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Novel IPM Intervention in West Africa: Smallholder Farmers’ Preferences for Biological 

versus Synthetic Control Strategies for Cowpea Pests 
 
 
 
 
 
 
 

Abstract 
Cowpeas are a critical crop for food and income security for millions of people in Africa. Insect 
pests, however, are a major production constraint causing over 50% yield losses. Farmers 
indiscriminately apply expensive synthetic pesticides in spite of attendant health and 
environmental risks. Recognizing that current chemical control methods are costly and 
unsustainable for resource-poor farmers, an innovative integrated pest management strategy based 
on biocontrol agents is being explored for West Africa. Therefore, the objective of this study was 
to predict potential adoption of the innovative biocontrol strategy by determining important factors 
that explain farmers’ pest control decisions. To this end, we designed a choice experiment survey 
for 505 cowpea farmers in Benin. A conditional logit model was estimated. Survey findings 
indicate that farmers are aware of health hazards but persistently apply chemical pesticides out of 
necessity. Also, model results reveal that important factors driving pest control decisions include 
costs, labor, and potential yield losses. Finally, we show that social norms could be leveraged to 
enhance adoption of the biocontrol method. These findings have promising implications for on-
going efforts to develop and disseminate sustainable biocontrol strategies that are eco-friendly and 
cost effective for smallholder farmers.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Keywords: discrete choice experiment, IPM, biological control, cowpea, West Africa. 
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1. Introduction 
Cowpea is among the key food staples in West Africa, providing nutrition and employment for 
millions of people across the sub-region. Production of cowpea occurs predominantly on small-
scale farms owned and operated by resource-poor households across Sub-Saharan Africa (SSA). 
However, the cowpea sector in Africa faces numerous constraints with insect pests as one of the 
most critical problems undermining the economic potential of this crop. It is estimated that average 
cowpea pest pressure, particularly from the legume pod borer Maruca vitrata, causes nontrivial 
yield losses in excess of 50% - 80% (Coulibaly et al., 2008; Dugje et al., 2009). To prevent severe 
damage to cowpea crops, smallholder farmers typically respond to pest attacks by applying a 
variety of broad spectrum synthetic pesticides often without following recommended application 
rates. Although chemical pesticides have been instrumental in global crop protection efforts, 
persistent and indiscriminate application make them expensive and unsustainable for resource-
constrained farmers in the developing world. Moreover, chemicals in synthetic pesticides pose 
serious health and environmental hazards owing to pervasive exposure in food supply chains 
worldwide (Pingali, Marquez and Palis, 1994; Song and Swinton, 2009; Kouser and Qaim, 2013). 
Based on the WHO classification of pesticides, active ingredients found in the mix of synthetic 
pesticides commonly applied by cowpea producers across SSA are considered highly or 
moderately toxic (WHO, 2010).  

Against this background, there is a critical need to explore more sustainable pest control 
strategies that promise effective protection from pest damage, are affordable to resource-
constrained farm households, and are safer for public health and the environment. In light of the 
foregoing, biological pest control strategies –– involving natural enemies (parasitoids) combined 
with botanical and pathogenic biopesticides –– have been identified as important components that 
could be utilized in an integrated pest management (IPM) framework suitable for smallholder 
farmers in Africa.  Owing to the crucial contribution of grain legumes to food security in Africa, a 
collaborative research effort is currently developing an innovative IPM package that emphasizes 
biological pest control strategies aided by 21st century decision support smartphone technology 
specially designed for smallholder farmers. This novel IPM project involves a classical biological 
pest control strategy where highly specific parasitoids of the notorious cowpea pest, Maruca 
vitrata, are imported from their origins in Asia and subsequently introduced into their new 
environment in West Africa. As part of this biological pest control program, mass releases of the 
parasitoids will be complemented with applications of botanical and viral biopesticides, rather than 
chemical pesticides, in order to effectively control devastating pest attacks in a more sustainable 
fashion. In addition, the project is developing a farmer-friendly cellphone application that will 
enable cowpea producers to monitor and report pest pressure on their farms at any given time 
during the cropping season and, in turn, receive customized pest control recommendations in real 
time based on their input data. Unlike conventional chemical pest control strategies, biocontrol 
methods do not require high investments by farmers and such crop protection strategies have been 
shown to be safe for humans and the environment. 
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The primary goal of this study is to predict potential adoption of the innovative biological pest 
control method targeting cowpea producers in West Africa by understanding important factors that 
explain farmers’ pest control decisions. Also, the study analyzes smallholder farmers’ awareness 
of adverse health and environmental effects associated with chemical pest control strategies.  

 
2. Making IPM Accessible to Smallholder Farmers in Africa   

Since the 1960’s, extensive attempts have been made to reduce volumes of broad-spectrum 
synthetic pesticides in crop protection efforts through development and promotion of integrated 
pest management (IPM) strategies worldwide (Huis and Meerman, 1997). IPM strategies, 
however, are a system of complex pest management requiring multi-faceted approaches such as 
timing of planting and harvesting; growing resistant varieties; identifying pests and understanding 
life cycles and pests’ interactions with natural enemies and climate change dynamics; constant 
pests monitoring; and understanding decision rules to avoid economic damage to crops (Bajwa 
and Kogan, 2002).  Thus, inherently IPM approaches are highly scientific and information-
intensive. Although IPM implementation successes have been achieved by commercial farmers in 
advanced economies, standard IPM procedures are largely beyond the reach of farmers across 
Africa given that low-literate smallholder farmers in developing countries face several structural 
limitations that make standard IPM impractical to implement.  

Therefore, bringing IPM closer to smallholder farmers is the main motivation for the 
innovative IPM package based on biological control agents (wasps), biopesticides using Maruca-
specific virus and indigenous Neem oil, as well as a farmer-friendly cellphone technology that 
would guide farmers to take informed decisions on sustainable pest control options.  

 
3. Theoretical/Conceptual Framework 

Farmer utility maximization provides the theoretical foundation for this study. As a result, farm 
households’ decisions regarding potential adoption of the biological pest control strategy are 
analyzed based on Lancaster’s (1966) framework of consumer demand, and McFadden’s (1974) 
Random Utility theory for modelling discrete choice problems. 

3.1 Random Utility and Discrete Choice Models 
To understand cowpea farmers’ preferences in order to predict adoption of the biological control 
intervention, we designed and implemented a survey-based discrete choice experiment. The choice 
experiment model is derived from the theory that individuals attain utility directly from 
characteristics of goods (and services) rather than the good itself (Lancaster, 1966). This implies 
that people assess the features of a good or service in the context of their contribution to utility 
maximization objectives. Following this foundation, the Random Utility theory indicates that 
when individuals are faced with choice decisions among alternative products or services, they 
choose the product that provides maximum utility (McFadden, 1974; De Groote et al., 2003; Boys 
et al. 2004; Kanninen, 2007; Bennett and Birol, 2010). Therefore, this study analyzes choice 
experiment data based on the assumption that cowpea farmers would choose the pest control 
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alternative (after assessing its attribute levels) that yields the maximum utility given the 
household’s income constraints. 

