56 0.47 0.50 
EXTENSION 2.99 6.25 5.99 9.44 
NGO 1.68 3.53 3.26 5.80 
CIALCA 0.36 0.81 0.48 0.40 
MOBILE 0.16 0.28 0.37 0.46 
RADIO 0.63 0.81 0.49 0.40 
TV 0.01 0.00 0.10 0.00 
INPUT 450.09 370.23 701.37 478.92 
MANURE 0.16 0.16 0.37 0.37 
NPK 0.04 0.22 0.20 0.42 

Gitega  

DAP 0.58 0.41 0.50 0.50 
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! Mean  Std. Deviation  !

! Non adopter Adopter  Non adopter Adopter  
PESTICIDE 0.03 0.06 0.17 0.25 
TSP 0.00 0.03 0.00 0.18 
UREA 0.03 0.25 0.17 0.44 
CRPPRODUCTIVITY 1,672.38 3,841.87 3,404.55 6,669.12 
SHARESOLD 12.77 20.63 18.81 18.68 
SHARECONSUMED 55.90 47.24 26.93 23.91 
CRPINCOME 441.73 921.56 2,696.22 1,829.16 
TINCOME 489.25 365.00 1,649.37 456.06 
PROTEIN 106.15 106.05 90.43 95.18 
HEADCOUNT  0.96 1.00 0.20 0.00 

 

POVERTYGAP 0.79 0.82 0.84 0.20 
AGE 45.22 45.48 13.24 14.44 
GENDER 0.77 0.80 0.42 0.41 
EDUCATION0  0.34 0.24 0.48 0.44 
EDUCATION1  0.50 0.52 0.50 0.51 
EDUCATION2  0.08 0.16 0.28 0.37 
EDUCATION3  0.00 0.00 0.00 0.00 
EXPERIENCE 24.00 21.83 13.72 14.15 
EDUCTNME 2.60 2.76 1.56 1.71 
FAMLYSIZE 5.65 5.80 2.43 2.66 
ASSETS 23,450.42 11,795.26 83,033.15 36,633.51 
FARMSIZE 0.90 0.66 1.44 0.74 
OFFFARM 0.57 0.64 0.50 0.49 

Rusizi  

FARMERMEB 0.12 0.16 0.33 0.37 
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! Mean  Std. Deviation  !

! Non adopter Adopter  Non adopter Adopter  
EXTENSION 1.94 5.32 4.74 10.11 
NGO 0.75 2.20 1.49 4.86 
CIALCA 0.30 0.44 0.46 0.51 
MOBILE 0.29 0.32 0.46 0.48 
RADIO 0.62 0.52 0.49 0.51 
TV 0.01 0.04 0.10 0.20 
INPUT 841.64 1,633.17 2,828.60 3,769.70 
MANURE 0.09 0.00 0.29 0.00 
NPK 0.06 0.04 0.23 0.20 
DAP 0.07 0.08 0.26 0.28 
PESTICIDE 0.05 0.04 0.21 0.20 
TSP 0.00 0.00 0.00 0.00 
UREA 0.03 0.00 0.16 0.00 
CRPPRODUCTIVITY 2,885.20 3,164.66 4,573.39 3,609.65 
SHARESOLD 16.92 21.59 21.96 23.91 
SHARECONSUMED 54.50 47.96 28.30 21.63 
CRPINCOME 1,206.64 -146.35 4,226.02 1,719.90 
TINCOME 920.56 672.35 3,233.78 754.87 
PROTEIN 121.54 165.38 82.24 165.84 
HEADCOUNT  0.94 0.91 0.24 0.29 

 

POVERTYGAP 0.68 0.67 0.86 0.47 
AGE 48.95 49.88 13.42 13.03 
GENDER 0.83 0.79 0.38 0.41 

South Kivu 

EDUCATION0  0.47 0.25 0.50 0.43 
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! Mean  Std. Deviation  !