Although a decision-maker knows his/her utility with certainty, the analyst observes the decision-
maker’s utility with some error. To characterize this, a farmer’s utility is specified as consisting of 
a deterministic part (comprising of attributes of the chosen pest control alternative as well as 
observable characteristics of the decision-maker), and a stochastic/error component (which is a 
function of all unexplainable factors that influence the decision-maker’s choices). That is, 
individual i derives utility from the chosen alternative j as follows:  
𝑈𝑈𝑖𝑖𝑖𝑖 = 𝑉𝑉�𝑍𝑍𝑖𝑖 ,𝑋𝑋𝑖𝑖� +  Ɛ𝑖𝑖𝑖𝑖                                                                                                                               (1) 

where 𝑈𝑈𝑖𝑖𝑖𝑖 is the additive utility that individual i derives from the chosen pest control alternative j;   
V is the deterministic component which is a function of 𝑍𝑍𝑖𝑖 (the observable alternative-specific 
characteristics or attributes of a given pest control option such as cost) and 𝑋𝑋𝑖𝑖   (the individual-
specific characteristics, for example socio-demographic factors such as  age, gender, income, and 
farm/pest management characteristics that could explain any observable preference heterogeneity 
among individuals); Ɛ𝑖𝑖𝑖𝑖 is the error term representing the stochastic component of the utility 
function (i.e. containing random/unobservable factors affecting individuals’ utility); and subscripts 
i and j denote the individual decision-maker and the chosen alternative, respectively.  

Given that utility 𝑈𝑈𝑖𝑖𝑖𝑖 is not directly observable due to its stochastic component, researchers 
observe the probability 𝑃𝑃𝑖𝑖𝑖𝑖 of individual i choosing alternative j as follows:  

𝑃𝑃𝑖𝑖𝑖𝑖 =        
exp (𝑉𝑉�𝑍𝑍𝑖𝑖 ,𝑋𝑋𝑖𝑖�)

� exp (𝑉𝑉(𝑍𝑍𝑘𝑘,𝑋𝑋𝑖𝑖))𝐽𝐽
𝑘𝑘=1

                                                                                                       (2) 

As a result, we estimate a logit model by expressing the choice probability as following a logistic 
distribution. Empirically, farmers’ preferences for the biological pest control strategy are estimated 
from the choice experiment data using conditional logit models to determine pest control attributes, 
as well as farmers’ characteristics that may influence preferences for the biological pest control 
strategy.  

 

4. The Choice Experiment Method 
We designed and implemented a choice experiment eliciting farmers’ stated preferences for the 
biological pest control strategy compared to existing pest control methods based on chemical 
pesticides.  
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4.1 Selection of Pest Control Attributes 
In the choice experiment, we incorporated relevant pest control characteristics (attributes) 
systematically identified through the following attribute selection steps: 
i) The process began with a thorough review of literature on discrete choice experiments, and 
biological pest control strategies in the context of integrated pest management. 
ii) Next, a reconnaissance survey was conducted in Benin to seek input from key informants in 
cowpea-producing communities, selected cowpea growers, and local cowpea field researchers. 
First, we had interactions with field researchers at the International Institute of Tropical 
Agriculture (IITA) station in Benin as well as the national agricultural research institute (i.e. 
Institut National des Recherches Agricoles du Bénin; INRAB). Second, we embarked on field 
visits across South and Central Benin where we had extensive interactions with cowpea farmers, 
both in separate individual meetings and in focus group discussions. From this exploratory survey, 
we discovered that one prominent feature of the conventional synthetic pest control method that is 
desirable for farmers is that it is effective against crop pests compared to homemade botanical 
biopesticides typically prepared by farmers themselves using papaya and neem extracts. Thus, we 
noted that farmers perceive homemade biopesticide pest control methods as risky in terms of 
effectively controlling pest pressure and safeguarding crop yield (compared to synthetic 
pesticides). Also, cowpea farmers mentioned to the research team that synthetic pesticides are 
conveniently available in local markets in packaged forms, whereas farmers who choose to apply 
biopesticides must prepare botanical extracts themselves through time-consuming and labor-
intensive processes.  

At the end of the reconnaissance survey, it became apparent that the attributes of pest 
control methods that are of concern to cowpea farmers in Benin include the following:  potential 
yield loss, costs associated with controlling pest pressure on cowpea fields, and the labor input that 
would be required to carry out the pest control strategy. After identifying these three key attributes 
of pest control, we also sought information from the cowpea farmers and field researchers on the 
range of plausible attribute levels to consider when designing pest control scenarios for the choice 
experiment.  

Below, we describe the pest control attributes identified and employed in the design of the 
choice experiment: 
Cost –– This is the total expenditure on pest control materials, whether synthetic chemicals or 
botanical/virus biopesticides, for a given land area planted to cowpea. In the case of the biological 
pest control method, the rearing and release of parasitoids is considered a public good at no cost 
to the private farmer. The cost of pest control as defined here excludes labor and equipment costs. 
Price information on synthetic pesticides commonly used by cowpea farmers in Benin provided 
guidance for selecting the range of costs for botanical/virus biopesticides. A major component of 
the cost attribute is the quantity (volume) of the chemicals or biopesticides purchased to control 
pest pressure throughout the cowpea growing season. Cost is measured in the local currency 
FCFA. 
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Labor requirement –– Another key attribute that appeared to affect farmers’ decisions on preferred 
crop protection methods is the labor input required to implement a given pest control strategy. 
From farmers’ experiences, the exclusive use of homemade plant-based biopesticides requires 
greater labor input compared to synthetic chemical pesticides; owing to the former’s higher 
frequency of applications to achieve desired results. For example, field interactions with farmers 
indicated that achieving effective pest control with the homemade plant-based biopesticides often 
requires greater number of applications per season (about 6 times) compared to synthetic pesticides 
(3-4 times). Furthermore, biopesticide control methods require additional labor input to regularly 
scout for pest pressure of economic importance in order to avoid economic damage to field crops. 
Therefore, in the biological control approach, if the biocontrol agents successfully suppress the 
cowpea pest population, labor input needed for the application of complementary biopesticides 
would be greatly reduced. Conversely, poor establishment of the parasitoids would lead to 
increased labor demand to apply larger volumes of biopesticides to control the prevalence of 
cowpea pests.  
Yield loss –– From the exploratory survey, loss of cowpea grain yield emerged as one of the pest 
control attributes of utmost concern to farm households in Benin. Values for the yield loss attribute 
employed in the choice experiment reflect expected cowpea grain losses associated with the 
different pest control strategies. Thus, less effective pest control methods are associated with larger 
yield losses of cowpea grains.   

 
4.2 Design of the Choice Experiment 

Discrete choice experiment designs have evolved tremendously over the years. There are dedicated 
experimental design softwares that employ computer algorithms to generate D-optimal designs 
thereby producing minimum number of attribute combinations that enable efficient estimation of 
attribute parameters (Johnson et al., 2013).  In this study, we used the Ngene experimental design 
software to derive nine (9) choice scenarios based on a D-optimal design criterion using maximum 
likelihood models. The resulting choice scenarios are labeled as the biological pest control strategy 
(wasps complemented with neem oil biopesticide fortified with Maruca-specific virus), and 
blocked into 9 different questionnaires. Each of the survey respondents was randomly assigned to 
only one of the generated choice scenarios.  

Accounting for possible heterogeneity in existing pest control methods in Benin, each 
farmer’s own pest control method was used as the status quo (or reference alternative) control 
strategy when the scenarios were presented to the respondents in the choice experiment. Thus, the 
reference pest control alternative was a given farmer’s own existing pest control method (i.e. 
respondent’s unique status quo option). The choice experiment implemented in this study, 
therefore, involves two alternative-specific pest control options; biocontrol strategy versus existing 
chemical pest control method (i.e. labeled choice alternatives)2.   
 

                                                           
2 The word ‘biocontrol’ and the expression ‘biological pest control’ are used interchangeably. 
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4.3 Interviewer Training and Pretesting Questionnaire  
Following the design of the choice experiment and generation of pest control scenarios, structured 
survey questionnaires were drafted for pretesting on selected cowpea growers in Benin. Prior to 
commencement of the actual survey data collection, we followed the procedure below to ensure 
quality data:  
a) An experienced field team was assembled in Benin to carry out the survey data collection. The 
team comprised of seven (7) local enumerators and three (3) supervisors. 
b) Intensive interviewer-training sessions were organized for the enumerators. Contents of the 
survey questionnaires were covered in detail from questions on baseline information (household 
socioeconomic characteristics, cowpea production data and existing pest management features) as 
well as explanation of the biocontrol program and presentation of the choice experiment questions 
to survey participants. In addition to the thorough review of the survey instruments, enumerators 
were trained on electronic mobile data collection technology using ODK (Open Data Kit) Collect 
application installed on tablets.  
c) During the pretests, we interviewed 49 cowpea producers selected from 3 farming communities, 
namely Adja-Zounmé and Dodji-Gamgban in the Southern zone of Benin, and Camp pionier 
located in the Northeastern part of the country. 
d) At the end of the pretests exercise, detailed debriefing interviews were held with the enumerators 
to refine the questionnaire. Useful information gathered from the pretests and the post-pretest 
discussions with enumerators greatly improved clarity of the electronic questionnaire; questions 
were reconstructed and attribute levels used in the choice experiment were adapted. 
 

5. Implementation of Baseline and Choice Experiment Survey 
The research focuses on the population of smallholder cowpea farmers across Benin. 
 

5.1 Study Areas and Sampling Procedure 
Geographical coverage of the field survey is based on distribution of release sites designated for 
mass deployments of the biological control agents (parasitoids) of the cowpea pest Maruca vitrata. 
Parasitoid release sites, therefore, serve as study areas for the present research. To ensure effective 
spatial spread of the parasitoids following field releases, biocontrol experts at the IITA station in 
Benin have stratified the country into three (3) zones, namely South, Center, and North. 
Subsequently, ecological entomologists have purposively identified 12 potential parasitoid release 
sites across Benin based on availability and abundance of alternative host plants (such as 
Lonchocarpus sericeus, Lonchocarpus cyanescens, Pterocarpus santalinoides and Thephrosia 
spp) in wild vegetation for both the Maruca pest and the parasitoids. Figure 1 is a map of Benin 
showing the distribution of study areas (release sites) across the country.  

Each of the 3 geographic zones has 4 selected study areas serving as potential sites for 
actual parasitoid releases. Out of the 4 potential release areas within a given geographic zone, 2 
areas have been randomly selected where the actual mass deployments of the biocontrol agents 
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will occur. Thus, actual parasitoid releases will be carried out in 6 of the 12 designated release 
areas. 

 

Figure 1. Map of Benin Showing Study Areas Selected for the Baseline Survey, 2015 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Source: Biocontrol Unit, IITA-Benin, 2015 
 
Households in farming communities/villages located within a 25 km (15.5 miles) radius from each 
of the actual parasitoid release sites are assigned as the Treatment Group, whereas the 
corresponding Control Group consists of households from farming communities located within a 
25 km radius from each of the other 6 potential release sites that were not selected for actual 
parasitoid deployments.  
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Stratified and random sampling procedures were employed to narrow down from the listed 
geographic areas, to the village level, and eventually to the sample of farm households interviewed 
in Benin. On the selection of villages, we obtained sample frames by contacting local CARDER 
offices for lists of prominent cowpea-producing villages located within a radius of 25 km (15.5 
miles) from reference points in each of the 12 study areas. From these lists, we randomly selected 
2 major cowpea-producing villages from each study area to participate in the survey (see Appendix 
1 for names of the selected villages, as well as GPS coordinates of the study areas where villages 
were sampled from). At the household level, in order to avoid possible sample selection bias due 
to unavailability of exhaustive/inclusive lists of households within the villages, we selected 
cowpea-producing households by employing a systematic sampling technique. Specifically, in 
each village, we obtained estimates of the number of households from community leaders. The 
survey team divided the number of households by 21 to arrive at numbers used as intervals between 
selected households. The denominator 21 represents a predetermined number of households 
interviewed in each selected village. To illustrate the household sampling procedure, suppose a 
given village has 105 households so that dividing by 21 gives 5 as the sampling interval. This 
means an enumerator would randomly select and interview the first household then move on to 
interview every 5th household located in an imaginary line. In all, a total of 505 households were 
sampled from 24 rural farming communities to participate in the survey.   
 

5.2 Data Collection and Sequential Updating of Experimental Design 
The survey implementation period covered approximately 8 weeks from May through to July, 
2015. Face-to-face interviews were conducted with household members who identified themselves 
as primarily responsible for their households’ cowpea production decisions. 

In the baseline part of the survey questionnaire, we documented current and past cowpea 
production practices including pest incidence/prevalence, pest control strategies, self-assessments 
of existing pest management approach, production cost profiles, yield levels, prices, sources of 
household income (both farm and non-farm), access to agricultural credit, participation in any pest 
management training events or past IPM programs such as those introduced under the PRONAF 
project (Projet Niébé pour l’Afrique), cash expenditures, household  assets, socio-demographic 
characteristics, household vulnerability to food insecurity.  

Regarding the choice experiment section of the survey, the innovative biocontrol program 
was introduced to the respondents in an interactive manner. With the aid of carefully prepared 
scripts, farmers received concise information describing key components of the biological pest 
control strategy –– parasitoids coupled with Neem oil biopesticides fortified with Maruca-specific 
virus. For example, we asked if farmers are aware of beneficial insects that serve as natural enemies 
of pests. Prepared scripts were then read to inform respondents that there are parasitic wasps that 
kill the Maruca pest but are harmless to people.  Series of such interactive questions followed with 
questions interspersed with scripted information about other aspects of the biocontrol program. 
Information given to respondents included how effectiveness of the fortified neem oil compares 
with homemade botanical biopesticides, and the need for farmers to cooperate with expert advice 
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against indiscriminate application of synthetic pesticides, and avoiding bush fires. Next, based on 
the farmer’s own pest management data supplied earlier in the interview, the enumerator reminds 
the farmer about his/her current pest control method such as cost of synthetic pesticides, labor days 
used for pesticide application, and yield level of cowpea grains. At this point, the choice problem 
is presented to the respondent such that levels of the attributes –– cost, labor, and yield loss –– for 
the biocontrol strategy are always relative to those of the farmer’s own chemical pest control 
method. As the choice problems were being presented to respondents, they were reminded to 
recognize household income constraints and let that reflect in their decisions. 