! Non adopter Adopter  Non adopter Adopter  
EDUCATION1  0.27 0.28 0.45 0.45 
EDUCATION2  0.19 0.44 0.39 0.50 
EDUCATION3  0.02 0.02 0.13 0.13 
EXPERIENCE 25.84 20.41 14.52 14.84 
EDUCTNME 3.02 3.56 1.97 1.43 
FAMLYSIZE 6.88 7.49 2.84 2.68 
ASSETS 512,375.61 334,997.19 1,954,129.41 1,190,896.29 
FARMSIZE 1.56 2.34 4.31 8.92 
OFFFARM 0.49 0.60 0.50 0.49 
FARMERMEB 0.39 0.81 0.49 0.40 
EXTENSION 1.10 2.89 1.59 4.45 
NGO 1.85 3.25 3.46 4.69 
CIALCA 0.58 0.74 0.50 0.44 
MOBILE 0.37 0.51 0.49 0.50 
RADIO 0.51 0.63 0.50 0.49 
TV 0.02 0.07 0.13 0.26 
INPUT 320.74 400.05 785.27 822.47 
MANURE 0.03 0.07 0.18 0.26 
NPK 0.00 0.11 0.00 0.31 
DAP 0.00 0.02 0.00 0.13 
PESTICIDE 0.00 0.00 0.00 0.00 
TSP 0.00 0.00 0.00 0.00 
UREA 0.00 0.00 0.00 0.00 

 

CRPPRODUCTIVITY 1,427.04 1,478.92 2,644.07 3,470.84 
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! Mean  Std. Deviation  !

! Non adopter Adopter  Non adopter Adopter  
SHARESOLD 21.16 27.43 26.76 23.39 
SHARECONSUMED 55.79 49.46 27.25 20.04 
CRPINCOME 934.57 523.14 2,135.46 2,279.79 
TINCOME 694.50 1,175.56 2,573.53 3,217.48 
PROTEIN 157.69 115.48 111.52 89.44 
HEADCOUNT  0.95 0.94 0.23 0.23 

 

POVERTYGAP 0.74 0.66 0.77 1.06 
AGE 52.17 47.05 13.77 14.19 
GENDER 0.88 0.97 0.33 0.17 
EDUCATION0  0.24 0.18 0.43 0.39 
EDUCATION1  0.42 0.41 0.50 0.50 
EDUCATION2  0.24 0.33 0.43 0.48 
EDUCATION3  0.00 0.00 0.00 0.00 
EXPERIENCE 28.63 25.42 14.90 14.16 
EDUCTNME 3.43 3.23 1.60 1.58 
FAMLYSIZE 6.34 5.95 2.51 2.00 
ASSETS 521.84 838.54 2,051.38 2,429.18 
FARMSIZE 2.14 1.43 7.00 1.44 
OFFFARM 0.48 0.64 0.50 0.49 
FARMERMEB 0.00 0.00 0.00 0.00 
EXTENSION 0.18 0.18 0.64 0.82 
NGO 3.08 4.05 3.83 4.51 
CIALCA 0.89 0.92 0.32 0.27 

North Kivu 

MOBILE 0.38 0.56 0.49 0.50 
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! Mean  Std. Deviation  !

! Non adopter Adopter  Non adopter Adopter  
RADIO 0.56 0.54 0.50 0.51 
TV 0.00 0.13 0.00 0.34 
INPUT 223.78 58.54 691.72 43.54 
MANURE 0.02 0.00 0.15 0.00 
NPK 0.00 0.00 0.00 0.00 
DAP 0.00 0.00 0.00 0.00 
PESTICIDE 0.01 0.03 0.11 0.16 
TSP 0.00 0.00 0.00 0.00 
UREA 0.00 0.00 0.00 0.00 
CRPPRODUCTIVITY 1,611.75 1,087.40 2,542.73 1,617.39 
SHARESOLD 33.36 39.21 23.25 20.36 
SHARE CONSUMED 46.10 45.16 25.45 19.07 
CRPINCOME 1,504.11 966.81 3,660.26 2,987.22 
TINCOME 8,142.06 498.13 64,903.56 541.20 
PROTEIN 165.75 219.13 114.58 149.07 
HEADCOUNT  0.92 0.92 0.28 0.27 