The ODK mobile data collection technology facilitated implementation of the choice 
experiment survey in that the collected data became available in a relatively short time. Owing to 
the timely availability of data in the course of the field survey, a sequential choice experiment 
design approach was adopted to improve efficiency of parameter estimates in the choice model. 
Specifically, a conditional logit model was estimated using survey data collected on the initial 
design from roughly one-third of the sample. The original design was then updated to design 2 
using priors from the newly estimated model. Subsequently, data collected on designs 1 and 2 were 
also estimated to update the priors leading to the final (3rd) design used to complete the survey. 
Table 1 shows relative attribute levels of the biocontrol strategy, and the sequential designs that 
generated scenarios for the survey. It is worth noting that attribute levels of the biocontrol strategy 
were conservatively selected such that the existing chemical control method always outperformed 
the biocontrol method in terms of cost, labor input, and yield.3  
 

Table 1.  Choice experiment designs showing biological pest control attributes and levels used in the survey 

Attributes 
Levels 

Design 1 Design 2 Design 3 
Cost of neem oil (FCFA) 1000, 3000, 5000 3000, 6000, 9000 1000, 5000, 9000 
Labor for biopesticide  application (days) 1, 3, 5 4, 8, 12 3, 8, 12 
Yield Loss (%) 0, 10, 20 25, 40, 60 10, 30, 60 
Note: Attribute values are relative to corresponding values for existing chemical pest control methods as reported by farmers. 
Exchange rate: FCFA 1000 = US$ 1.60 
Source: Survey Data, 2015 

 
 
 
 
 
 
                                                           
3 According to biocontrol experts in Benin, the biocontrol strategy (as part of the innovative IPM package) has real 
promise to outperform existing chemical pest control methods at least in terms of potential yield. This is because the 
range of chemical pesticides used by farmers in the developing world are often sub-standard products with varying 
efficacy results. Also, indiscriminate and improper use of synthetic pesticides by smallholder farmers cause field 
pests to develop resistance to chemicals pesticides over time.  
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6. Results and Discussion 
This section discusses characteristics of the cowpea-producing households covered in the field 
survey. Next, results from the estimated choice models are presented.  

6.1  Characteristics of cowpea farmers in Benin 
Existing chemical pesticide application practices in Benin:  
From Table 3, it is observed that approximately 90% of the farmers indicated that they apply 
chemical pesticides to control cowpea pests. However, only 14% of the respondents also apply 
chemical pesticides on crops other than cowpeas. The widespread application of chemical 
pesticides on cowpea farms compared to other crops is both a manifestation of the incessant pest 
attacks characterizing cowpea production, and the importance of cowpeas to smallholder farmers’ 
food security. 

 
Table 3. Pest incidence and existing pest management characteristics in Benin, 2015 
Characteristics Statistics 
Application of chemical pesticides on cowpea crops  (% yes) 88 
Chemical pesticides on other crops? (% yes) 14 
How farmers decide when to apply pesticides to cowpea (% yes):   
       tradition/experience 62 
       notice some damage 21 
       others 17 
Farmers' main source of information for pesticide application  (% yes):   
       input dealer 36 
       extension agents 12 
How volume of pesticide use compare to previous years (% yes):   
       lower 5 
       same 66 
       higher 26 
Severity of pests damage  (% yes):   
       very severe 62 
       somewhat severe 31 
Trend of pest-damage over past 2 years  (% decreased) 9 
Satisfaction with effectiveness of pesticides (% dissatisfied) 35 
Cost of pesticides (1,000 FCFA/ha) 6.3 (23.8) 
Share of harvested grain value allocated to cowpea pest control (%) 6.3 (12.0) 
Note: Standard deviation in parentheses, and median values are presented here rather than means. 
Source: Survey Data, 2015 

 
Concerning decisions on when to apply chemical pesticides, a majority of the farmers follow a 
traditional application regime established from pest incidence experiences over the years. 
Consistent with the traditional approach to chemical pest control in rural farming communities, a 
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large proportion of the cowpea farmers obtain information on chemical pesticide applications from 
colleague farmers within their social networks. As a result, only 12% of the farmers mentioned 
extension agents as their main source of information, while one-third of the respondents indicated 
that input dealers provide them with pesticide use information. It is noteworthy that in Benin and 
other West African countries, farmers typically purchase chemical pesticides from input suppliers 
operating in informal markets. Hence, there is real concern as to whether input dealers are a reliable 
source of information about recommended pesticide application practices (see Hinson and Lawin, 
2015).  
 
Trend, severity, and costs of cowpea pest pressure:  
When survey participants were asked about the nature of pest pressure and damage on their farms 
in the last two years, the responses implied that pest incidence and associated devastating effects 
are growing over time. Only 9% of the farmers have been experiencing declining pest presence in 
the last two years. More than half of the cowpea producers have observed upward trends in pest 
damage. On respondents’ own assessments of the degree of crop damage they have faced, most of 
the farmers described their typical level of damage as ‘very severe’.  

Household cash expenditure on chemical pesticides amounts to FCFA/ha 6,300. Also, we 
observe that 6.3 % is the share of grain yield (valued at market prices) that is allocated to crop 
protection.    

Farmers’ awareness of health and environmental hazards posed by chemical pesticides: 
Almost all of the cowpea farmers we interviewed believe that chemical pesticides are harmful to 
human health (see Table 4).  
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Table 4. Awareness of health risks, beneficial insects, and biopesticides in Benin, 2015 
Characteristics Statistics 
(1). Hazard awareness, and exposure to chemical pesticides   
Do you think pesticides are harmful to people?  (% yes) 93 
Color label identifying toxic chemical pesticides  (% yes):   
       yellow/red 11 
       don't know/other color 89 
Has anyone you know been sick due to pesticide poisoning? (% yes) 45 
Does household use gloves during spraying? (% yes) 25 
Use face mask to apply pesticides? (% yes) 24 
Clothes/skin wet with pesticides after spraying? (% yes) 71 
Does household use eyeglasses during spraying? (% yes) 10 
Any skin irritation incidents after spraying?  (% yes) 73 
Cases of eye irritation after spraying?  (% yes) 57 
Medical treatment sought after chemical exposure symptoms? (% yes) 19 
(2). Awareness of beneficial insects, and botanical biopesticides   
Farmer aware of beneficial insects  (% yes) 9 
Heard about plant-based biopesticides? (% yes) 66 
Ever applied biopesticides? (% yes) 27 
Participated in any pest management programs in the past? (% yes) 16 
Source: Survey Data, 2015 

 
To test farmers’ knowledge concerning pesticide color labels warning users about the toxicity of 
active ingredients in accordance with WHO guidelines (WHO, 2010), only 11% of the farmers 
appear to be aware that Red and Yellow labels represent highly-toxic and moderately-toxic 
chemicals, respectively. This observation is worrisome as most of the brands of chemical 
pesticides available to farmers are highly toxic according to the WHO hazard classification of 
active ingredients in pesticides (see Appendix 2 for a list of pesticides used by farmers in Benin). 
Furthermore, there is limited use of adequate personal protective equipment (PPE) by farmers 
during chemical spraying activities. On possible exposure to chemicals, survey results show that 
the farmers may be at high risks of exposure to toxic active ingredients. For instance, most of the 
farmers indicated that PPE such as rubber gloves, face/nose masks, and eyeglasses are rarely used; 
75%, 76%, and 90%, respectively. Not surprisingly, more than two-thirds of the farmers reported 
that clothes of individuals who do the sprayings are usually wet with chemical solutions. 
Moreover, most of the respondents confirmed cases of skin irritation suffered after spraying 
chemical pesticides. Also, over one-half of the farmers have experienced eye irritation incidents 
following chemical application activities. At least 40% of the farmers know close associates who 
were suspected to have fallen sick due to some form of poisoning from chemical pesticide 
application.    

Given that the range of synthetic pesticides applied in Benin are often of the broad-
spectrum kind, farmers were asked if they were aware of the existence of beneficial insects in the 
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farming environment. Almost all of the respondents indicated unawareness (see Table 4). 
Interestingly, two-thirds of the farmers know about botanical biopesticides. Approximately a 
quarter of the cowpea producers have had some experience with plant-based biopesticides even 
though only 16% mentioned that they have actually participated in previous pest management 
programs such as the PRONAF projects which sought to encourage cowpea farmers to control 
pests by applying biopesticides prepared locally from botanical extracts. 

Socioeconomic and cowpea farm characteristics in Benin:  
Males dominate cowpea production decisions in Benin given that less than one-third of household 
cowpea-production decision makers are females (see Table 5). Also, female-headed households 
are in the minority (15%) in the cowpea-producing communities, and this is consistent with other 
African countries as noted by Kherallah et al. (2001). 
 
Table 5. Characteristics of households and cowpea farms in Benin, 2015 
Characteristics Statistics 
(1). Socioeconomic characteristics of households   
Gender of person responsible for cowpea production decisions  (% male) 69 
Farmer’s relation to household head (% self) 77 
Age of person responsible for cowpea production decisions  (years) 45 (13) 
Years of schooling completed by farmer (years) 0 (3) 
Participation in farmer organizations  (% yes ) 18 
Female-headed households (%) 15 
Number of people living in household 7 (5) 
(2). Characteristics of cowpea farms   
Land size for cowpea production (ha) 0.5 (7.9) 
Type of land tenure  (% owned) 75 
Main source of cowpea seeds (% yes ):    
       grain saved from previous harvest 44 
       purchased in the market as grain 53 
       buy from seed producers 1 
Cowpea grain yield (Kg/ha)* 320 (230) 
Did you harvest fodder?  (% yes )   10 
Note: Standard deviation in parentheses. Also, median values are presented here. 
Source: Survey Data, 2015 

 

Typical households in the various farming communities across Benin consist of about 7 
individuals. This household size compares with 8.8 according to a rural household survey 
conducted in Benin by Kherallah et al. (2001).  Furthermore, people in charge of cowpea 
production decisions in Benin are mostly in their mid-forties. On formal education levels, we 
observe that the median years of schooling completed is zero.  Therefore, the literacy rate is low 
among cowpea producers across Benin, as shown in Kherallah et al. (2001).  
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The majority of cowpea farms in Benin are owner operated. Cowpea farms typically cover an 
area of half a hectare. In general, more than a half of seeds planted during the cowpea growing 
season are primarily sourced from local cowpea grain markets. This means that dedicated seed 
suppliers are nearly nonexistent across farming communities in Benin. Cowpea yield levels in 
Benin appear to be lower relative to those reported for other West African countries. For example, 
cowpea grain yield in Burkina Faso is reported as 345 kg/ha (Reyes et al., 2013), that of Nigeria 
is 528 (Coker et al., 2014), and Ghana is 400-600 kg/ha (SRID, MoFA, 2012). Also, Langyintuo 
et al. (2003) provides yield information for a number of West African countries from 1990-1999, 
and acknowledge the difficulty in obtaining reliable data on cowpea grain yield in Sub Saharan 
Africa.  

 
6.2 Cowpea Farmers’ Preferences for the Biological Pest Control Strategy 

The survey and choice experiment data were estimated using conditional logit models. Table 6 
shows results obtained from the estimated models. The response variable is a binary indicator with 
a value of one when a decision-maker opts for the biological pest control program, and zero if the 
chosen pest control alternative was the chemical method (i.e. the farmer’s own status quo 
approach). The chemical pest control method, therefore, is the base category for the models. 

A number of the farmer and household characteristics, as well as existing pest control 
features are included in the empirical model as dummy variables. Specifically, gender, age, 
education, and household size have been converted to dummy variables as follows: gender (1 for 
males, and 0 for females), age group (1 for respondents younger than the median age of 45 years, 
and 0 otherwise); education group (1 represents people who have had no formal education, and 0 
otherwise (median years of schooling completed is zero)); household size (1 if number of people 
living in household is less than the median of 7, and 0 otherwise). Similarly, for farmers’ who have 
participated in any form of pest control programs in the past, 1 for participation and 0 otherwise; 
and for land tenure status, 1 if land is owned and 0 otherwise.4    

The estimated models provide good fit based on a chi-squared test of joint parameter 
significance. While the restricted model (Model 1) excludes existing pest control characteristics, 
namely costs of current pest control method, and labor input for chemical pesticide application, 
the full model (Model 2) accounts for possible heterogeneity in farmers’ existing pest control 
practices by adding farmer-specific status quo variables in the analysis such that the status quo 
option is allowed to vary across respondents.  As a result, we discuss results from the full model.  
 
Impact of costs, yield loss, and labor input on farmers’ preferences for the biocontrol method: 
All the pest control attributes studied in the choice experiment, namely potential yield loss, labor 
requirements, as well as costs, have statistically significant effects on respondents’ preferences for 
the biological pest control strategy. Each of the attributes shows a direction of impact on farmers’ 
                                                           
4 Farmers’ participation in any previous pest education programs may not be a random process. However, we find 
that excluding this control variable from the model estimation yields stable results since signs are unaffected and 
magnitudes are similar. The only minor difference is that age and income switch statistical significance at the 10% 
level in that excluding the participation variable causes age to become significant although a weak one. 
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underlying utility that is consistent with expectation given that yield loss, labor input, and cost 
negatively affect the satisfaction farmers would derive from adoption of the biocontrol strategy. 
The implications of these findings are that cowpea producers would demand less of the biological 
pest control strategy when the relative cost of the biocontrol method goes up in terms of 
expenditure on neem oil biopesticide per area of crop land. Moreover, the cowpea farmers 
interviewed would prefer a pest control strategy that is associated with low yield losses in that an 
increase in potential yield loss reduces the likelihood of farmers’ demand for the biological 
approach to pest control. Furthermore, an increase in labor days devoted to pests scouting and 
biopesticide application turns out to reduce the probability of farmers choosing the biocontrol 
program. This suggests that the amount of labor required to execute pest control strategies on the 
field is important for cowpea farmers in Benin. 