 

POVERTYGAP 0.55 0.72 0.95 0.28 
AGE 48.18 45.63 13.31 12.52 
GENDER 0.78 0.91 0.41 0.30 
EDUCATION0  0.09 0.03 0.29 0.18 
EDUCATION1  0.26 0.19 0.44 0.40 
EDUCATION2  0.59 0.72 0.49 0.46 
EDUCATION3  0.00 0.00 0.00 0.00 

Bas Congo 

EXPERIENCE 23.05 15.56 13.91 11.43 
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! Mean  Std. Deviation  !

! Non adopter Adopter  Non adopter Adopter  
EDUCTNME 2.98 3.28 1.60 1.35 
FAMLYSIZE 4.08 4.56 1.71 1.98 
ASSETS 1,744.55 3,350.55 6,186.51 7,697.72 
FARMSIZE 0.98 1.11 2.43 1.07 
OFFFARM 0.06 0.00 0.24 0.00 
FARMERMEB 0.40 0.72 0.49 0.46 
EXTENSION 0.74 0.44 1.11 0.91 
NGO 1.64 1.69 3.50 2.15 
CIALCA 0.19 0.25 0.39 0.44 
MOBILE 0.27 0.38 0.45 0.49 
RADIO 0.44 0.44 0.50 0.50 
TV 0.20 0.16 0.40 0.37 
INPUT 239.57 308.00 224.27 194.83 
MANURE 0.00 0.00 0.00 0.00 
NPK 0.01 0.00 0.10 0.00 
DAP 0.00 0.00 0.00 0.00 
PESTICIDE 0.00 0.00 0.00 0.00 
TSP 0.00 0.00 0.00 0.00 
UREA 0.00 0.00 0.00 0.00 
CRPPRODUCTIVITY 570.54 349.78 2,407.36 556.53 
SHARESOLD 34.54 40.36 33.16 31.74 
SHARECONSUMED 24.28 19.96 27.91 20.93 
CRPINCOME -14.75 -199.26 587.15 277.05 

 

TINCOME 420.84 336.29 538.50 232.59 
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! Mean  Std. Deviation  !

! Non adopter Adopter  Non adopter Adopter  
PROTEIN 96.93 91.91 103.11 52.40 
HEADCOUNT  0.89 0.93 0.31 0.25 

 

POVERTYGAP 0.62 0.68 0.57 0.26 
AGE 44.96 46.39 13.35 12.99 
GENDER 0.75 0.82 0.44 0.39 
EDUCATION0  0.29 0.13 0.46 0.34 
EDUCATION1  0.67 0.70 0.47 0.46 
EDUCATION2  0.01 0.12 0.11 0.33 
EDUCATION3  0.01 0.01 0.11 0.12 
EXPERIENCE 24.72 24.30 13.88 13.61 
EDUCTNME 2.91 3.28 1.21 1.04 
FAMLYSIZE 5.49 5.96 2.27 1.75 
ASSETS 15,217.44 111,729.88 42,118.73 362,709.08 
FARMSIZE 1.80 1.82 6.66 5.30 
OFFFARM 0.46 0.36 0.50 0.48 
FARMERMEB 0.33 0.60 0.47 0.49 
EXTENSION 3.03 3.78 3.79 4.83 
NGO 1.07 3.60 2.32 4.83 
CIALCA 0.17 0.58 0.38 0.50 
MOBILE 0.41 0.66 0.49 0.48 
RADIO 0.71 0.81 0.46 0.40 
TV 0.03 0.01 0.16 0.12 
INPUT 3,183.61 631.82 23,009.47 1,760.21 

Kigali -
Kibungo 

MANURE 0.07 0.12 0.25 0.33 
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! Mean  Std. Deviation  !