Marginal values of yield loss as well as labor could be computed separately by expressing 
a negative of their respective parameters over the cost coefficient as ratios (see Kanninen, 2007, 
p. 209-214; Ryan et al., 2008, pp. 83-84). For instance, using the estimated parameters on yield 
loss and cost, we can estimate farmers’ marginal willingness to pay for a reduction in crop yield 
loss associated with the biocontrol program. That is, cowpea farmers are willing to pay a maximum 
of FCFA 116 to avoid a one kg increase in yield loss associated with the biological pest control 
strategy. Similarly, the marginal willingness to pay for a one day reduction in labor input is FCFA 
745. This means that, for a given cost, cowpea farmers value a day’s reduction in the labor input 
more than a one kg decrease in potential yield loss.  

Also, the rate of trade-offs farmers are willing to make between yield loss and labor is 
estimated by calculating a ratio of the parameters for these attributes. Expressing this rate of trade-
off with labor as the denominator, farmers’ willingness to trade yield loss for labor days is 
estimated as 0.2. In other words, farmers would want a 0.2 kg reduction in yield loss to compensate 
for a day’s increase in labor to implement the biocontrol method.  
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Table 6. Estimation of Farmers' Preferences for Biocontrol versus Chemical Pest Control Strategies 
(Dep. variable=Biocontrol method) Model 1 Model 2 
Actual yield loss (kg) -0.0278*** -0.0272*** 
  (0.0066) (0.0066) 
Labor (days) -0.1779** -0.1749** 
  (0.0347) (0.0347) 
Cost (CFA 1,000) -0.2362*** -0.2347*** 
  (0.0454) (0.0454) 
Faced severe pest damage in the past -0.9511*** -0.9367*** 
  (0.2211) (0.2229) 
Small households 0.0318 0.0353 
  (0.2086) (0.2091) 
Males 0.1681 0.1570 
  (0.2264) (0.2270) 
Young age group 0.3286 0.3265 
  (0.2087) (0.2093) 
No formal education group -0.2127 -0.2080 
  (0.2243) (0.2245) 
Participated in any previous pest mgt programs  0.5546** 0.5614** 
  (0.2640) (0.2651) 
Per capita household expenditure (CFA 10,000) 0.0256* 0.0266* 
  (0.0152) (0.0155) 
Existing no. of pesticide spraying per season  0.1419** 0.1633*** 
  (0.0593) (0.0641) 
Land size for cowpea farming (ha) 0.0713 0.0670 
  (0.0785) (0.0760) 
Own land (tenure) -0.0899 -0.0557 
  (0.2380) (0.2442) 
Labor for existing pest control method (days)   0.0136 
    (0.0883) 
Cost of existing pest control method (CFA 1,000)   -0.0470 
    (0.0496) 
Constant 0.9935 0.9299 
  (0.6571) (0.6686) 
Observations 569 567 

McFadden’s R2 0.205 0.206 
AIC 645.8 647.4 
Standard errors in parentheses. * p < 0.1, ** p < 0.05, *** p < 0.01   
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Influence of farm and pest management characteristics on choice of the biocontrol method: 
On possible effects of farmers’ own existing pest control characteristics on the choice of a control 
strategy, the model results indicate that current labor input for chemical pesticide applications, and 
the cost of existing chemical pesticides have no influence on farmers’ probability of choosing the 
biocontrol method. However, an increase in the number of times existing chemical pesticides are 
applied during the cowpea growing season is shown to increase the probability of farmers opting 
for the biological pest control method. This implies that farmers who currently apply chemical 
pesticides multiple times per season are more likely to adopt the biocontrol strategy. Also, with 
regard to the group of farmers who have experienced very severe pest damage to cowpea crops in 
the past, their probability of choosing the biological pest control method is lower compared to 
those who have faced less severe pest damage. Moreover, for people who have previously 
participated in any form of pest control education programs, their probability of stating preference 
for the biological pest control strategy is greater than individuals who have had no such exposure 
to pest management initiatives in Benin or elsewhere. For farm characteristics, a given farmer’s 
probability of selecting the biocontrol strategy is not affected by land tenure status (whether owned 
or borrowed/rented), and the size of land allocated to cowpea production. 
 
Effects of individual and household characteristics on preferences for the biocontrol method: 
None of the individual demographics and household characteristics included in the models shows 
any impact on farmers’ pest control decisions. Thus, farmers’ socioeconomic factors such as age, 
gender, years of schooling completed, annual cash expenditure per household member, and the 
number of people living in households have no effects on probability of choosing the biocontrol 
method.  
 
Social influences on potential adoption of the biocontrol strategy: 
In a follow-up question to the choice experiment, we explored possible relationships between 
social pressure –– in terms of the proportion of farmers in a community who chooses to participate 
in the biocontrol program –– and how this communal behavior may impact other farmers’ decision 
to adopt and stick to the biological pest control strategy. To this end, survey respondents who 
chose the biocontrol program were asked a follow-up question as to what their decision would be 
if in the middle of the growing season they found that a given fraction of their neighbors were 
actually practicing the biocontrol method. The neighbor factor had three levels, namely 25%, 50%, 
and 75%. Each of the survey respondents was randomly presented with only one of the neighbor 
factor levels. Table 7 shows a dichotomous logit estimation results testing the expected correlation 
between neighbors’ participation rate and farmers’ decision to choose the biological pest control 
strategy. Note that dummy indicators have been assigned for each of the three levels of the 
neighbors’ variable with the 25% level set as the base category.  
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Table 7. Neighbors' Influence on Farmers' Preferences for the Biocontrol Method 

(Dep. Variable=Biocontrol method) Parameters Marginal Effects 
50% of neighbors practising biocontrol 0.6223* 0.0843** 
  (0.3231) (0.0413) 
75% of neighbors practising biocontrol 2.1844*** 0.2709*** 
  (0.4436) (0.0429) 
Faced severe pest damage in the past 0.1369 0.0201 
  (0.3365) (0.0498) 
Small households -0.1183 -0.0172 
  (0.3183) (0.0463) 
Males 0.1889 0.0281 
  (0.3362) (0.0512) 
Young age group 0.1892 0.0277 
  (0.3184) (0.0468) 
No formal education group -0.5007 -0.0770 
  (0.3221) (0.0518) 
Participated in pest mgt programs  -0.0466 -0.0068 
  (0.4552) (0.0662) 
Household expenditure (CFA 10,000/member) -0.0217 -0.0032 
  (0.0176) (0.0026) 
Existing no. of spraying per season  -0.0917 -0.0133 
  (0.0950) (0.0138) 
Land size for cowpea farming (ha) -0.1890 -0.0275 
  (0.1571) (0.0231) 
Own land (tenure) 0.3866 0.0603 
  (0.3834) (0.0636) 
Farmers' existing cowpea yield (10 kg) 0.0139 0.0020 
  (0.0273) (0.0040) 
Labor for existing control method (days) 0.2807 0.0408* 
  (0.1684) (0.0237) 
Cost of existing control method (CFA 1,000) -0.0887 -0.0129 
  (0.0683) (0.0100) 
Constant 0.6553   
  (1.0907)   
Observations 322   

McFadden’s R2 0.15   
Standard errors in parentheses. * p < 0.1, ** p < 0.05, *** p < 0.01 
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The model results indicate that raising the proportion of farmers participating in the biocontrol 
program from 25% to 50% increases the probability of respondents choosing the biological pest 
control method by 8%. Notice that the impact of increasing the proportion of neighbors from 25% 
to 50% is smaller and statistically weak compared to raising the community participation rate from 
25% to 75%. Specifically, the likelihood of biocontrol adoption goes up by 27% when the 
percentage of farmers practicing the biological pest control method is increased from 25% to 75%. 
Thus, an increase in the community participation rate from 25% to 75% leads to a three-fold 
increase in the probability of farmers choosing the biocontrol strategy, compared to the case where 
participation rate for a given community is only increased from 25% to 50%.  
 

7. Concluding Remarks 
Smallholder farmers in Benin are aware of health hazards posed by chemical pesticides. The 
current widespread practice of chemical pest control is borne out of necessity as farmers have no 
other reliable pest control alternatives. In fact, farmers report that pest incidence has been growing 
in recent planting seasons and that explains the increased reliance on chemical pesticides even 
though high chemical costs put a strain on limited household budgets. More than 6 percent of the 
market value of harvested cowpea grains is allocated to purchasing chemicals for pest control. For 
resource-constrained farm households, the cash expenses on chemicals is nontrivial.     

Survey results reveal that farmers in Benin have limited access to credible sources of 
pesticide use information. Farmers largely depend on colleague farmers and chemical suppliers 
operating in informal markets for information on how to use chemical pesticides. Not surprisingly, 
most of the farmers are unaware of color labels designed to warn users about the toxicity levels of 
various chemical pesticide products available in local markets. Related to the poor access to proper 
chemical use information, we found that farmers are not using recommended personal protective 
equipment for application of chemical pesticides on their farms. Consequently, farm households 
in Benin may have high risk of exposure to toxic chemicals as many farmers reported cases of ill-
health believed to be linked to synthetic pesticide applications.  

Decision experiment results reveal that smallholder cowpea farmers prefer pest control 
methods that are less costly, require low labor input, and are associated with minimal potential 
yield loss due to pests attack.  

We also find that farmers who have encountered massive crop damage in the past have 
stronger attachment to pest control methods involving synthetic chemicals and are, therefore, less 
willing to adopt other pest control options.  

Across Benin, people’s preferences for the biological pest control program are fairly 
uniform as there is no difference in pest control preferences among individuals based on 
socioeconomic factors such as age, gender, formal education status, income level, and household 
sizes. This suggests that mass education strategies based on radio, television, community videos, 
and sms news/alerts through cellphones could be leveraged to sensitize farming communities about 
the potential benefits of achieving widespread adoption of the biological pest control strategy. In 
this regard, demonstration plots and other farmer-led promotional campaigns must be conducted 
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to showcase the effectiveness of neem oil and viral biopesticides against identified major cowpea 
pests.  

Findings also show that social influences on farmers’ adoption may be important in that 
increased community participation rate in the biocontrol program enhances other farmers’ demand 
for the biological pest control method. The effect could represent a social norm or farmers’ belief 
that the wasp efficacy is enhanced with greater participation, or some combination of both. This 
provides further support that mass promotion of the biocontrol program in Benin would improve 
adoption substantially. 

Lastly, ensuring wide availability and easy access to the innovative and more effective 
neem oil biopesticide at affordable prices would increase adoption of the biocontrol strategy across 
Benin. Markets and supply chain development efforts for the botanical and viral biopesticides 
would be crucial for the success and sustainability of the biocontrol program. Therefore, it is 
critical to consider a comprehensive value chain analysis for the neem oil supply chain in Benin 
and rest of the West African sub-region. Such value chain analysis would inform supportive 
programs and policies to attract private investors into the cowpea sector.    

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



23 
 

REFERENCES 

Bajwa, W. I. and M. Kogan. 2002. Compendium of IPM Definitions (CID)- What is IPM and how 
is it defined in the Worldwide Literature? IPPC Publication No. 998, Integrated Plant 
Protection Center (IPPC), Oregon State University, Corvallis, OR 97331, USA.  

Bennett, J., and E. Birol, eds. 2010. Choice Experiments in Developing Countries: 
Implementation, Challenges and Policy Implications. Cheltenham, Glos, UK ; 
Northampton, MA: Edward Elgar. 

Boys, K., J. Fulton, M. Faye and J. Lowenberg-DeBoer. 2004. Adoption and Economic Impact 
Implications of Storage Technology and Improved Cowpea Varieties in the North Central 
Peanut Basin of Senegal. Research Report submitted to the IPM CRSP, October 20. 

Coker, A. A.,  B. Odoemena, E. O. Akogun, and D. Mohammed .2014. “Cowpea farming in 
Mashegu local government area of Niger State: Implications for sustainable production and 
inclusive growth in Nigeria”. Journal of Sustainable Development in Africa 16 (5): 33-48. 

Coulibaly, O.,  C. Aitchedji, S. Gbegbelegbe, H. Mignouna and J. Lowenberg-DeBoer. 2008. 
Baseline Study for Impact Assessment of High Quality Insect Resistant Cowpea in West 
Africa. Nairobi, Kenya: African Agricultural Technology Foundation. ISBN 9966-775-03-
X. 

De Groote, H., O. Ajuonu, S. Attignon, R. Djessou, and P. Neuenschwander. 2003. “Economic 
Impact of Biological Control of Water Hyacinth in Southern Benin.” Ecological Economics 
45 (1): 105–17. doi:10.1016/S0921-8009(03)00006-5. 

Dugje I.Y., L.O. Omoigui, F. Ekeleme, A.Y. Kamara, and H. Ajeigbe. 2009. Farmers’ Guide to 
Cowpea Production in West Africa. International Institute of Tropical Agriculture (IITA), 
Ibadan, Nigeria. 

Hinson A. V., and H. Lawin. 2015 “Knowledge, Attitudes, Practices of Farmers Exposed to 
Pesticides at Banikoara Township (Republic of Benin).” Journal of Environment and Health 
Science 1 (2): 1–5. 

Huis, A. Van, and F. Meerman. 1997. “Can We Make IPM Work for Resource-Poor Farmers in 
Sub-Saharan Africa?” International Journal of Pest Management 43 (4): 313–20. 
doi:10.1080/096708797228636. 