! Non adopter Adopter  Non adopter Adopter  
NPK 0.08 0.07 0.27 0.26 
DAP 0.05 0.22 0.22 0.42 
PESTICIDE 0.00 0.03 0.00 0.17 
TSP 0.01 0.03 0.11 0.17 
UREA 0.03 0.13 0.16 0.34 
CRPPRODUCTIVITY 2,451.19 2,851.40 4,664.07 5,154.10 
SHARESOLD 28.74 32.72 20.41 17.34 
SHARECONSUMED 55.15 47.60 22.40 17.47 
CRPINCOME 2,114.61 1,718.45 5,084.88 4,116.51 
TINCOME 275.81 403.41 338.92 529.81 
PROTEIN 85.14 96.69 49.06 66.28 
HEADCOUNT  0.96 0.95 0.20 0.21 

 

POVERTYGAP 0.76 0.67 0.54 0.82 
AGE 46.15 43.92 11.82 10.79 
GENDER 0.78 0.95 0.42 0.23 
EDUCATION0  0.30 0.18 0.46 0.39 
EDUCATION1  0.58 0.63 0.50 0.49 
EDUCATION2  0.06 0.11 0.23 0.31 
EDUCATION3  0.00 0.00 0.00 0.00 
EXPERIENCE 22.32 18.57 10.60 11.69 
EDUCTNME 2.89 3.50 1.43 1.31 
FAMLYSIZE 5.98 6.45 2.67 2.16 
ASSETS 43,856.01 22,589.93 149,838.30 35,403.57 

Umutara 

FARMSIZE 1.32 1.38 1.67 1.37 
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! Mean  Std. Deviation  !

! Non adopter Adopter  Non adopter Adopter  
OFFFARM 0.42 0.50 0.50 0.51 
FARMERMEB 0.27 0.42 0.45 0.50 
EXTENSION 4.71 3.21 8.93 3.64 
NGO 0.79 1.66 1.95 3.95 
CIALCA 0.15 0.34 0.36 0.48 
MOBILE 0.53 0.71 0.50 0.46 
RADIO 0.69 0.87 0.47 0.34 
TV 0.03 0.03 0.18 0.16 
INPUT 592.61 516.44 3,318.03 804.10 
MANURE 0.07 0.13 0.25 0.34 
NPK 0.02 0.16 0.15 0.37 
DAP 0.06 0.11 0.23 0.31 
PESTICIDE 0.02 0.05 0.15 0.23 
TSP 0.00 0.00 0.00 0.00 
UREA 0.07 0.11 0.25 0.31 
CRPPRODUCTIVITY 971.67 1,705.04 3,064.09 4,279.38 
SHARESOLD 35.82 36.75 25.96 25.72 
SHARECONSUMED 44.26 44.25 27.96 27.38 
CRPINCOME 697.03 91.53 2,345.35 951.91 
TINCOME 648.17 693.18 1,972.24 932.73 
PROTEIN 121.18 159.29 69.50 167.08 
HEADCOUNT  0.91 0.82 0.29 0.39 

 

POVERTYGAP 0.73 0.33 0.37 1.62 
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Appendix 5: Diagnostic of propensity score matching procedure 
Normally the quality of the matching estimations relies on the validity of the conditional 

independence assumption which basically guarantees groups are as similar as possible. Error! 

Reference source not found. displays results from covariate balancing tests before and after 

matching. The pseudo-  dropped significantly from 0.16 before matching to about 0.00- 0.03 after 

matching. The p-values of the likelihood ratio tests before matching are highly significant indicating 

that the joint significance is never rejected, whereas it is always rejected after matching. The 

standardized mean difference for overall covariates used in the propensity score is also reduced 

significantly after matching. This reduces total bias, in the range of 64-70 % through matching. 

The low pseudo- , low mean standardized bias, high total bias reduction, and the insignificant p-

values of the likelihood ratio test after matching all support the hypothesis that both groups have the 

same distribution in covariates X after matching. These results indicate that the proposed 

specification of the propensity score is fairly successful in terms of balancing the distribution of 

covariates between the two groups. As indicated by the average standardized bias measure, nearest 

neighbor matching has the best matching quality. 

 

Table A 7: Matching quality indicators before and after matching 

Matching 
algorithm 

Pseudo 

before 
matching 

Pseudo 

after  
matching 

LR 
 (p-value) 

before 
matching 

LR 

after 
matching  

Mean 
standardized 
bias before 
matching 

Mean 
standardized 
bias  after 
matching 

Total % 
bias 
reduction 

NNM1 0.16 0.03 135.25 (p = 
000)*** 18.83 (0.81) 20.62 6.21 70 

NNM2 0.16 0.03 135.25 (p = 
000)*** 18.83 (0.81) 20.62 6.21 70 

KBM3 0.12 0.02 100.02 (p = 
000)*** 15.89 (0.67) 17.98 6.49 64 

KBM4 0.12 0.02 100.02 (p = 
000)*** 15.89 (0.67) 17.98 6.49 64 

NNM1= Two nearest neighbor matching with replacement, common support. 
NNM2 = Six nearest neighbor matching with replacement, common support. 
KBM3 = kernel based matching with band width 0.06, common support. 
KBM4 = kernel based matching with band width 0.03, common support. 
SE- robust standard errors, Statistical significance at the 0.01 (***), 0.05 (**), 0.1 (*) level of 

probability 
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Table A 8: Crop productivity, protein intake and incidence of poverty after matching 
(Adoption from 2006 to 2010). 
!

Mean of outcome variables Method Outcome 
Non-adopters 
n=528 

Adopter n= 121 
Difference = average 
treatment effect on the 
treated (ATT) 

NNM1 CRPPRODUCTIVITY 1,826.12 1,767.09 -59.03 
 CRPINCOME 857.42 838.36 -19.05 
 PROTEIN 121.88 144.54 22.65* 
 HEADCOUNT  0.96 0.92 -0.04* 
 POVERTYGAP 0.76 0.61 -0.14* 
NNM2 CRPPRODUCTIVITY 1851.58 1767.09 -84.49 
 CRPINCOME 910.47 838.36 -72.10 
 PROTEIN 122.37 144.54 22.16* 
 HEADCOUNT  0.95 0.92 -0.02 
 POVERTYGAP 0.71 0.61 -0.10 
KBM3 CRPPRODUCTIVITY 2027.99 2093.80 65.80 
 CRPINCOME 1130.08 825.39 -304.68 
 PROTEIN 117.43 145.01 27.58** 
 HEADCOUNT  0.95 0.92 -0.03 
 POVERTYGAP 0.75 0.61 -0.13* 
KBM4 CRPPRODUCTIVITY 2027.99 2093.80 65.80 
 CRPINCOME 1,130.08 825.39 -304.68 
 PROTEIN 117.43 145.01 27.58** 
 HEADCOUNT  0.95 0.92 -0.03 
 POVERTYGAP 0.73 0.61 -0.11* 

NNM1= Two nearest neighbor matching with replacement, common support. 
NNM2 = Six nearest neighbor matching with replacement, common support. 
KBM3 = kernel based matching with band width 0.06, common support. 
KBM4 = kernel based matching with band width 0.03, common support. 
SE- robust standard errors, Statistical significance at the 0.01 (***), 0.05 (**), 0.1 (*) level of probability 
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Appendix 6: Nutrition and food security by site location and country 
 

 
Figure A 1: Perception on change in food security over the last 3 year by country and site 
location 
!

!
!
!
Figure A 2: Percentages of households by calories intake status and by site location 
!
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Figure A 3: Percentages of households by protein intake status and by site location 
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