Johnson, F. R., E. Lancsar, D. Marshall, V. Kilambi, A. Mühlbacher, D. A. Regier, B. W. 
Bresnahan, B. Kanninen, and J. F. P. Bridges. 2013. “Constructing Experimental Designs 
for Discrete-Choice Experiments: Report of the ISPOR Conjoint Analysis Experimental 
Design Good Research Practices Task Force.” Value in Health 16 (1): 3–13. 
doi:10.1016/j.jval.2012.08.2223. 

Kanninen, B. J., ed. 2007. Valuing Environmental Amenities Using Stated Choice Studies: A 
Common Sense Approach to Theory and Practice. The Economics of Non-Market Goods 
and Resources, v. 8. Dordrecht, The Netherlands: Springer. 

Kherallah, M., N. Minot, R. Kachule, B. G. Soule, and P. Berry. 2001. Impact of Agricultural 
Market Reforms on Smallholder Farmers in Benin and Malawi, Volume 1. IFPRI 
Publications. 

Kouser, S., and M. Qaim. 2013. “Valuing financial, health, and environmental benefits of Bt cotton 
in Pakistan”. Agricultural Economics 44: 323–335. 

Lancaster, K. (1966): “A New Approach to Consumer Theory.” Journal of Political Economy, 74: 
132–157. 

 



24 
 

Langyintuo, A. S., J. Lowenberg-DeBoer, M. Faye, D. Lambert, G. Ibro, B. Moussa, A. Kergna, 
S. Kushwaha, S. Musa, and G. Ntoukam. 2003. “Cowpea Supply and Demand in West and 
Central Africa.” Field Crops Research, Research Highlights of the Bean/Cowpea 
Collaborative Research Support Program, 1981 - 2002, 82 (2–3): 215–31. 
doi:10.1016/S0378-4290(03)00039-X. 

McFadden, D. (1974): “Conditional Logit Analysis of Qualitative Choice Behavior,” in Zarembka, 
P. (ed.), Frontiers in econometrics. New York: Academic Press. 

Pingali, P. L., C. B Marquez and F. G. Palis. 1994. “Pesticide and Philippine Rice Farmer 
Health: A medical and Economic analysis”. American Journal of Agricultural Economics 
76 (3): 587 – 592. 

Reyes, B., M. K. Maredia, C. Dabire, B. Pittendrigh, and M. Ba .2013. Economic Impacts of Bio-
control Research to Manage Field Insect Pests of Cowpea in Burkina Faso: Baseline Survey 
Report. Michigan State University, Department of Agricultural, Food, and Resource 
Economics. Staff Paper 13-04. 

Ryan, M., K. Gerard, and M. Amaya-Amaya, eds. 2008. Using Discrete Choice Experiments to 
Value Health and Health Care, 73–97.  Springer, Dordrecht, The Netherlands.  

Song, F., and S. M. Swinton. 2009. “Returns to Integrated Pest Management Research and 
Outreach for Soybean Aphid.” Journal of Economic Entomology 102 (6): 2116–25. 
doi:10.1603/029.102.0615. 

Statistics, Research and Information Directorate (SRID), Ministry of Food and Agriculture 
(MoFA), Ghana. (2012). Agriculture in Ghana, Facts and Figures. 

World Health Organization (2010). The WHO recommended classification of pesticides by hazard 
and guidelines to classification: 2009.  International Programme on Chemical Safety, 
Geneva. ISBN 978 92 4 154796 3 (NLM classification: WA 240). 

 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



25 
 

APPENDICES 

 
 
Appendix 1. Study Areas and Villages Selected for the Baseline Survey in Benin, 2015 
No. Study Areas GPS Coordinates Zone Villages 

1 Azowlissè 6° 39.991'N;  2° 29.702'E South Azowlissè centre 
        Gbékandji 

2 Allada 6° 49.791'N;  2° 2.289'E South Toffo Houéglé 
        Lissegazoun 

3 Lanta-Davihoué   7° 6.676'N;  1° 52.703'E South Lanta 
        Davihoué 

4 Zangnanado 7° 12.765'N;  2° 17.054'E South Dovi-zounon 
        Sowe 

5 Pobè-Kétou 7° 27.499'N; 2° 34.882'E Center Atanka 
        Igana 

6 Dassa-Glazoué 7° 54.624'N;  2° 8.514'E Center Goho 
        Gbowele 

7 Savè 8° 2.093'N;  2° 34.121'E Center Oké-Owo 
        Dani 

8 Bantè/Akpassi 8° 22.557'N;  1° 49.337'E Center Banon 
        Djagbalo 

9 Ouèssè (Vossa) 8° 28.688'N;  2° 17.821'E North Vossa 
        Djegbé 
10 Bassila/Pénéssoulou 9° 6.081'N;  1° 41.754'E North Salmanga 

        Kikélé lokpa 
11 Bétérou 9° 13.436'N;  2° 14.944'E North Terou-kpara 

        Yebessi 
12 Parakou 9° 17.096'N;  2° 52.105'E North Monnon 

        Kokoma 
Source: Biocontrol Unit, IITA-Benin, 2015 
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Appendix 2. List of Chemical Pesticides used by Farmers in Benin 
No. Brand Name Active Ingredients WHO Classification1 
1 Pacha 25 EC Lambda-cyhalothrine 15g/l + Acetamipride 10 g/l II = Moderately hazardous 
2 Coton Plus 88 EC Cypermethrine 72 g/l + Acetamipride 16 g/l II = Moderately hazardous 
3 Kombat 2.5 EC Lambda-cyhalothrine 25g/l II = Moderately hazardous 
4 Chloro Action Chlorpyriphos 20% EC II = Moderately hazardous 
5 Perfect Killer  Chlorpyriphos 20% EC II = Moderately hazardous 
6 DimeForce Dimethoate 40% EC II = Moderately hazardous 
7 Profenofos 500 EC Profenofos 500 g/l EC II = Moderately hazardous 
8 Termicot  Chlorpyriphos 20% EC II = Moderately hazardous 
9 Rocket Chlorpyriphos 20% EC II = Moderately hazardous 
10 Sniper 1000 EC DDVP 2,3-dichlorovinyl dimethyl phosphate (DDVP) 1000g/l Ib = Highly hazardous 
11 Lambda Best 2.5 EC  Lambda-cyhalothrine 25 g/l II = Moderately hazardous 
12 Cypeforce  Cypermethrine 10% EC II = Moderately hazardous 
13 Lara Force Lambda-cyhalothrine 2.5 % II = Moderately hazardous 
14 Lambda Finer 2.5 EC  Lambda-cyhalothrine 25g/l II = Moderately hazardous 
15 Faria Permfos EC Cypermethrine 35 g/l + Chlorpyriphos 300 g/l  EC II = Moderately hazardous 
16 Lambda Super 2.5 EC  Lambda-cyhalothrine 25 g/l II = Moderately hazardous 
17 Moacartarine 46 EC Lambda-cyhalothrine 30g/l  + Acetamipride 16 g/l II = Moderately hazardous 
18 KD Plus Lambda-cyhalothrine 15 g/l  + Chlorpyriphos ethyl 400 g/l II = Moderately hazardous 
1. See WHO recommended classification of pesticides by hazard (WHO, 2010). 
Source: Survey Data, 2015 
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